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I .—Investigations on the Ik punk nee of Rotatory 
Power on Chemical ( institution. Part XIII * 
The Spatial ('on figuration of the Cnhranched 
Aliphatic Chain . 

By Robert Howson Pickard, .Joseph Kenton, and Harold 
Hunter. 

Adopting the accepted view that the carbon atom may bo con- 
sidered a.s a sphere with its four valencies directed mainly to the 
vertices of an inscribed tetrahedron, Kranklnnd (T.. 1^(1. 75. 
.’K>8) suggest**! that a chain of >ueli atoms might be exacted to 
form A spiral which would complete one turn at about the fifth 
memlxT, and that we should accordingly look for anomalies in 
physical properties at that point. Attention must be directed to 
the fact, however, that the spiral is by no means the orIv form 
which the chain can assume, nor. considered solely on mathematical 
grounds, is it the most [probable. For, after the third member, 
there are three [possible directions in space for extension of the 
i liain to take place, only one « »f which will lead to the spiral eon- 
figuration. This is the ease at each additional mender after the 
third, and therefore the probability ( .f a chain of such atoms 
assuming a spiral form as a result of [pure chance i< at most 1 T" •"*>_ 
where n is the number of atoms in the chain. That is to say. for 
a fuuMijemlxTod chain the odds arc at least 2 to 1 against, for a 

* hi ibis |wpcr n-fnrmTs ^n* Purl 1. I'., lull. 99. 4-1 : Part II, 

r.. 1IH2. 101. b-’O; Piirt IN. .7,, «/., 1127; Part V. I.. l!Pl 1. 105. sttO; Purl VII. 

■ ( /., 222H; Pint VIII. Pi,./., 22U2; I'.irt IX, P/m/., Part Xll. T.. IUIo, 

107. 110. 

VUL. (Will. B 
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fivc-membered chain they arc 8 to 1 against, And to? a thirteen* 
membered chfim they are 00,000 to 1 against such a form being 
assumed .as a result of pure chance. 

A review of our previous work hearing on this point shows that 
Frankland's conception of the spiral chain may now be extended 
to include some heterocatenie substances in which one atom of 
oxygen is included in the chain. 

It has been shown in the earlier parts of these investigations 
that the optical rotatory powers of members of many homologous 
series vary in a regular manner with molecular weight. In view 
of what has been said above, then, it is a fact of great significance 
that this regularity is often disturbed at perfectly definite points 
in the series, after which the normal variation is resumed until 
the next point is reached, and so on. These points occur when an 
unbranched chain of carbon (or carbon and oxygen) atoms con- 
tains five (or a multiple of five) members. ’ Occasionally this effect 
is noticed at the jxnnts where the chain contains six or eleven 
atoms, but- in this connexion it must be remembered that the 
valency directions of the carbon atom are not invariably inclined 
at an angle of 100° 28' to each other as the conception of rigid 
bonds by rant Hoff and by Baev it would lead us to expect. 
Rather is it the ease, as Ingold and his colleagues (T , 1921, 119, 
305, et seq.) have recently shown, that the angle between the valency 
directions of the carbon atom depends on the volumes of the atoms 
or groups to which it is attached. Thus the normal angle between 
the carbon-to-carbon valencies in a polymethylene chain is not 
lOO o 3 , "but 115*3”, and therefore there will be more atoms in one 
complete turn of the spiral in the ease of an unsubstituted poly- 
methylene chain than in the ease of a substituted ch<|in. Then, 
again, in the case of the oxygen atom, we are not certain of the 
directions in which its valencies mainly act. Its volume is almost 
identical with that of the carbon atom: it frequently — much 
more frequently than was formerly siipjjosed-cxoreises quadri- 
valency and may therefore perhaps be regarded as nearly identical 
with the carbon atom so far as its influence on the configuration 
of a chain is concerned. But it would require only a slight change 
of the “ intcrvalent ” angle to modify the shape of the chain 
sufficiently to cause irregularities to appear at the sixth or eleventh 
instead of the fifth and tenth nietnUTs of a series, and either of tin* 
above causes would be amply sufficient to determine such a change. 

I’p to the preserft, nnyrked irregularities in the numerical vain* 
of a physical property in a homologous series at jxrinUt where a 
spiral chain may lie assumed to have completed an integral mini fin 
of turns •have been detected only in rotatory |K»wer. Similar 
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irregularities, although much Josh in amount, have, however, been 
observed in the densities of members of homologous series, for 
example, in the taopropyl-n- alkyl curb in ols (Part II, p. *037), the 
esters of ac-tctrahydro-fl-naphthol (Part III, p. 1430), the cthyl-n- 
alhylcarhinols (Part IV r , p. J 03.”)), and the esters of wop u lego 1 
(X., 1020, 117, 1248). In the last case this irregularity is reflected 
in the values of the molecular refractive power {[/»'/,)>). These 
other irregularities are, however, very small in amount, being often 
very little greater than the experi mental error, and it would be 
rash to base conclusions on consideration of these alone. But as 
confirmatory evidence they are helpful, although we are forced to 
the conclusion that it is the highly constitutive nature of optical 
activity which renders it so pre-eminently useful in the elucidation 
of the finer details of molecular architecture. 

Sonic of the cases of abnormality of rotatory power associated 
with the presence within the molecule of a chain containing five, 
ten, or fifteen atoms of carbon or of carbon and oxygen may now 
be discussed. 

In the homologous series of methyl- n-alkylearbinoU (Part I, 
p. 49), the rotatory power at 2fT in the homogeneous state of the 
propyl member is abnormally high compared with those of the 
rest of the series. This abnormality is intensified at UT. When 
the rotatory powers arc determined in solution in benzene and in 
ethyl alcohol (Part VI, p. 1928), in addition to the abnormality 
at the propyl member, we find similar ones at the amyl, octyl, 
and decyl members. 

Representing the series by the general formula 
C.H : „ f fCH(OHK'H 3 

we see that when n = .> or a multiple thereof, the growing chain 
attached to the asymmetric carbon atom will have completed 
one or more turns of the spiral When, on the other hand, n is 
two less than 5 or a multiple thereof, the whole chain of carbon 
atoms in the molecule will have made one or more complete turns 
of the spiral. 

The temperature -rotation curves for the ethyl and n-propvl 
members of the alkylMopropylrarhinok (Part II. p. f)23) are 
similar to each other and differ from those* of the rest of the scries. 
Writing down the formulae of these alcohols 


(•HyOHj-YH-yii-ni, 


OH CH 3 , 



rii^riiyril^ll-oii 


Cll(CH -! 2 


w piopyl/vjprupv IcarbiiiM, 


i; 2 
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it is immediately obvious that in the former case wc have & chain 
of live carbon atoms, and in the latter, one of four carbon and one 
oxygen atom. , 

Again, ethyl-w -propylcarbinol (Part VI, p. 1924), 

(WcHHU/CH-OH 

C1I 2 -CH 3 

has a low rotation compared with the other cthylalkylearbinols — 
it may be that this is due to the chain of one oxygen and four 
carbon atoms in the molecule. 

Perhaps the most striking example of these irregularities is to 
be found in the series of cthylalkylcarbinols (Part IV 7 ). If the 
specific rotatory powers of these alcohols be plotted as ordinates 
with the number of carbon atoms in the growing alkyl chain as 
abscissae, it is found that the H-amyl and.?? -hexyl and again the 
n-decyl, n-undccvl, and ??*dodecyl members have rotatory powers 
considerably in excess of what may be regarded as the normal 
value deduced from considerations of the rotatory powers of the 
other members of the series. Here again we see the influence 
of a chain of live and six and also ten and eleven earhon atoms, 
and in this particular ease the rotations are measured in the homo- 
geneous state, so that we do not have to consider the effect of 
solution, which is at present very little understood. 

The effect of solvent and also of change of temperature on these 
irregularities is exemplified in the series of esters of /-/sopulegol 
(T., 1920, 117, 124S). Measured in the homogeneous state at 20 , 
the specific rotatory powers of these esters show a regular decrease, 
after the first three members, in their numerical value. This 
regularity is sharply interrupted at tin* ?i- valerate anil again at 
the n-decoate and /i-undecoate. At NO , however, the irregularity 
at the W-valorate is much less in amount and the irregularity at 
the fl-dccoate and the w-undecoate lias disappeared entirely. 

In ethyl alcoholic solution, there are. in addition, indications of 
similar ir regularities at the propionate and /i-oetoate. The rv 
planution of these riMilU becomes c lear when we eoti-dder th* 
structural formula* for thoc e-ders |l). 


.CIO .1 

V " , V 11 ** lit 

CH, CH-OiOK 

\ “ /# • 

• '{" k 


rli: 

’VlHHtM'IMlI., 

• ch, 

i'll « * 
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Itia^bvioua that when II contains four or nine (ten) carbon atoms, 
that is, in the cases of the n - valerate and n-deeo^tc (undecoate) 
the “ ester ” chain to the right of AB will contajri five and ten 
(eleven) carbon atoms and may be assumed to have completed 
just one or two turns of the spiral, respectively. 

When It contains two or seven atoms, on the other hand, that is, 
at the propionate or n-octoate, the whole c hain up to the asymmetric 
carbon atom * will contain either four carbon atoms and one oxygen 
atom or nine carbon atoms and one oxygen atom and may again 
be imagined to have completed whole turns of the spiral as before. 
• It seems evident, too, that some similar cause promotes the 
maximum molecular rotatory power exhibited among the esters 
of tetrahydronaphthol (Part HI, p. M30) bv the propionate (II), 
and also the irregular values of the rotatory powers of the esters 
of I na]>hthyl-a-hexyIearl>inol (Part JX, p. 2048), particularly of 
the propionate and oetoate in which the acyl chains vary by live 
carbon atoms, whilst the abnormal values (under some conditions 
1 2 a 1 ]'» 

of solution) of the acetate, ( and of the 
heptoate are also noteworthy. 

Again, the relatively high rotation of ^-pentyl n-valerate, 

4 6 7 10 

( (Part V, p. s‘ll). may be due to the ten- 
a turned chain —-live of carbon, one of oxygen, and four other 
c arbon atoms. 

Further, among thence tab >of the carbin<iM’ 2 H-*( , H{(>II t 

described in Part VII (p. 22ol) the numerically high positive 
rotation of f/-Vbutyl acetate. < ’H-gCtM W'H Kt*CH a , and the 
abnormally high negative rotation (in carbon disulphide) of the 
acetate «f d-y-nonanol. ('HpIXWM'HKHV,!!}-,. are j>ecu!iarities 
which may be due to the presence in these compounds of un- 
bra nehed chains of carbon and oxygen atoms numbering in all five 
and ten. respectively. Similar deviations from what maf be called 
the normal rotatory power have been observed (Part VII. p. 222!M 
in the eases of y-nonyl bexoate. 

and the undecoate, V 10 H 2 pnMHlf(<\.H w W\H-. c<nu]k>unds 
which may ho regarded as containing ten and fifteen atoms (one 
of these being oxygen), respectively, in an un branched chain. 

Other examples of this kind can be cited from the literature, 
and it was felt that the examination of the formic esters of the 
simple optically active secondary alcohols would furnish a te.-t 
ease of .some theoretical value. When# specific rotatory power is 
plotted against molecular weight for various series of esters, it is 
observed that ill the rase of, fur example, the voelyl esters (Part V t \ 
the y-nonyl esters [Part VII). and the esters of bcn/ylnmthylearbinol 
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(Part VIII) either the acetate or the propionate Occupies an 
anomalous position in that it does not fit on the curve illustrating 
the connexioii between molecular weight and rotatory power. In 
the case of the-esters of 3-butanol (Part V), on the other hand, both 



i ^ s 4 5 


ll 1.1 14 l > 


A’l nnhtr of carbon atoms in growing acyl chain. 

The specific rotatory powers [a]* in the homogeneous state of the norma! esters of 

d-lienzylmcthylcutbinol at 20 3 (1)) ,, . 

and at )2U J (Jl)j * Cai '' " 


(l-B-Vehtno! 


a .„,Z wViv !}^ 6 


and of d y-Xonano! at 20 s (VI) \ , 

and at I20 J (V)/ * Ca e C 

The broken curve in each ease represtnts the apparent normal rate of increase of 
fpecific rotatory pourr with molecular weight. 


the acetate and the propionate fall into line with the other members 
of the series. 

It was therefore decided to make these four series of esters more 
Complete by the inclusion of the formates: The results of the 
poiarimetrifl measurements are illustrated in the figure, where they 
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are co-ordinated with the results obtained for the other esters of 
the series. They show that in each case itfis the protonic member 
of the scries rather than the acetate which shows irregularity of 
rotatory power, although the results. of further work with optically 
active ethers (Parts XIV and XV, this vol., pp, 14'and 22) seem 
perhaps more in accordance with the idea that the acetate is the 
irregular member. Curve 1 V is particularly interesting as showing the 
effect of a rise in temperature in bringing to light the irregularity, 
latent at lower temperatures, in the rotatory power of the n- valerate 
and of the w-octoate of rf-3-octanoi. 

* It may therefore be regarded as established that in a series of 
normal esters of secondary alcohols exhibiting optical activity, 
we may expect irregularities in the rotatory power to occur at the 
propionate, the n- valerate, and n-octoate and the w-deeoate or 
undecoate, and that these irregularities are due to the fact that 
the ester chain of carbon atoms assumes a spiral form with about 
five atoms in one complete turn, entire turns being completed at 
the points of irregularity. That is to say, we recognise this 
phenomenon in two types of chain 

(a) j^ 2 > riMM/Olt and (6) j 1 \>CH‘0 COR 

In type (a) when R ~ 2, 7, 12, and in type (h) when R — 4, 1), 14, 
one or more turns of the spiral to the right of the dotted line in the 
formulae are completed with consequent effect on the rotatory power. 

There are several objections, <<f course, to this thesis. In the 
present state of our knowledge, it is imjrossible to do more than 
indicate possible solutions of the difficulties. First, why should 
the spiral be counted up to the asymmetric carbon atom A in type 
(o) above, and only to the earl amyl carbon atom in type (6) — 
and, further, why not include the longest possible chaip in the 
molecule for the purjrose of counting atoms ' it is submitted that 
both the asymmetric carbon atom and the carbonyl carbon atom are 
singular points in the chain. They are secondary carbon atoms 
as distinct from the primary carbon atoms in the growing chain R. 
In view of the work of Ingold previously quoted on the variation 
of the intervalent angle of the carbon atom with the volume of the ■ 
attached groups, and of the mathematical improbability of a spiral 
form being assumed by a chain of earlnm atoms, it may well be 
that the introduction of a secondary carbon atom into a chain 
of primary carbon atoms already* in a spiral form is sufficient to 
deflect the spiral, as it were, and to cause it thenceforward to 
assume an entirely different direction in space. 

The second objection is much more serious. If it be true that * 
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the norma! form of the carbon chain is a spiral, then “ straight- 
chain ” compounds — forlxample, « -hexane, R-nonoic acid, n-dodecyl 
alcohol, Should exist in enantiomorphous forms according as the 
spiral form assumed is left- .or rigid-handed, There should be 
the possibility of the existence of optically active substances 
the plane structural formulae of which are symmetrical. Why 
has this never been observed ? It must be remembered that 
the phenomenon *is more likely to he dynamic than static — 
the molecule cannot be assumed to be at rest in a permanently 
coiled-up form. Whilst it may appear far-fetched to assume 
that the molecule is alternately coiling up and uncoiling, and 
then coiling up again in the opposite sense,* it is certainly a 
very significant fact that the spiral differs entirely from all asym- 
metric forms at present known to be associated with optical 
activity, in that it may, whilst still remaining in space of three 
dimensions, be converted into its mirror image without rupture. 
That is to *ay that a right-handed spiral may be converted into a 
left-handed one merely by straightening it out and then coiling it 
up in the opposite sense no cutting of the chain is necessary. 
But to convert the generally accepted asymmetric molecule into 
its enantiomorph a much more drastic course is necessary. Two 
of the groups attached to the “ asymmetric " carbon atom must 
be removed, interchanged, and replaced in their new inverse order, 
thus involving more or less complete dismemberment of the molecule. 

In addition to these stereochemical considerations, there are a 
few r more or less isolated points of interest which will be touched 
on as briefly as possible. 

d -p-Itutyl Formate.- This is the simplest possible optically active 
ester of an organic acid, its rotatory power is high, thus 'support ing 
the claim that complicated molecular structure is not necessary for 
large rotations. It will lie noticed that the esters of butanol do 
not show irregularities of rotatory power at any point in the series, 
at least under the experimental conditions hitherto attained. 

d-!i -Octyl Formate. The first laevorotatory ester of d-3-octahnl 
to he described, if we except rf- ( r i-oetyl 1-naphthoate (Part XII. 
p. 12o), which exhibits kevorotation for A 43,' VS below 2,v. It 
is not a case of inversion, b>r rf^-oetaiiol of full dextrorotatory 
power is obtained by hydrolysis of the strongly hevorotatory estn. 
Its temperature rotation curves are similar to those of the acetal- 
etc., in that its hevorotation increases with rise of temperature 

* It is not noiv-wiry. of <o*ir*o, that the rolling amt un< (ulinj* of the in,. I 
eulur chain should *** rnpjd. In the lirpiid <>> dissoiv<d state, a statisti-a 
epiilihriurn would up uhi<h, if it w< re dmorlud. would not 

rt very sfM'Aiy I fpiilih-.it ion in nnli-r to avoid d<t<<rion of the ilwtiirhnn, - 
by the methods of is olutnui at pn-**«nt at «mr do|»«*si*t. 
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whilst in thf> case of the acetate, etc., the dextrorotation decreases 
with rise of temperature, that is to say, t in all cases rise of tem- 
perature produces a change in rotatory power in thc'namc sense. 

d -yNonyl Formate— Like the other aliphatic esters r>f d-y-nonanol, 
the formate is lievorotatory, hut its rotation is numerically much 
greater. Its rotatory power varies scarcely at all with temperature 
and its temperature-rotation curves exhibit maxima (minima of 
laevorotatory power) which move towards a higher rotation value 
and a lower temperature value with decreasing wave-length. In 
this respect it resembles rf-y-nonyl acetate (Part VI 1, p. 2242). 

, d -Benzylmelkylcarbinyl Formate . — This ester differs from the 
other aliphatic esters of the same alcohol in that it is lievorotatory. 
The temperature-rotation curves of all the esters are similar, 
however, just as in the case of the esters of rf-£-oetano!. 

KXPERI M ENT A L. 

The esters were all prepared by the general method of con- 
densing the appropriate optically active alcohol with anhydrous 
formic acid in the presence of zinc* chloride. A considerable excess 
of the acid was employed in every case. 

Anhydrous (118 per ant.) Formic Acid . — This was prepared by the 
convenient method of MiUjiiennc {Hull. Soc. chim., 1S8S. |ii], 50, 
l»G2). Commercial (!K> per cent.) formic acid was mixed with 
enough pure (OS per cent .) sulphuric acid to form the monohvdratc, 
HjSO^HjO, with all the water present. The formic acid was 
distilled off in a vacuum and collected in a receiver cooled in ice- 
water, in which it solidified (tn. p. of pure formic acid - 8 ). By 
exercising care in mixing the acid* and maintaining the temperature 
of the mixture below 70 J , both during the mixing and during the 
distillation, the dehydration >>f the formic acid to carbon monoxide 
was reduced to a minimum. 

d-J3 -Butyl Format*. ( H MeKt’tW'tHf. *f A- Butanol (7* grams), 
formic acid (10 grains), and zinc chloride (S grams) were heated on 
the water-bath for half an hour. At the end of that time, a slight 
odour of butylene was apparent. The reaction mixture was ]>oured 
earofully into cold water, extracted with ether, and the ether 
extract washed repeatedly lir*t with water, then with dilute 
aqueous sodium carlmnat«\ and finally with water again. It was 
then dried by means of freshly ignited potassium carbonate, the 
ether was removed, and the ester distilled at atmosphciic pressure 
through a fractionating column untiMt> refractive index and 
rotatory power were umjtcred by further distillation. 

Thus prepared, rf-fi-l»utyl formate i> a pletaant smelling, colourless, 
mobile liquid, h. p. iHi !17 . 
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d -fi-Octyl Formate, C 6 H 13 'CHMe'0*C0-H.— This ester was pre- 
pared by heating together d-fl-octanol (13 grams), formic acid 
(9 grams), and zinc chloride (5 grams) on the water-bath for two 
hours. At thje end of that time, the reaction mixture had separated 
into two layers. The ester was purified as in the preceding case 
except that it was distilled under reduced pressure and no column 
was used. Octyl formate is a fragrant, colourless, limpid liquid, 
b, p. 81 — 82°/20 mm. On hydrolysis with aqueous caustic soda 
in a current of steam, it yields optically pure d-p-octanol. 

d -y-Nonyl Formate , 0 6 H 13 *CHEt*0’C0*H The preparation of 
this ester followed exactly the same course as that of the (3-octyl 
ester, using tf-y-nonanol (15 grams), formic acid (9 grams), and 
zinc chloride (7 grams). It is a colourless, limpid liquid with a 
pleasant odour and boils at 94*5 — 9o°/22 mm. 

d -Benzylmethykarbinyl Formate , Me*()*CO*H. — This 

ester was prepared by heating d- benzyl mcthyleai binol (10 grams), 
formic acid (7 grams), and zinc chloride (G grams) just as for the 
p-octyl and’ y-nonyl formates. It is a mobile, highly refractive, 
colourless liquid, boiling at 10S 110° '19 mm. Its odour is very 

penetrating but not unpleasant. 


Density Th term i nation . *. 

Densities were determined in a pyknometer holding about 3 c.c\, 
except in the ease of rf-JS-lmtyl formate, when one of about 1-5 e.e. 
capacity was used. The densities are calculated wijli reference to 
that of water at 4 . 


d-Ji -Butyl formate. 

e 21 -.v -tv 

0-8S2O 0-S'iMI 
d^Oetyt formate. 

r 12-.V :*l 

• r i\ ■ 0*8718 0*8:107 

d-y-Xonyl format #. 

20’ 41- 53 J 

d'f 0*8688 0*8300 0-83<H) 

d - Be nzyl m ( ih yka rb i n yl formate . 
e 22 s 42’ 73: 

if.’ 1027 1*003 0*0 ‘00 


03 i»4 

0*8364 UH0O7 


73 00’ 134° 

U-ttlOH 0*7034 0*7391 


84-.V 107' 130’ 134" 

0-8133 0 7941 0 7778 0*7536 


IOO 127= 132 ‘ 

0*0572 0 0324 nyoOO 


Refrartire Index bk termination*. 

Refractive indices* were# determined in a Rulfrieli refractometer 
with jacketed optical parts. Water from «i thermostat was pump'd 
•round the jacket to ensure temperature control to 0*1 . Moim- 
.chromatic light of five wave-lengths was employed (wave-lengths 
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are measured in A.U.). The molecular refractive powers of the 
compounds are calculated using the Lorenz-Lorentz^formula, and 
are compared with the values obtained by using Eisenlohrs figures 
for the atomic refractive powers of their constituent elements. 

d^Buiyl formate. 


A 6708 5800 

5790 

5461 

4338 

nf* 1-3786 1-3812 

1-3817 

1-3828 

1-3896 

[flXI observed 
calculated 

26-97 1 . 

26-94 / A 

i 0-03 


d -fi-Odyl formate. 




«S 1-4174 




observed 

calculated 

4.7-041 

45-42 J A 

-• 0*22 


d-y- Xon yl formate . 




A 6708 , 5890 

.7790 

.7461 

43.78 

vtff* 14152 I 4182 

1-4178 

1-4196 

1-4271 

l«t]5 11" observed 
calculated 

.70-14 1 

50-03 i 

• Oil 


d-Ben zybnrth ylca rbi n y{ format* ■. 




a 6708 r.siMi 

.7790 

.7461 

43.78 

1*41)30 141)7.7 

1 -41*82 

1 7<Mt‘l 

1 .7251 

;/•*!» ohH, ‘ rvc,i 
calculated 

46-921 

46 131 ^ 

0-49 



J/ffivf/n of RutaU.nj Vou\r. 

The rotatory powers of the esters were measured in a ■“><> min. 
jacketed tube round which heated mineral oil was circulated by 
means of a small rotary pump. The temperature of the active 
liquid was kept constant within O-.V for each observation. 

Table I’ gives the experimentally observed rotations for the 
oO mm. tube. When these rotations are plotted against the corre- 
sponding temperatures, smooth curves are obtained from which 
the values of the rotatory power at temperature intervals of 20° 
were calculated. These values are collected in Table II. 

Tabu: 1 

The observed rotatory powers of the esters in the homogeneous 
state. • 

Tk( no d'Oin at • nt< r<f>r to a .“>0 turn. tube. 

Bitty] formate. 

- S'47* at IT- ; 7 S7' at 2V ; 7 01 at 4.'**: 6 4$ at .74 ; 6-10' at 03'; 
at 1)4 \ , 

a :i*i in-12°ot 17; 1)10' at 32 ; 8-4.T at 4.7 ; 7%83 at 50*5 ; 7-32 at 0.7 ; 
5-90 at 94 . . 

«u.» It> a8‘ ill 17 ; 1.7 utr at 32 ; 13 Su at 4,7 : 12-70 at ,7.7 ,7*; 1 M2 (it 
09 ; U-80 c jjt 94 

Ii* 2 
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Table I. — (continued) . 

d -$‘0ctylj6nnale. 

« 5 R 03 - K2* at 16°; - 2 22° at 37°; - 241° at 47-5°; - 2*89° at 71° 

— at 101°; - 3-54° at 120-5°; - 3-59° at 149°. 

« S4<1 - 2-11° at 10 D ; - 2 02° at 38°; - 3 04° at 52°; - 347° at 70° 

- 4*14® at 99°; 4-38° at 120-5°; - 4*48° at 140 u . 

° 43 >s 4-11° at 10°; — 5*12° at 38-5°; — 5-54° at ti)" ; -- 0*27° at 71° 

7-18° at 100-5°; — 7-73° at 1214°; - 7-95° at 143-3°. 


d -y-Nonyl formate. 


a im " 

4- SO' 

at 1 

7°; -4-80' 

at 

30° ; - 

4- 05 5 

a*. 

05 ; 

- 4-305; 

at 

92° 


— 

445 

' at 118'. 









a i4«i “ 

- 5-83 J 

at 1 

r ; - 3-03° 

at 

47 ; - 

5-47° 

at 

07°; 

- 344° 

at 

72‘ 

— 

5-27' 

' at 93 ; - 5 

•21 

* at 120° 






* 

ft IU-S - 

- 10-23 

3 at 

17°: 9-94° 

at 

44'; 

• 9-00° 

at 

70 J ; 

- 9-03 J 

at 

79" 


9-33° at 93 ; - 944 ! at 119 

d ‘Benzybiicthylca rbinyl formate . . 

«j SM — 2-39° at 15 5 ; — 2 50 s at 31'; — 2-74 ' at 37°; — 3-05' at 89 s 
— 3-15° at 105 ; —3-32“ at 124’. 

a jm ~ 2-70 3 at l.r; -- 3-04 at 30°; — 3-50" at 58 J ; 3-75 5 at 80 

-4-03° at 99-; - 4 23' at 113 , 4 28 ' at 124 . 

a «-»i — 542* at l.V; — 5-83 at 31 ; — O-Ol ‘ at 42 s ; — 0-73° at 03' 

— U-92 at 70 ; 7-58 at llU ; — 7-90' at 123®. 


Table II. 

The specific rotatory powers of the esters in the homogeneous 
state. 


d Butyl formate (Mol. 

Wt. _ 102). 

Ml- 


r. 


5803. 

5401. 

4358. 

20 

0*8810 

ls-7 1 

22-48 

- 30-70 

40 

0-8021 

10-87 

2o-27 

33 mi 

00 

0-8301 

I5-H4 

18-19 

20 31 

80 

O N M3 

15 4 S 

10-10 

20-28 


d-y-.Yoo/// formate (Mu!. 

Wt. 172). 



\)\, 

5 s! *3. 

5401. 

4358 

20 

0-808S 

11-28 

„ 13-17 

25 4 s 

40 

0 8518 

11-27 

13- 3ft 

23 42 

00 

0-8349 

11 20 

13 24 

231 2 

so 

0-8181 

1121 

i:M3 

25 -.52 

loo 

0 soil 

1 1 23 

1341 


120 

0 78 if 

II 25 

13 20 

21-08 



d-'i-OW;// formate (Mol. 
Wt. - loS). 





Mv 


f . 

in* 

^5893. 

54I»I . 

4358 

•jo 

0*s05s 

140 

5 01 

9*95 

4o 

o-s4!*o 

5-35 

0 43 

12 2o 

0.0 

0-8313 

0 15 

7 84 

14 29 

SO 

0-SI30 

7-45 

9 15 

In n. 

ton 

o 7941 

8-30 

IO-3S 

1.N III 

120 

o 7740 

9-04 

11-25 

19-45 

1 to 

u-7540 

947 

II -S3 

20-87 

ill 

\ , i ; > Ino (If aka rh\n>ji format 


(Mol 

Wt. 

H»4). 





[°lv 


t . 

IV . 

*>893. 

5101. 

435' 

2o 

1 027 0 

4-73 

5 57 

10 ' 

10 

loo;*H 

5-15 

0*31* 

1 1 '/ 

00 

o»mii9 

5-5S 

T-oo 

13 1' 

so 

0-9712 

O-o J 

7-78 

14 

100 

0*95l»3 

048 

845 

15 v 

J20 

0-9385 

0-99 

9- 1 2 

I*. * 1 
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The rotatory powers of the esters were also measured in approxi- 
mately 5 pea cent, solution in carbon disulphide and in ethyl 
alcohol. . For this purpose, approximately one gram of active 
substance waS made up to 20 c.c. with tho solvent, and the rotatory 
power of the solution determined in a 200 mm. tube. These 
results are given in Table III. 

Fart of the expense of this investigation was defrayed by a 
grant from the Government Grant Committee of the Royal Society, 
and, in addition, one of the authors received a personal grant 
from the Department of Sclent ilie and Industrial Research. < 

Battersea Polytechnic, SAW 11. [Received, Novrmhrr 19*22.1 

IT, — Inresiigattoii.'i on the Dependence of Rotatory 

Power on Chemical Constitution, Part XIV . The 
Normal Aliphatic Ether a of <1 -ft-Octanol. 

By Joseph Kenyon and Reginald Arthur McXigol. 

In the preceding parts of this series of investigations the optical 
rotatory and rotatory dispersive powers of a considerable number 
of secondary alcohols and of esters derived from them have been 
examined. From the results obtained three main conclusions may 
be drawn. 

(1) In a homologous series of optically active alcohols of the 
general formula R , ( 1 H(OH)*R l , where It represents the growing 
aliphatic chain, departures from what may be termed the normal 
alteration of rotatory power with increase of molecular weight 
are observed when R consists of a chain of five or ten (eleven) 
carbon atoms. 

(2) A similar phenomenon is observed in homologous series of 
esters of the formula lURH'HdM’OR when the growing chain R 
contains five or ten (eleven) carbon atoms. It will be noticed 
that this case differs from (1) above in that R is not directly 
attached to the asymmetric carbon atom. 

(3) Alcohols of simple chemical constitution jxwsess simple 
rotatory dispersive powers under widely varying conditions of tem- 
perature, whereas the aliphatic esters derived from them show simple 
rotatory’ dispersive powers only at low temperatures; at higher 
temperatures and in solution the dispersive powers Income complex 

The results obtained 1>V observing the rotatory powers of these 
two classes of compound, both in the homogeneous state over a 
wide range of temperature and in solution at the temjKTature of 
the laboratory, make it highly probable tha^ the differences in 
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dispersive power are due to some change in the molecular con- 
stitution of the esters occurring with, change of conditions, and it 
has been suggested that this phenomenon may be due, to some 
specific property of the carboxylic portion of the molecule. 

In view of the possible effect of adjacent oxygen- atoms in the 
carboxylic portion of the molecule, it was thought advisable to 
examine the rotatory powers of substances in which this possible 
disturbing factor is not present. To this end*- a series of ethers 
was prepared containing in each ease, as the asymmetric portion 
of the molecule, the are. -octyl radicle, and, as the second radicle, 
one of the normal alkyl groups methyl, ethyl, up to n-nonyl. Such 
a series of compounds seems to fulfil the conditions laid down 
above. .w.-()etyl alcohol was chosen as the parent alcohol because 
it is the most readily obtainable of the optically active alcohols of 
simple chemical constitution. 

The investigation of the optical properties of these ethers has 
led to the following interesting results-- at all temperatures between 
15 a and 130° they exhibit simple rotatory dispersion, for at no 
point within these limits docs the dispersion ratio ot 43&8 
below the value 1-577, and, in addition, when the reciprocal of the 
rotation is plotted against the square of the wave-length of the 
light used, linear curves are obtained for every ether examined, 
showing that the one-term Drudc equation expresses the relation 
between rotatory power and wave-length of the light used. 

Determinations of the rotatory jxnvcrs of the ethers in the 
homogeneous state over a range of temperatures 15 — 13(b for light 
of different wave-lengths show the presence of marked depressions 
in the optical rotatory power in the ease of the members containing 
the it -propyl, M-amyl and hexyl, and n-octyl radicle. 

It is considered that these investigations show that the magnitude 
of the rotatory power may be influenced by the approximate 
closing of the spiral arrangement of three types of chain present 
in all these compounds. These are (ci) any complete chain through 
the molecule, (ft) the chain of atoms up to and including the 
asymmetric carlwui atom, and (<*) the chain of atoms attached to 
the asymmetric carbon atom, in the case of the secondary 
alcohols dealt with in the earlier j)arts of these investigations, 
conclusive evidence has been obtained that the rotatory power is 
affected at intervals not only by the chain of the whole molecule, 
hut also by the chain attached In the asymmetric carUm atom, 
whilst m the ease of the esters of these alcohols as shown in 
Part XIII {this vol., p. 1) the influence of chains of the types 
(f>) and (r) is demonstrated. In the ease of the ethers herein* 
described, the evidence is not conclusive, hut jxmits td the possi-. 
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bility that the magnitudes of the rotatory powers 'of different 
members of the series are affected by the completion of a spiral 
in chains, of all three types. 

The irregularities due to this cause may be most clearly demon- 
strated by plotting rotatory powers as ordinates against the number 
of carbon atoms in the growing chain as abscissae. In the figure, 



I 2 :i 4 5 t> 7 s 1) 

Xnt/tb> r of carbon atom# in growing a Ikyl chain. 

The ether# of i\-$~ Orta not. 

A. [a] <w , in .>% notation in carbon itijwlphhlc. 

H. [ a <n the homing* «* ouH ntatc. 

< • l-rs,, ;• y« •; •• 

• I), [ai in .V 0 notation ’7i < thgl alcohol. 

the values actually plotted are for f n but strictly similar curves 
art" obtained by plotting the specific rotatory powers for any of 
the wave-lengths employed. 

A very unusual effect was observed when the rotations of these 
^ethers were determined in per cent, solutions in carbon disulphide 
and in ethyl alcohol; in all previous eases in this series of investi- 
gations. it has been found that the former snivel* effects a consider- 
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able depressing action, and the latter solvent an exalting action, 
although to a less degree. In the series of ethers now being con- 
sidered, however, the reverse is the case, for carbon disulphide 
causes enhanced rotations and ethyl alcohol depressed ones. As 
may be seen from the diagram, the deviations from what may be 
regarded as the normal values are the same in solution as for the 
substances in the homogeneous state. 

The ethers may he prepared either according to the method of 
Ferns and Lap worth (T., 1012, 101, 273), in which potassium 
{3-octyloxide is added to a n-alkyl p-toluenesulphonate, or by allowing 
potassium p-octyloxide to react with a normal alkvl haloid. Samples 
of an ether prepared by either method are identical in rotatory 
power, and this fact allows of a strong presumption that no 
raeemisation occurs during either process. 

E X V E n I M E N T A L. 

Action of Potassium on dfi-Octanol . — To, clean potassium 
{4 grams) covered with dry liehzene (or dry ether) there was added 
slowly rf-p-octanol (23 grams) at such a rate that the reaction did 
not become too vigorous ; when most of the potassium had dis- 
solved, the reaction was completed by gentle warming. The 
reaction mixture was then poured into ice- water in an atmosphere 
of carbon dioxide, and the whole distilled in a current of steam. 
The distillate was extracted with ether, the ethereal extract dried 
and, after removal of ether and benzene, distilled under reduced 
pressure. The octyl alcohol thus obtained showed 4 - 19-30° 
in a 2-drm, tube, whereas the original alcohol showed *;£ ; , — 19-40", 
Thus it is evident that no raeemisation occurs under these 
conditions. 

General Method of Prcpi ration of (hr Optically Active Ether#. 

To the solution (or suspension) of potassium p-octyloxidein ether 
(or benzene) was added the theoretical amount (calculated on the 
potassium used) of the alkyl bromide (or iodide), and the reaction 
mixture gently heated under reflux for almut twenty hours, care 
being taken to prevent the access of moisture during this period. 
In the cases of methyl and ethyl iodides and ethyl bromide reacting 
with an ethereal solution of jtotassium p-octyloxide, heating is not 
necessary, standing at the ordinary temperature for several hours 
lieing .quite sufficient. The potassium bromide (or iodide) was 
washed out with water, and the dried ethereal (or benzene) solution 
mixed with sufficient phthalie anhydride to convert unchanged 
srr-octyl alcohol into its hydrogen phthalie ester. After removing 
the ether (or beiyene), the residue was heated at 1 fo — llo ; for 
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Table T. 

Determinations of Density (D^) and of Rotatory Power (a f0MWl ) 
for the Ethers in the Homogeneous State. 

Methyl d-ttef . -octyl ether. 

Dj 0-807G at 19°; 0-7870 at 43*4°; 0-7700 at 02°; 0-7.730 nt 81-4°; 0-7301 
at 99-4°. 

a 4438 2-07° at 14°; 2-0,7° at 33' 5 ; l-83 3 at0l°; 1-55° at 81-3°; 1-30° at 101°. 

a si«i 3-57° at 14°; 2-70° at 31-4 ; 2-07° at (il°; 2-33° at 82°; 1-80° at 104 3 . 

«M6« 4-29° at 14°; 3-24° at 53-5°; 31ti a ntGl°; 2- 0.7° at 81-3°; 2-43° at OH”. 
« 1S00 4 81° at 14°; 3-50° ut 54 3-34 1 at 01°; 3 09° ut 81°; 2-83° at 98°. 

K i« 7 i 5-U(i° at 14°; 3-73° at 33°; 3-70" at 01°; 3-22° at Sl-5 ’ ; 3-00 3 at 98°. 

aj 3 -j 3-87° at 14°; 4-00° at 31'; 4 IS° at til ’; 3-70' at 82°; 3-22“ at 98°. 

Ethyl d-sec . -octyl ether. 

IV. 0-7893 at 17 2°; 0-7719 at 39*7 r ; 0 7:43 at 38 3°; 0-7387 nt 79-0°; 
0-7202 at lUO- 3"’. 

a Msa 3- SO* at 17-S ; 4 94° at 30°; 4 33° ut Nl ; 4’- 13° at 90 ; 3 89° at 113°. 

a i6x 8-08° at 17-S ; 0-97 at 34 ; 0-24 at 79 ; 3-08 at 97 '; 3-47° at llo . 

a]**, 0-01° rtt § 17-8°; 8-04 at 30°; 7-30 at St ; 0-09° at 97°; 0-31’ at 112’. 

10-47° ut 17-8 ; 910 nt 33-3’ ; S-29 at SO ; 7-30 ut93°; 7-12° at 112 ’. 
a it7tS 11-31° at 17-8°; 9-03 at 33°; S 09° at 79 ; 7 99"at93 J ; 7-30° at HO . 

« 433 * 13-09° at 17-S'; 1M9 at 34°; 10*04' at 79 ; 9-19" ut 93'; 8*81 ' at 103°. 

H-Propyl </-$tT.-octvl ether. 

Df 0-7971 at 12°; 0 759S at 01°; 0-7433 at 80 : ; 0 7303 at 90°. 
fl 54 «i 8-30 3 at 10-5' ; 7-27° at 30-3' ; 0-70 at 07°; 0-10° at 97 ; 3-01° at. 121 3 , 

13-42 5 at 10-3°; 1170 at 30-3 ; lo «»7 at 07 ; 9 77 at 9<i ; 9 12° 

at 120°. 

n -Butyl d-scc . -octyl ether. 

0-7971 at 18-.V; 0-7700 at 43'; 0-7308 at 70- ; 0-7220 at 103°; 0-7003 
at 133°. 

°M 3 * 0 02 : at 20 ; 3 04 at 30 ; 3-24 at 74 ; 4 73 at lo2 ; 4 47 ut 119 . 

«. 1«1 8-94 : at 20 ; 7 73 at 37 ; 7-lS atTO ; 0-7U at 98 ; 005°ntilH\ 

a s)i« 10-4 1 ' at 20 r ; 8-8S° at 39 ; 8 41 ut 73 ; 7-00 at Ini ; 7-lir «t 119°. 

a l#;0 11-82' at 20* ; 9-98' at 39 ; 9-2e at 73 ; 8-39’ at In 1 4 ; 7-89° at 119’. 

a, tTa 12-34* at 20 ; 10 00 ut 3S ; 9 80 at 70 ; 9 21° ut 99 ; S 38 nt 119°. 
« IJi4 I4-38 5 at 20 c : 12- l«r at 37 ' ; 1 1-37° nt 70 . In- 02 at 9$'; !H»9atll8°. 


n-Ainyl d-sec ,* octyl ethi-r. 


»S < 

•7989 

At 20 

: ; 0-7820 at 42 

•3 ; 0 

7 090 

at 

O'* ; 

0-7484 nt 

84 4 

; 0-7233 



at 1 14-S ; ; 0-7023 at 

1 39-0 









S MJ» 

3-2.V 

at 17 

4 91 nt 33 

4 01 

at 5 

\ 

1 I > 

at 

TO. ; 

4 -on 

at 

ini’; 


3 30 21 

at 135'. 











7-3t> 5 

at 17 

; 0 94 at 33' 

0 31 

at 3 

i 

5- ;« i 

ut 

72 ; 

3 41 

at 

105 ; 


4 97 

at 133 . 











8-47° 

at 17 

; 8-19 at 32‘ ; 

7-37 ' 

at *3 


0-92' 

at 7 


0 44 

at 

K«>°; 


3-7:r 

at 129’. 










*i#0* 

9-03 : 

at 17 

; 9- 17 at 31 n 

•S-57 

at 34 


7 si 

ut 7 

7 5 ; 

7 33 

at 

100 ; 


6-58' 

at 130 . 




# 






fl«7» 

10 23 

’ at 1 

9-02 ftt*30° 

; 8-92 

at 5 

0 ' 

; 8 19 

At 

70’ ; 

7-04 

at 

100 ; 

• 


0-93° 

at 131 . 










a IIJ» 

11 79 

17 

; ll-O^ut 3.7 

; In-3 

3 ut 

M 

; 9 3»> at 

71':, 

S 73° 

at 

M2*; 


7*8o r at 133°. 
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Ta bi.k I.— (continued ) . 
n -Hexyl d-sec. -octyl ether. 

Dj 0-8047 at 17-0®; 0-7881 at 40-4 ; 0-7723 at 02 0°; 0-75G8 at 82-5 3 ; 0-7140 
at 137°. 

4-00° at 21-2°; 4-20° at 42"'; 3-77' at 80°; 3-39° at 10£ 3 ; 2-98° at 137°. 
a i*«i 6*52° at 21-2°; 0-02'at4r'; 5-41" at 78 v ; 4-77° at 109°; 4-17° at 136'. 

a ug4 7-48° at 21-2°; G-90° at 42'; G-17° at 80°; 5-59° at 10G C ; 4-6K 15 at 137'. 

a tm 8-4.V at 21 2"; 7-87' sit 42'; 0 92 at 80'; G-2G°afcl07°; 5-60° at 136°. 

a 4< „ 8-89° at 21-2'; 8- 33' at 42'; 7-2G at 79"; « 4G° at 108''; 3-87° at 135“. 

u 4 sa# 10-37° at 21-2"; 9-07' ut 42'; 8-34' at 78'; 7-31 '‘at 108*; G-5G" at 138'. 

w-Heptyl d-sec. -octyl ether. 

iff. 0-8034 at 22°; 0-7770 at 59 ; 0-7G72 at 73°; 0-7440 at 101 3 ; 0-7290 at 
123. 

fens 5-38° at 1(1°; 4 Si at 42 ; 4-42 at 04 ; 4-20 at S3'; 3-8K 3 at 117°. 

« iU1 7-30 J at lG J ; G-Sl ul 43 ; ii-47 at Gl ; 5-99 at 83'; 3 49° at 121. 

a M»g* 8- 81° at 1G ; 8-02' at 42 7-29 at GO ; li-Sir at 83'; G-lS" at 118'. 

«, M , 9-81° at l«-; U-09 at 43': 8 38 at 03': 7 90° at 83°; 7-09* at ll»'. 

a ltu 10-49° at 10 ' ; 9-48 ut 41; s 89 at 04 ; 8 49 at 80'; 7 23° at 119 3 , 
«ii;s 12-09' at It* ; 10 . Si' at 45 ; Jo- Is at til ; 9-50 at «2 ; 8-41' at 1 20 \ 


w- Octyl rf-wr.-oetyl c*t In -r. 


I )}! 0-8099 at 13°; 0-7929 lit 43 ; 0-7780 at 
at 143 . 

°ij i 4-30*111 20'; 4-(»l at 42 ; 3-73 at GO ; 
a 4I| 0-20° ut 20*; 3 .>9 at 43 ; 5-lG at 01 : 

ai0|# 7- 10* ut 20 ; 0-51 at 42 ; ti ll!' at til ' ; 

a 1M , 8-05° ut 20 ; 7-33' at 42 ; G-Gs* at 02 ; 

a 4l ,| 8-39* at 2u : ; 7-5v at 43 ; ii 97 at 82 1 ; 

a 43 . , | 9-98* ul2lC; 8-92' at 44 ; 8-30 at 02 ; 


03 ‘ 


0-7439 at 100 5 ; 0-7254 


; .3-07 at 108 
4-33 at 108 ; 
3-tMt at 108* 
3-34 at 108 1 
3-81 : at 109 9 
G-80 at 105' 


; 2-87 e at 130*. 
4 22* at 130 . 

4 79 1 at 130'. 
5-37- at 130*. 
5-57*' at 130 s . 
G-59 : at 125 3 . 


n-Xonyl d~Mc . -octyl ether. 

Dj 0 81 lU at 17 ; 0 7911 at 47'; <’ 7747 at GO ; 0-7573 at 89'; 0-7409 at 
no. 

a 14JS 4 49 ' at 2o ; ; 4 17 ut 45 ; 3 72 ut 75* ; 3-48 : at 97 s ; 3 30 5 at 116°. 

a . 441 0-1 3 ; ut 20 ; 5 77 ut 44 ; 519 at 7.V; 4-8G* at 95*; 4-54 s at 118*. 

‘ «t 2o ; G 02 ut 4G ; G-ln , t t 7 ;, ; 5-GG at 9G : ; 5-39 : at 117'. 

“jiw 8- 18* 'at 20 7-50 u* 4G ; G-74 ut 75 ; 0 29 ut 9.')- ; 5-93 : ut 117 : . 

0»«I« 8-63 9 at 20"; H 9G Ht 45 : 7 <»5 Ut 76* ; 6-71* at 93®; G-21 at 115 s . 
e 4J . ( 9 U7 ; ut2o ; 9 19 at 44 ; 6 27 at TG ; 7-86' at 92-5 ; ; 7-37‘atlI3 : . 

ten hours. The cold react inn product was dissolved in ether, 
extracted with dilute sodium carlxmate solution, dried, the ether 
evajxirated, and the result ini: Vortvl alkyl ether purified by dis- 
tillation under reduced pressure. In no case was any evidence 
obtained of the presence of unsat united compounds. I he sodium 
carbonate washings, after acidification. gave d-Voctvl hydrogen 
phthnlate of the usual rotatory pn*.u-r. 


Preparation of Ethyl d*s of. -Octyl Ether ?<y th>' l <> of h thyl p-Tolucne- 
sulpho/ui !' . » 

The procedure described by Terns and* Lap worth (hx*. cit.) was^ 
closely followed. I’otassium d- Voctyloxide in benzene solution was 
allowed to react jvith the »alculatcd amount of ethyl /»- toluene* 
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sulphonate dissolved in benzene. The gelatinous' precipitate which 
had formed (Juring six hours 1 heating on the water-bath was 
removed by filtration, and the filtrate warmed with aqueous alkali, 
washed with water, dried, and fractionally distilled under diminished 
pressure. In this way there were obtained, by the use of 8 grams of 
potassium, 5*4 grams of ethyl -octyl ether with a b. p. 65°/16 
mm. and -f- 8-03* for 100 mm. These figures are in very close 
agreement with those given by the ether prepared by the general 
method described above using either ethyl bromide or etli3 T l iodide. 

All the ethers, which were obtaining in yields of 50 — CO per cent, 
of the theoretical, are colourless, mobile liquids. The lower members 
possess somewhat penetrating but not unpleasant odours; some 
of their physical constants arc collected in Table II. 

Measurements of the rotations of these substances in ethyl 
alcohol and carbon disulphide solution were made at room 
temperature and at approximately 5 per cent, concentration. 

The authors desire to thank Mr. H. Hunter for valuable assistance, 
and the Government Grant Committee of the Koval Society for a 
grant with which most of the material used has been purchased. 

Battersfa Pulytivhnic, S.W. II. ' Htnivut , X ovt inter 1 *f, 11*22.] 


III . — / n rest iyat ions on the Dependence of Rotatory 
Power on Chemical Constitution . Part XV. Some 
n - A Ikyl Eth c rs of d - Be n zyl m ethyl ea rb inoh 

Ky Henry Phillips. 

Of the optically active compounds which exhibit complex rotatory 
dispersion, the great majority contain the carboxyl group (or its 
equivalents, the carboalkvloxyl or the xanthogenic ester group) 
and therefore it has been suggested that complex rotatory disper- 
sion may be a general property of the carboxyl group and may 
even be specifically due to the variable valency of the oxygen 
atoms contained in it. 

It is accordingly of interest to examine other optically active 
compounds containing an oxygen atom in the molecule in order 
to test this point. In the earlier parts of these investigations it 
has been shown that most secondary alcohols under very varied con- 
ditions of temperature exhibit simple rotatory dispersion, whilst in 
Part XIV (this vol., p. 14) there is d< 'scribed a homologous series 
nine optically active ethers, all of which Show simple rnlalorv 
dispersion. # An extension of the latter investigation apjaxired 
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desirable and accordingly a scries of normal alkyl ethers of d-bcnzyl- 
mcthylcarbinol was prepared and examined, with results which are 
discussed and detailed in this paper. d-Benzylmethylcarbinol was 
chosen for this purpose because its rotatory power ia high and 
only slightly influenced by temperature. It can also be obtained 
fairly readily in a state of optical purity (Part VI, T., 1914, 106, 
1115). 


Kjo. I. 



Th ' Kt h > r ii <>f d • lU nzjlmfth yko t n ol . 

I. i/» 5", in disulphide. 

II. l«U-> .. .. thplnlcohnl. 

111. [a] in ti>t eta'.?. 

Nine members (if the series C 6 H. , ( , H 2 , ( < HiCH 3 )'OK 1 where H 
represents a normal alkyl group, have been prepared by the method 
described in Part XIV {/<*\ ri/,) and shown to exhibit simple rotatory 
dispersion over the temperature range 20 140 \ 

further sup|x»rt is thus afforded t<i the .view that complex rotatory 
disjK'rsinn must be regarded as a property of the carboxyl group 
as a whole and not <d any one atom in it * That is to say, it is t<» 
the propinquity of the oxygen atoms in this group that the cqui* 
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librium — C<^?„ ; 

.OH 


= — , with consequent complexity of 
OH 


rotatory dispersion, is probably due. In alcohols, R*OH, and 
ethers, R'OR* 1 , it may be concluded that oxygen atoms in different 
molecules are not able to approach sufficiently near to each other 
to employ their subsidiary valencies, with the result that there is 
only one kind of molecule present in the substance, which there- 
fore shows simple rotatory dispersion. This is well borne out by 
the fact that ethers and alcohols are known to associate only 
slightly if at all. 

The magnitudes of the rotatory powers of the members of this 
series of ethers, as will be seen from Fig. 1, show remarkable irregu- 
larities. Assuming that the normal alteration of specific rotatory 
power with the growth of the alkyl chain is correctly indicated in 
the figure, it will be seen that depressions in the rotatory power 
occur at the propyl, amyl, hepty), and octyl- members. By analogy 
with previous results, the depressions at the propyl and octyl 
members are ascribed to the influence of the chain of five or ten 
atoms up to and including the asymmetric carbon atom, that at 
the heptyl member to the influence of the chain 
CH 3 TH(CH 2 Ph)’0-C 7 H l6 , 
whilst the depression at the amyl member, 

CHj-CH (CH jPh)*0 •( bH u , 

is analogous to similar alteration in rotatory power exhibited by 
the valerates in some series of esters, as, for example, 

ch 3 *('H(C 6 h 13 )«()k-(hvi 9 . 


K X PER! M E N T A L. 

Preparation of A-IirnzylMfthylcarbinol .-- -The optically active 
alcohol required for this research was prepared by the method 
given in Part \ I. One thousand six hundred and seventy grants 
of benztl methyl ketone were obtained by the jmssage of 26M 
grams of phenylacetic acid, dissolved in 11.4.70 grams of glacial 
acetic acid, through a silica tube heated at 400' and half filled 
with thoria. The ketone was reduced in boiling ethyl alcohol if 
solution by means of sodium to the corresponding alcohol, which 
was converted into the hydrogen phthalie ester. One thousand 
nine hundred grams of this ester were obtained, fractional crystal- 
lisation of the brucine salt of which from acetone yielded the purr 
IftdX salt. From this pure salt 230 grams of pure d-beii 7 .yl methyl 
carbinol wore obtained, d* <M»S77 ; IAIN4: r\+ 

+ 3*76; ; *, + 33-22- : ; *£, • ’33-2S . . 

The yield of Hid A salt was diminished in. the resolution by t h< 
crystallisation from the concentrated mother-liquors of the corn 
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sponding IBIA salt. Complicated mixtures of the two salts were 
obtained on recrystallisation, which, however, finally resulted in 
the isolation of a small quantity of almost pure IBIA salt. From 
this were isolated 6 grams of /-benzylmcthylcarbinol, a^| 6l — 30-90". 

Action of P.otassium on Benzyl methylca rbi nol . — Fifteen grams of 
a partly active alcohol, with a Ji — 6-13° in a .10 mm. tube, dissolved 
in 100 c.c. of dried benzene, were treated with 2 grams of powdered 
potassium. On complete dissolution of the metal, the {-alcohol 
was recovered. It had — 0-09* in a 50 mm. tube. 

General Method of Preparation of the Active Ethers . — Except for 
the use of 3 grams of potassium with 11 grams of the -alcohol, 
dissolved in benzene, the method employed was the same as that 
given in Part XIV (foe. cil.). The yield was 30- 40 per cent, of 
the theoretical. 

The lower members of the series arc pleasant -smelling liquids; 
the methyl and ethyl ethers have odours reminiscent of nerol. 

In Table I are given some physical properties of the ethers, 
whilst in Table III art* recorded the specific rotatory powers cal- 
culated from the observed rotatory jkjwci-s given in Table II. The 
determinations of rotatory power in ethyl alcohol and in carbon 
disulphide are tabulated in Tables IV and V, respectively. 

The densities were determined in a pyknometer holding about 
3 c.c. Tlie rotations were measured in 50 min. tubes, round which 
heated mineral oil was circulated by means of a pump, but are here 
given as for 100 nun. 


Table U. 

Observations of Density (/),.) and Rotatory Power (7 100 ) in the 

Homogeneous State of the n- Alkyl Ethers of d -BenzyUiathytcarbinol. 

Methyl 

Density 01)273 at 27"; O' 1*1 S3 at 47-.V : o-son0 at 7 1 - r, ; o sTlsat 90 3 : ; 
0-S330 at 112-; 0-S302 at 1313. 

a i«8 4-34' at lS : ; 4-20 at 29*. V *; 3-tis at 17-3 ; 3 21 at t»7 ; 204 at 
NS ; 2 U4 J at lo;» . 

“mi 6-00' at Is' ; 3 lu at 30 1 *; 470 at 17 ; I Is at 02 ; 3-30 at S3'; 
2 at Hl0\ 

“ioM 7-32° at IS 5 ; OOS at 2v ; 3 SS at 47 3 ; 4 02 at 03 ; 3 NS at NS ; 
3-1 O' at lus . 

8-31' at 1 S J ; 7 -112 ' at 27’; 0-N2 at 47 3 ; 3 SO at 03 ; 4 02 at NS ; 
3-00 J at lm . • 

ct|, ; j 8-80° at I S J ; S 2s at 20 *; 7 20 at 17 3 ; 0 2s at 02 3'; 4-94 ut 
S7 ; 4-00 at* 1»>0 .• 

“*ii» 1<>22 at IS : 9-04 at 34 *; 0-90 at $1 ; 0 20 al 7o ; 3 32 a( 
S3 3 ; 4 3s at U'2 4 30 jit J'>0 . 


Wi.il*' eouliri.'. 
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Table II. — {continued). 

Ethyl. 

Density 0-0171 at 24"; 09O6S at 30* 5° ; 0*8781 at 71*5°; 08510 at 101*5°; 
0*8344 at 123°; 0*8145 ut 144*5°. 

lti*18 rj at 22°; 15*40° ut 43°; 14-22° nt 67*; 13*30° at 8*f*2° ; 12*10° at 
111°*; 11*42° at 133°. 

“54«i 23*80° at 19°; 20*48° at 07 ; 18 98° at 87°; 17*72° at 112°; 10*84° at 
121°; 15*90° at 140°. 

«hii 27*00° at 22°; 26*20° at 43°; 24*44° at 67°; 22*64° at 87°; 21*10° at 
111 0 *; 19*88° at 133°. 

<*4(100 32 02° at 22°; 30*40° at 43°; 28*40° at 07°; 20-52° at 87°; 24*30° at 
113° •; 22*80° at 133°. 

a ts7s 34*38° nt 22 ; 32-28'* a I 43 ; 30*42° at 07°; 28*22° at 87°; 20*10° at 
t 113° *; 24 70" at 133°. 

<*434« 41*00° at 19°; 38*14° at 44 ; 35*92° at 67 ; 32*92' at 87°; 30*58° at 
112°; 28 24° at 131". 

n -Propyl. 

Density 0*9058 at 28°; 0 8871 at 53°; 0*8002 at 78°; 0 8486 at 99"; 0 8342 
at 114' ; 0*8312 at 120'. 

a tin 16*10° at 23°; 15-34 J at 45°; 14 02 at 00°; 14 42° at 70 * ; 13 96° at 
81°; 13*20° at 95 5 ; 12*00 at 111 . 

«s4«i 23*52° at 22’ ; 22*16' at 45°; 2u-86 at 02'; 20*22 at 72' *; 19*72° at 

81 ; 18*80 at 94 ; 17 98 at 111'. 

a-,,*, 27*74 at 23°; 26*32 at 45 ; 24*9s : at 00*5* • 24*20° at 70*4° •; 23*38° 



at Si ; 

22*30° at 95'; 21*02- at 110*5 



a tHO0 

31*78° at 23 

; 30*06" at 45°; 2M2 at til ; 

27*72° at 71 * ; 

26 86° at 


81- ; 2. 

3 00" at 95 ; 24 Os at 111 . 



a 4*;s 

33 80’ at 23 

; 32 (to at 45 ; 29-tts at 02 

; 2s 34' at SO' ; 

27*04° at 


94*5 ; 

20 10 at lln . 



a J31S 

40*50 at 23 

; 37*7ii at 45 ; 30*-. ;l i 01 

■V ; 34*70 at 72° 

♦: 33 88° 


ut hi : 

32 54 at 94 ; 5o*9v at 1 1 n ■ 5 



w- 

Butyl. 




Density 0*8973 at 

27'; 0 hh57 at 43 : 0*8686 ut 

05' ; 0*8528 at 84 

0*8308 


at 112 




0 { 13 $ 

17*40 at 21 

; 10*78 at 45 ; 16 02' at 60* .7 

15-52° at 77°; 

14-04“ at 


94'; 14*32 at lt>4 .V ♦; 1300 at 121 . 
a- m 24 94 at 21*5 : 23 90 at 43 ; 22 M at 03°; 210.8 at 75*5°; 20*20° 
ft! 98° ; 1 9*8,8 at 10.V5 ; 19*20' til 118 . 
a- os , 34*18° at 21°; 32-40 at 45 ; 3o*54 ; at 01*5°; 29*54° at 77 " ; 28 04 c At 
90°; 27*28' at lO.V ; 20*30° at 120 . 

a,, 00 29*76° at 21; 28*24- at 45 ; 20 74 at 01°: 25*72' at 77 ,* £4 46° At 
94 V; 23*82 at 104 5' •; 22 90' at 12(*'. 
a 4 , ;i 35 86 at 21 ; 34 l<» at 44 ; 32 32 at 02 : 31*14 at 77'; 29*44° At 

90 5'; 28*02 at 105 •. 27*70 nr 119. 

a 4 jii 43-3G* at 22 ; 3s* 54 at 02 : 37 -ns ut 75 ; 35*98° at 84 *; 34*94 At 

97 5 ; 34 i»o at H>0 ; 33 mi at 12n. 

n-Amyl. 

Density 0*8871 at 29'; 0 S777 at 42'; 0*8484 ut 80'; 0 8301 at 102°; 0*8153 
At 122 : 0*7994 at 111 . 

«i„, 20 26° at 22 : 19 12" at 41 ; 18 02° at 5s°; 17*98° at 74° ; 16*84° at 
90 ; 15*74° At Ho ; 15 lo Hi 120 . 

a,i«i 2400 at 20 5 ; 22 72’ at 41 219s at 57 ; 21 32 at 73°; 19*88° 

'«f 93°; 19*36 at 1 ml : Hut. nt ]:%i . 
a t}1 , 41*5(1 at 21 ; 39 30 „t 4I ; 37*9»»*' at 57 ‘ ; 5iMs s at 72 ; 33 1*0° at 

93 ; 32 42 at loo ; 31 It ut 1 lo . . 
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Table II.— (continued). 

n- Hexyl. < 

Density 4) 8845 at 28-5°; 0-8742 at 43°; 0-8562 at G7°; 0-8420 at 86 g ; 
0-8230 at 108 u ; 0-7090 at 140°. 

« i893 20-28° at 20-5°; 19-40° at 40°; 10-28° at 45-5° ; 18-58° at G0°; 17-20° 
at 93°; 10-26° at 123°. 

«i«i 24-08° at 20-5° ; 22-80° at 40°; 21-64° at 59°; 20 08° at 74°; 19-70° 
at 98°: 19-20° ut 111°; 18-58° at 122-5°. 

« ma 41-22° at 21°; 39-22° at 40°; 36-50° at 40°; 33-90° at 73-5°; 34-44° at 
94°; 33-18° at 112°; 32-30° at 122-5°. 


ti-Heptyl. 

* 

Density 0-881Gat27°; 0-8728 at 39°; 0-8430 at 82"; 0-8287 at 100°; 0-81G7 
at 110°; 0-8052 At 131*5°. 

«6« 8 16-00° at 19°; 15-20° at 43°; 14-44° at 00°; 13-36° at 88 5°; 13 04* 
at 111-5’; 12-18° at 134°. 

a iitl 22-90° at 19°; 21*70 at 44 ; 20-00° at 71°; 19-22’ at 89’; 18-14° at 
111°; 17-32° at 134 . 

26-98° at 19°; 25-48' at 44 : 24-00’ ut 02'; 22-78° at 88-5°; 21-52 
at 111-5 ; 20-32 at 134°. 

a lHQ0 30-92° at 19°: 29-22 at 44 ; 27 44" at 84“ ; 26-16° at 88'; 24-74° at 
i IT; 23-10° at 134°. 

a 4|7 , 32-68° at. 10'; 30-98 at 44-5°; 29 02° at 67°; 27-78° at 88°; 20-34 at 
111°; 24-58° at 134 . 

a ms 39-32° at 19°; 30 84' at 43°; 31-04° at 71°; 32-00° at 89°; 31-00° at 
110-5°; 29-58 At 134°. 


Ji-Octyl. 

’ i 


Dens 

lty 0-8809 at 

26° ; 0-8700 

at 

41 5 s ; 

0- 

s' 65 

at GO' 

; 0-8397 

at 84 


0-8195 at 

114 ; 0-79sl 

at 

142 . 






a «13i 

15-26' at 20-3 

' ; 1 4-64 At 

>2 

; l4-2s 


54 

13-46 

at 71-5 

; 12 9 


at 89°; 

12-46 at 111 

• 5' 

1Mh» 

at 

129 




a Hti 

22-08° at 20 5 

21-5o ; at 1 

12 

; 20- Os 

at 

51 ; 

19-50 

at 71 ; 

18-56 ; 


93 s ; 17 

■68° at 109- ; 

17 

Is' at 1 

126 





a 10 8* 

25-84° at 20-5 

° ; 25-26' at 1 

13 

; 24-32 

at 

53 ; 

22 SO 

at 71 ; 

22 12 . 


89°; 2oS6 at 110°; 20 OJ at 12S-5 . 

« 4800 29-70° at 2U-.V; 29-08° at 33 5 ; 27*94' at 58 4' ; 26-54* at To* ; 25 36 
at 90°; 24 04° at 109°; 23 10 at 12*2. 
a 4 i 7 * 31-54° at 20-5° ; 30 62 at 35’; 29-56 at 51-6 ; 28 10 at 69'; 26 > 
* at 90 5°; 25-52 at 107 ; 24 42 at 127 . 
nuji 37 44 s at 21°; 36 s * at 32° ; 35-26 at 51 ; 33 on at 77 ; 3! 52 i 
93 ; 30-42° at 109-5 ; 28-84 at 126 . 


n-Nonyl. 

Density 0-8822 at 25°; 0-86.S8 at 44'; O S501 at 63 ; 0 8377 at ST 5 
0 8128 at 122 s ; 0-7989 at 143 . 

• 18-32 at 21'; 17-08’ at 37 5 ; 16 40 at 00' ; 15 96 at S.T5 , 15 1» 

at 98-5°; 15 10° at 111 *; 14 94 at 122 . 

«u«i 21 88° at 21 s ; 2l-ln° at 38 ; 2o 1U at 49 ; 19 72 at 6s 5 ; Is TO .. 
85°; 1 H-lO' at |IH> ; 17-34 at 1 2n . 

■usi 37-14' at 22 '; 3 ' 62° at 37-5 ; 34-66 at 5o ; 33-31 a I i’»7 *"» ; 22 1* 

ot 85 : *; 30-86° at 100 ;• 29 42 at 119 . 


* While Cnnlilttf. 
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Table IV. 

Determinations of Rotator ;/ Power in * {approx.) o per cent. Ethyl 
Alcohol Solution. 

Length of observation tube 20 cm. T = 1.7°. 



Cm ms of sub- 

Obscr 

ved rotation. 


Mk- 



stance in 








100 c.c. of 

\ 

A 

A 

A 

A 

A 

Ether. 

solution. 

5si)3. 

5401. 

4558. 

5803. 

5461. 

4358. 

Methyl 

,V0n 

0-2A 

0*4 ;* g 

0-73* 

2-8° 

4*9" 


Ethyl 

4 0.) 

HI.) 

242 

4-07 

10*7 

24-4 

411 

Propyl 

5*0| 

211 

2-41 

414 

21*1 

240 

41*3 

Butyl 

.... 5-no 

2-53 

5 00 

4 04 

25-3 

30*6 

40-4 

Amy! 

4-ttl 

2-52 

3 -no 

5*02 

25-0 

311 

51*1 

Hexvl 

Vo4 

2-57 

:j oti 

500 

25-5 

30*7 

50*3 

Heptyl 

.vn ; 

2*51 

5 02 

5*00 

24-8 

20-8 

49-3 

Octyl 

40.) 

2 40 

2*05 

4-85 

24-2 

20-8 

49 0 

Nonvl 

5 04 

2-40 

200 

4*00 

24-4 

29*7 

48 0 



Table V. 






Determination* of Rotatory Pourr in (approx.) 5 per cent. Carbon 
Disulph hie Solution. 

Length of observation tube 20 cm. T = 17°. 



Grains of sub 

OU 

•rvc<l rotation. 


Mi- 



stance in 

• 

— ~ 

— 




— 


IDO «*.<*. of 

A 

A 

A 

A 

* 

A 

Et her. 

solution. 

5, >93. 

5401. 

4358. 

5893. 

5461. 

4358. 

Methyl .... 

.... 31.10 

3-02 : 

o.y 

s-JV 

30 2' 

39-5° 

81*3’ 

Ethvl 

5-nl 

4 45 

5- 15 

0 45 

44 4 

514 

04 3 

Propvl 

5 00 

4 2"s 

5-2 1 

0 32 

42 8 

52-1 

93-2 

Butyl 

4 08 

4 20 

5 2 s 

0 40 

42 7 

53 0 

95*2 

Amvl 

5 01 

4 10 

4 

s 02 

41 5 

48 1 

89-1 

Hexvl , 

4 00 

4 11 

4-Os 

<i-i*l 

412 

49-0 

90-3 

Hepiyl ... 

4 S7 

5 71 

4 Ml 

Sim 

38 1 

47-2 

82-1 

Oct vl 

5-i*5 

;; sg 

4 «.n 

> 2»« 

57*0 

4. V0 

81-0 

NnJivI 

4 :»*; 

*. 2 

4 4:j 

>IHI 

37-5 

44-6 

• 

80-6 

Part of 

the expense i 

nf tlii** 

invest i 1 

nation 

\va< 

defrayed 

bv 


grant from the (Jmvmment tyrant ( nominee of the Koval Society, 
and, in addition, the author wishes to express his thanks to the 
Department of Scientific and Industrial Research for a personal 
grant, and to ]>r *1. Kenyon .m l Mr H Hunter for their interest 
and help. 
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IV . — Investigations on the Dependence of Rotatory 
P mven on Chemical Constitution, Part XV L The 
Di-d-ft-octyl Esters of the Saturated Dkarboxylic 
Acids . 

By Leslie Hall. 

Among the results which emerge from this scries of investigations 
are the interesting differences which have been observed in the 
optical rotatory and rotatory dispersive powers of aliphatic 
secondary alcohols and aliphatic ethers derived from them, on tho 
one hand, and of aliphatic esters derived from the same alcohols, 
on the other. 

Considering the rotatory powers first, it has been shown that 
those of the esters are, in general, mucji .more susceptible to the 
influences of temperature, dissolution, and concentration than are 
those of thv alcohols from which they are derived and of the ethers 
which may lie derived from the same alcohols. Comjiare, for 
example, the differences in tin- temperature-rotation curves of 
d*$cc . -octyl alcohol and of d-srr. -octyl acetate (Part i, T., ltlll, 
99, 50; Part V, T,, 1014, 105. »s37) and in the alterations in 
rotatory power which they respectively exhibit in certain solvents, 
notably carbon disulphide. 

A legitimate deduction which may be drawn from a consideration 
of these and other facts is that the differences in behaviour shown 
by the esters may be due to some inherent pro|H*rty of the carb- 
oxyl group, and in order to obtain further evidence bearing on this 
point, a series of optically active esters derived from -octyl 
alcohol and some saturated aliphatic normal dicarlmxylie aeids ha*, 
been prepared and their optical behaviour investigated. 

A series of optically active enters of aliphatic dibasic aeids has 
been previously described in the literature by Walden (-/. Ru.<+. 
Phys . Chnn. Soc., ISON, 30. 7(>7), who list'd the fermentation amyl 
alcohol; this, however, was not optically pure (compare MarckwaM 
and McKenzie, Brr., 1901, 34, so that any deductions derived 
from a consideration of his results are unreliable. 

Moreover, in this and other earlier work, the optical rota lory 
powers were determined for light of one wave-length only, and tin 
measurements made only at the tVm|>eniture of the lalnjratory. 

The results of the ]*>lari metric determinations tabulated on 
j>p. 41 and 42, show that the esters herein dcserilied exhibit com- 
plex rotatory dispersion under all conditions employed, namely, 
in the homogeneous condition at tern }>vratu res from 20 to 130 
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and in solution in carbon disulphide and in ethyl alcohol at the 
ordinary temperature. 

Not more than one ester, however, rf. 3-octyl sufccinate, was 
observed to exhibit anomalous rotatory dispersion in the region 


Fiu. 1. 



Cf.- 


i«; ■ 

i 

2u , 

i i :> i V. s \\ 1 .-.' it; 

Xufn f >- r <;/ tn-r < /.’•/,* •/ r 1 */«•> .i, :■ . f n . 

27 e d/J f/,. ovi# a‘H, „ Cti OH y 

A. [a]',, t': lr-„ 

I*. * -•* •*’ >'»«'. 'f i .»if I. 

nf the s}H‘t tnim studio! and then only in A j*er cent. solution in 
ethyl aleoliol at Is 

An examination of the earns [V\j.. 1) nbuiiied by plotting the 
sjKritic rotatory jxnvers of the various rMer- against the number 
of methylene groups in the re>|HTtive aeid>. 4 sho\vs : 

(I) The oxalic ester ‘]*ussoss<s a particularly large optical rota- 
tion : a similar result was observed by Hdditeh in t)*e case of 
VOL. CX XIII. * C 



31 


hall: investigations on the dependence op 


J-menthyl oxalate (I\> 1909, 95, 1581), and the explanation of this 
given by Hikjitch, namely, that the contiguity of the two carboxyl 
groups in the oxalic acid residue is the cause of the exaltation in 
its esters, appears to be satisfactory. 

(2) The succinic ester has a very small rotation. Now it has 
been observed in these series of investigations that chains of five, 
ten, fifteen, etc., atoms are often associated with peculiarities in 
optical behaviour. If the formula of this ester be written as 
follows, 

CH 3 ‘CH(C G H ia )-0-C0^H 2 

H s C*CO-O*0H(C e H 13 )«CH 3 

it is apparent that there is the possibility of two chains con- 
taining live atoms or of two containing ten atoms, each influencing 
abnormally the magnitude of the optical rotatory power. 

(3) The rotation values are alternately high and low as the 
series is ascended. This may be due to* the alternate members 
of the oxalic acid series possessing a nV or (now-configuration 
respectively. An analogous alternation is also known in a number 
of other physical properties of this series, for example, the melting 
points, solubility in water, solubility of the calcium salts, inciting 
points of the methyl esters. 

This view of the alternate cis- and (mhw - structure of this series 
has received support from the recent work of Irvine and Steele 
(T. , 1915, 107, 1221) and Price and Brazier (ibid., 107, 1719). 

The latter authors, as a result of their work on the formation 
of additive compounds nf complex metallic ammines with these 
diearboxylio acids, make the tentative suggestion that oxalic, 
succinic, and adipic acids possess a fm/iv.conliguration, whilst 
malonic and glutaric acids possess a r/t-eonfiguration. .Such con- 
siderations on stereochemical grounds render untenable any assump- 
tion of the configuration of tlie succinic ester as containing chains 
of fiftedh or twenty atoms, but it is suggested that the assumption 
of a configuration made up of two spirals agrees with the hypo- 
thesis advanced to account for the low rotation of the ester. 

K X r E R l M R N T A L. 

Tie' active Voetanol required for the preparation of the esters 
was made by the method described by Kenyon (T , 1922, 121, 
25 W). 

Of the dibasic a*-ids employed * suberic and sebacie acids were 
obtained from Kahlbauiu, whilst the others were prepared by the 
following methods : 

Glutaric acid from trimethylenr cyanide (Auger, Jnn. Chim. 
1%*., 1991, [vi], 22, 357). 
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Adipic acid by the oxidation of cyc/ohcxanol with nitric acid 
(Bouveault and Locquin, Bull. Soc. ckim., 1908, [iv], 3^, 438). 

Pimclic acid from trimethylene bromide and malonic ester 
(Blaise and Koehler, ibid. t 1909, [iv], 5, 687). 

Azclaic acid from castor oil (Maqucnne, ibid., 1809, [iii], 21, 

1001 ). 

n -Nonane-, n-decanc-, and rc-undecane -dicar boxy lie acids from 
undecenoic acid. Tlic undccenoic acid was converted into w-bromo- 
undecoic acid by the method of Walker and Lumsden (T., 1901, 79, 
1191). After a number of trials, it was ascertained that good 
yields of w-bromoundecoic acid can only be obtained by this method 
if the undecenoic acid is carefully purified beforehand by rapid 
distillation under diminished pressure. 

The acid chlorides were prepared by mixing the pure dry acids 
with thionyl chloride (H. Meyer, Monalsh., 1901, 22 , 421); the 
acid chlorides of the higher members of the series were not dis- 
tilled owing to their instability at the high temperatures necessary. 

d-fi -Oiiyl ora la ft was prepared by three methods : (i) *by heating 
anhydrous oxalic acid with four times its weight of d- 3-octyl 
alcohol at 150° for two hours followed hy fractional distillation 
under diminished pressure; (ii) bv heating ethyl oxalate with 
(/-3-octyl alcohol (2 mols.) (<v) at 175 18i>' for about ton hours in 
an uncorked flask, or [b) at 195 — 205 : for about ten hours in a small 
aluminium autoclave, billowed in eaeh case by fractional distil- 
lation; (iii) by using methyl oxalate and working up the product 
as under (ii). 

The following products were isolated as colourless liquids : 
rf-3-octyl oxalate, b. p. 19s 199 11 mm., very faint odour; 

d-[ i-ootjd ethyl oxalate, b. p. 138- 149 r 20 mm., fruity odour; 
and d-Ji-oetyl methyl oxalate, b. p. 130- -132 ,-0 mm., fruity 
odour. 

d-3 -Octyl malonal was prepared by method (ii) as described 
under the oxalate, using ethyl malonate, ami also by method (i) 
with the modification that the mixture of malonic acid (7 grams) 
and (/-! 5-octyl alcohol was treated with dry hydrogen chloride 
until i gram had been absorbed before it was heated at 100" for 
three hours. The reaction product was washed with sodium 
carbonate solution before distillation. 

The following substances were isolated as colourless liquids : 
'/•3-octyl malonate. b. p. 15S -100 19 mm., fruity odour; and 
d ji-octyL ethyl malonate, b. p. 19S- 2tH» 19 mm., fruity odour. 

(/-3-Octyl ethyl malonate was prepared also by the interaction 
of r/- 3 -octyl alcohol and the acid chloride of ethyl hydrogen 

malonate. » 

c 2 
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i-thvl succinate 25 G 142H0 1430$ 1-4326 1-434G 1-4304 1-4374 1-4402 0-054$ 1 430$ 69-96 - 0-20 
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Table III. 

Observed Densities and llolalory Powers of the Eslcfs. 
notations are here given as for a 1-dcm. tube. 

|3-Octyl oxalate. 

IJ>£ 0-9147 at 2G° ; 0-9040 at 40-5°; 0-88G3 at 03°; 0-8720 at 80-5°; 0-8563 
at 100°. 

«t* 93 20-94° at 18-8°; 20-48° at 27-3°; 19-98° at 41°; 17-20° at 82°; 16-62° 
at 97°; 15-94° at 124°. 

« iJ(1 24-52° at 18-8°; 23-78° at 27-5°; 21-64° at 49°; 19-84° at 80°; 18-80° 
, at 97°; 17-98° at 130 J . 

a m8 37-02° at, 19-4°: 36-70° at 27-5°; 33-20° at 49°; 31-40° at 80°; 29-80° 
at 98 J ; 28-20 J at 130°. 

d- (3-Octyl nialonate. 

D\ 0-9189 at 21-2°; 0-9005 at 45-5°; 0-8837 at 03°; 0-8706 at 80°; 0-8574 
at !»» '; 0- 8395 ul 122-5°. 

a «us 8 -48° at 10-2 7-32 3 at4U~; 5-74° at 77°; 5-04° at 102°; 4-72° at 122° ; 
4- 12° at 1585 

« im H-76 # at 19-2°; 10-24° at 4l : ; 8-10° at 70°; 7-04° at 100°; 6-34° at 
122°; 5-72" at 15S : . 

a so«i I3-G0° at 19-2°; ll-Oo at 40 ; 9 08° at 77°; 7-70° at 102°; 7-08° at 
122°; 6 •28° at 157'. 

a mo 15-18° at 19-2°; 12-86' at 4>i ; 10 02" at 77°; 8-50° at 102°; 7-80° at 
122 ; 0-72 at 157 . 

a,c 7 * 15-04° at 19-2 : 13-52 at 4o ; It* 70 at 77°; 914° at 102°; S-2S° at 
122'; 7-26 at 157°. 

a iti , 17-82 nt. 19-2 ; 15-02° at 41 ; 11-80 at 70'; 10-12° at 100°; 9-00° at 
122 ; 7-72 at 15y. 


d-j2-Oofy! suer-mole. 


1*1 0-9175 

at ]‘V 

°; 0-S9-.2 at 44 


n 

ss.‘, 

at 00-5 

; 0- 

8700 at M 2° ; 


0-851 1 
162 5 . 

at 1**7 

; 0 '“ 405 

at 

12 

*5 

{* s222 

at 1- 

2 ; 0 807 2 at 

“cij, 3-70° 

at. 19 2 

; 3 56 

at 57 ; 5 

14 ‘ 

at 

Si 

3-10' nt 

12s' 

314' at 144 . 

a Hi 5 **4° 

at 1*1-2 

; 4 64 

at 56 ; 4 

14 

at 

s2 

4- 26 r at 

126" 

4-00° at 1 4 4 : . 

“ ;o > • 1 1 4 S 

al 19-2 

; 4-s0 

at 57 ; 4 

;.n 

at 

si ’ 

4 6, | at 

12s : 

4-50 : at 144 : . 


at 19-2 

; 5 2s 

at 59 ; 4 

96 

nt 

Sl , 

4 94' at 

12s : 

4 ss' at 144°. 

alt:! 040 

nt 19 2 

; 5 6i t 

at 59 ; 5 

44 

at 

si 

5 3<* at 

12s 

5- 12* at 144°. 

a t) u 7-02 

nt 19-2 

; <H*2 

at 50 ; 5 

•72 

at 

sl 

5 50 at 

120', 

; 5-52 : at 144". 


rM.Oetvl glutaralc. 

Ji’ 0-9204 at 15\* O 9n40nt 35-5 ; 0-S921 nt 50-5° ; 0 8088 at 82 5'; 0 8543 
at 1 < Hi ; U-S35S at 124 ; o *213 nt 145 ; 0-V35 at 164°. 

« tm C-7U 0 at IT; 5-92° at 37V; 4-7o at 09°; 414° at. 98’; 3 80' at 125°: 

3 52° nt 147°. 

a i(l , 9-78*° at 17°; S 32 at 37 2'; (i-S4*nt Os'; 5 7S V ' at 99°; 5-24° at 122°; 

4 74’ at I4.s'. 

“ios* UTSS at 17'; 9-52° at 37 G“; 7-4s at 09*; 0-52 at 9s°; 5 02° at 125°; 
5-42’ nt 147°. 

a t . 69 1212’ at 17 ; ln-50'nt 37 0'; 8 22 at 69 * 7 lS r al9s’; 0 50' at 125'; 
6 0s 0 at 147°. 

12 GU fltl7' ; II-(*2'a( 37-0°; S To'atf.9 ; 7*50' at 98'; G-9S' at 12.V ; 
0-3 S’ at 147 . 

14 88' nt 17 ; 12 3s 1 at 37 2 ; 10-04' at 08 e ; 8 OS' at 99*; 8 00' nt 
122 ; 7 12 at U> . 
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d-fbOctyl adipate. 

D£ 0-90T2 at 28°; 0-8933 at 46-25°; 0-8774 at 08°; 0-8G02 at 90-5°; 0-8371 
at 124°. 

a. S9 , 10-20° at 19-8°; 9*90° at 28-5°; 8-50° at C0°; 7-36° at 85°; 6-74° at 
10S* ; 6-02° at 121°. 

a., 41 11-58° at 19-8°; 11-14° at 28-5°; 9-34° at 59°; 8-42 a at 84°; 7*24° at 
108°; 6-86° at 122°. 

18-20° at l»-8°; 17-32° at 28-5°; 1510° at 59°; 13-28° at 84°; 11-46° 
at 108°; 10-86° at 122°. 


d- 2-Octvl pimelatc. 

Dl 0-9111 at 21°: 0-8948 at 41-5°; 0-8792 at 03-5°; 0-SG60 at 80-5°; 0-S519 
at 99*5° ; 0-8347 at 123°; 0-8181 at 143°; 0-8038 at 101°. 

a ils8 8-08° at 19-5°; 7-76° at 37-2°; 6-32 J at 73-5°; 5-78° at 97°; 5-10° at 
127°; 4-68° at 145°. 

° 5 m 12-02° at 19-5°; 10-38° at 39°; 8-32° at 73-5°; 7-58° at 99-2°; 6-78° 
at 126°; 6-20° at 145°. 

fl ioss 14-00° at 19-5° ; 12-40° at 38°; 9*70° at 76°; 8-70° at 97°; 8-08° at 
127°: 7-44° at 145°. 

«imi at 19-5°; 13-78° at 38°; 10-02’ at 74°; 9-92° at 97°; 9 02° at 

127°: 8-02° at 145°. 

a 1474 16-00° at 19-5°: 14-22° at 39°; 11-00° at 73°; 10 58° at 97°; 9-52° at 
127°; 9-00° at 145°. 

a l3 - 3 18-80° at 19-3°; 10-02° at 40'; 12-86° at 73°; 11-54° at 99-2°; 10 00° 
at 126°; 10-04° at 143 '. 


</-|3-OctyI $ liberate, 

Dj 0-0084 at 20°: 0-8925 at 4T: 0-8788 at C0-7 ? ; 0-8640 at 80 5°; 0 8492 
at 100'; 0-82S5 at 128 '. 

a. 3S3 9-80- at 22-0°; 8-02 at 149 ; 7-56' at 70°; 6-56 at 02°; 6-00 7 at 102 ; 
5-50° at 127 . 

a t4l 11-56 at 22-6°; I 0 -O 4 ' at 4v ; 8 42' at 75°; T • 7 C ° at 92°; 7 50° at 
li)2°: 7-14 at 127 . 

a iiU 1 ;*58° at 22 0°; 15-50° at IS*; 14 20° at 75°; 12 92° at tf2 3 ; 1208 : at 
102 ; 10-72 ’ at 127 . 


d- 3-Octyl a z elate. 

Di 0-0053 at 20°; 0-8908 at 40-8° ; 0-8768 at 60-7° ; 0-8640 at 80° ; 0-8486 
at 100° ; 0-8324 ut 121; 0-8191 ut 142 ; U-S037 at 103°; 0-7874 
at 185°; 0-7695 at 2lO°. 

a SU | 818° at 19-4“ ; 6-94° at 51-7°; 6-48° at 67 ' ; 3-98° at 95°; 5 30° at 
107°; 4-88° at 129’. 

11-66° at 19-4°; 9-94° at 45’; 8-98° at 67°; 8-26° at 80°; 7-80° at 95°; 
7-02° at 107°; 7-04° at 129°. 

c-„, 13-28° at 19 4 ; 11-52° at 51-7’; 10-36° at 67 9-98° at 80°; 8-94 : at 
95°; 8-58° at 107°; 7-52° at 129°. 

a,* M 14-76° at 19-4° ; f 12-62° at 51-2°; 11-50° at 67°; 10-90° at 80°; 9 94 
at 95°; 9-38° at*i07°; 8-40° at 129°. 

o i479 15*40° at 19-4°; 12-92° at 51-7° ; 11-98° at 67°; 11-24° at Sl) g ; 10-24 
at 95°; 9-82° at 107’; 8-68° at 129°. 

a niS 17-96° at, 19-4°; 15-12° ut 47°; 13-36° at 67°; 1308° at 80°; 11-90 at 
• 95°; 1108 at 107°; 10-52° at 129°. 
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Octyl sebacatc. 

Dj 0 093.1 at 20 G° ; 0-8898 at 39-8°; 0-8730 at 79°; 0-8474 at. 99-8’; 0-8305 
at 123°; 0-8137 at 140°; 0-8019 at 103°. 

«c«8 7-98° at 19-8°; 6-38° at 48-8° ; 5-4«' J at 78°; 4-S8 r; at 99'* 4-04' at 12S' ; 
4 12° at 152 J . 

«jui 10-80° at 18-8°; 9-34° at 51°; 7-56’ at 7<-5 J ; 6-50° af 100°; 5-94° at 
130°; 5*20° at 155 fJ . 

a 508# 12-84° at 18-8°; 10-58° at 48-8°; 8-88° at 78°; 7-84° at 100°; 7-04° at 
128°; 0-42° at 152°. 

a Xfm 14-30° at 18-8°; 11-04° at, 48-8° ; 9-02 at 79°; 8-80° at 101°; 7-50° at 
128°. 

a 4(78 15-28° at 18-8°; 12-30° at 48-8°; 9-88° at 80°; 8-88° at 102°; 8-42° at 
128°. 

<*m» 17-10° at 18-8"; 13 72° at 51°; 12-00° at 77-5°; 9-94° at 100°; 9-10° 
at 130-5" ; 8-70° at 155 ’. 


<f* [3-Octyl Ti-nonanc-ai-dicarboxylate. 

PS’ 0-8991 at 25°; 0-8839 at 40°; 0-8744 at 01-5°; 0-8012 at 79°; 0*8403 
at 98°. 

« 1MJ 9-30° at 20"; 8-42° at 37°; 8-04° at 48-2'; 7-40' at 65'; 0-9s° at 8l : ; 

5-90 at 103 ; 5-20° at J2n : 4-04 at 132 . 

“ii»i 10-04 at 20 ; 9-50° at 37 ; S S4 at 47 ; S 20 at 05°; -T-G2'- at ST; 

0-70 at 97'; 0-02 at i 1 S ; 5-34 at 132 . 
ams 16-58 at 2o ; 14 48° at 37 ; 13-5s at 47 ; 120s r at O.V; 11-5S° at 
81 J ; 10-58 at 97 ; 8-90' al 120 ; S-22 at 1:52. 


d- J 3 - Oc t y 1 n • decant*- a* - d tear lx > xy la t e . 


Pi 0-S900 at 30 ; 0-8810 at 50-5 : 0-8078 at 09'; 0-S543 at 89': 0-S200 
at 124 : o si Hi at 142 . 

a iSSJ 9 38 at. 20-2- ; S 24 at 35 ; 7 On at 54‘: 0-94' at 71 ; 0-20' at 85°; 
5-92 at <19 ; 5-00 at 1 20 . 

« }1(!1 10- 22 s at 20 2 ; 9 -OS' at 33 : s-40 at 54 ; 7 90' at 71' ; 7-24' at 85° ; 

0-70 at 99 ; 0-10 at 120 ; 5 9'* at 133 . 
a liit 15-3S at 20 2 ; 14-20 at 33 : 12 no at 51 ; 12 1«» at 71°: 11-32° 
at S5 ; 10-72 at {•!» ; 9-70 at 120. 


d- 3-Octyl ?i-unt!t*eane-a\-diearboxylate. 

Pi 0-8894 at 31°; O S746 at 51; 0 sOOO at To ; 0-8468 at 9o ; 0 >231 at 
120 ; 0 S02I ut 1*2 . , 

8 28’ at 21 ; 7-94 at 32 : 7 52' at 49°: 7-32 at TT; 0 so at 95 ; 
0-06 at 110 ; 6 26 at 126 ; . 

<»im 9 06° at 21 ; 9 44 at 32 : X 90- at 5<»° ; S 10 at 71' ; 7 5s at 95’; 
7-tHV at 110 ; 6-H 
15 60 at 21 : 14-46 a 
95°; lo 14 at ll< 


rf-p-Oetyl methyl oxalate. 

Pi 0 9745 at 3ti ; 0 8563 at 50 ; 

11 9 ; 0-8636 at 140*. 
“jmj ill 19 ; 13-08 at 34 

. 112°; 9-56 at 126'. 

« 4II . 16-54 at 19°; 15 04 at 35 
112 ; 10-74° at 126 . 
25 72’ ut 19 : 2100 at 34 
112°; 17 42 at 126 . 


13 50 ut 50'; 

1218- at 71; 

11 or. at 

i(i at 126 . 



0-9380 at 70 5'; 

0 9183 al 90° 

0-S894 at 

* 1 1 at 64 ; 

1114 at 90 

; 10-24 at 

U (XV at T.0- ; 

12-3s at 90 ; 

; 11-44-' fit 

22 1" at 59*; 

19 62 at 90' ; 

; IS- 6 S’ at, 
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-Octyl ethyl oxalate. 

0-9574 at 26-5°; 0-9428 at 43”; 0-9251 at 02-5 6 ; 0-9007 at 82°. 

“suss 13-20° at 24°; 11-88° at 53°; 11-58° at 73°; 11-08° at 90°; 10-84° at 
110°. 

°54gi 13-40° at. §4°; 13-00° at 53°; 12-02° at 73°; 12-14° at 90°; 11-00° at 110°. 
«i338 23-08° at ?4'; 21-24° at 53°; 19 40° at 73°; 18-08° at 90°; 10-98° at 
110°. 

d % Octyl ethyl malonate. 

D c 0-9519 at 28° j 0-9328 at 49°; 0-9175 at 08°; 0-8807 at 100-5°. 
fl 5 jj 3 8-82 at 21-5 ; 7-8(i° at 35"; <-02° at 54°; 0-24° at 75°; 5-90° at 92° ■ 
5-18° at 108°. 

a 54 Gi 10-38° at 21-5°; 9- 10° at 35’; 7-92° at 55°; 7*18° at 75°; G-04 6 at 93 ! : 

5-78° at 111 3 . • 

“ms* 10-52“ at 21-5°; 14 94° at 35°; 13-02° at 55°; 11-84° at 75°; 10-C4° at 
93°; 8- 80° at 110°. 

/-3-Octyl methyl succinate. 

Dj 0-9G27 at 25°; 0 9508 at 39-5°; 0-9330 at 00°; 0-9164 at 80°; 0-8989 at 
100' ; 0-8782 at 123°. 

a 5S33 - 3-42° at 19-5°; - 3-32° at 30°; - 312° at 58°; - 2-88° at 84°; 

— 2-5cV at 100°; — 2-38 at 120°. 

“ 44 U — 3-84°* at 19-5 ; - 3-70° at 34°; -3-40° at 58°; -3-14° at 80°; 

— 2 84 ' at 100° ; — 2 -50* at 125°. 

a i 55 H ~ ">’04 J at i!KV; — 5-40 at 35°; - 5 04° at 5S°; -4-64 at 80°; 

— 4-34° at 100°; - 4 08° at I25 J . 


-Octyl ethyl succinate. 


Dl 0-9614 at 17- 4 ; 0-94.34 n! 39 5 
at 102 ; U S 746 nt 123 

; (J 9223 at t 

3 3'; 0-9090 at 79°; 0-S904 

a 5U8 2-40 

at IS- 2 ; 2-24 at 3n 2 ; 
1 64 at 124 . 

210 at 52°, 

2-0ir at 79° 

1 94 at 107°; 

fl i45l 3->S 

at 1 S-2 ; 3-30 at 30- 5 ‘ ; 
2-T0 ; at 12o . 

3 22° at 51'; 

3 0tr at 80° ; 

2-80° at 107°; 

a i0 46 2-SI 

at Is 2 ; 3-r,s° at 30-2 
HiT ; 2 92 at 121 . 

5 ; 3-40° at 5 

2°; 3-2o° at 

“S' ; 2-92 at 

°4So<i 4-21' 

at 18 2 ; 4 o.v at 3U-2 7 ; 
3 22° at 121. 

3-72’nt 52° ; 

3 50' at 78°; 

3-4U’ at 107' ; 

« 1<7 , 4-42 

at I S-2 ; 4-2s° at 30 2° ; 

3-92 at 52 ; 

3 74 at 7s' ; 

3»0s at 107*. 

“MAS 5-22 

at lS-2‘ ; 4-9(1 at 3(1-5' ; 

4 5s ° at 51 ; 

4-2s at 8<l ; 

4 OS at 107 \ 


d y-Odi/l sturcinate was prewired by method (ii) using ethyl 
succinate, hy method (iii) using methyl succinate, ami also by 
the interaction of sueoinvl chloride and </-?,.octvl alcohol. 

Ihe products obtained wen* : d-Ji-octvl succinate, h. p. 
20S--2ir;ir> mm., very faint odour; d-3-octyl ethyl succinate, 
h. p. 10O-~ld2’ 10 mm., fruity odour: and / 3-octyl methyl huc- 
cinate, h. p. 103 -104 lo mm., fruity odour. 

The remaining esters were obtained by tin* interaction of d-3- 
octyl alcohol and the required arid chloride as colourless, somewhat 
viscous, almost odourless liquids and jmssessod tin* following boiling 
points ; glutarate, b. p. 17S— 177 ;3 mm . ; adipate, b. p. ] 75 /2 mm. ; 

pimelato, b. p. 188 19<[ 3 mm. ; snberate, b. p. 202 204 3 mm. ; 

azelate, b. p. 208— 2 1 (K/2 nun,: scbacate, b\ p. 240 242 ; 7 mm.; 
?i - nonancdTea r boxy late, b, \ >. 20.7- 207 I mnu; n-decanedicarb- 






Hf.tu r, tn> C> 72 10 si 0-8822 2 77 3-17 4-78 0-8740 2-20 3-30 3-53 3*75 3-96 4-58 




I'tliyl RMrrnml 
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oxylate, b. p. 205 — 210°/1 mm. ; and n-undecancdicatboxylate, 
b. p. 215 — 317°/2 mm. 

The last tester in the list solidified on keeping to a mass of colour- 
less plates which melt at 21°. 

The estersj were not analysed in the usual way, as agreement 
between the experimentally determined and the calculated values 
of the molecular refraction was considered to be a more satis- 
factory criterion of purity. 

Density determinations were carried out between 20° and 130°, 
a carefully calibrated py kilometer of about 3 c.c. capacity bcin^ 
used. • 

Refractive indices were determined at a constant temperature 
for light of several wave-lengths by means of a refractomcler of 
the Pulfrich type. 

The polarimetric measurements were made in a 50 nun. jacketed 
tube round which mineral oil was circulated by means of a pump. 
Observations were made from 20° to about 140 at temperature 
intervals df about 20 \ but in Table 111 rotations are given as for a 
1-dcm. tube. 

That no racemLsation bad occurred during the preparation of the 
esters or during their subsequent heating or treatment with solvents 
was proved by the fact that all the esters oil subsequent hydrolysis 
yielded sec.-octyl alcohol of maximum rotation. 

For observations of rotatory power in solution, about 1 gram of 
the active ester was dissolved in the solvent and the solution made 
up to 20 c.c. at the temperature of the laboratory. Determinations 
of rotatory power were made in a 2-dcm. tube. 

The author wishes to express his thanks to the Department of 
Scientific and Industrial Research for a maintenance grant which 
has enabled him to carry out this work, and also to Dr. J. Kenyon 
and Mr II. Hunter for their interest and guidance. 

Battersea Polytechnic, 11 . [/fcceirei, Xovunhcr lit, I'Ji!-.] 


V . — InvcMigniiouH on the Dependence of Rotator if 
Power on Chemical ('on*litution. Part XVII. A 
Xav Type of Walflen Inversion. 

. Rv Hknby Phillips. 

In the examples of t lie Walden Inversion so far recorded, an entire 
group attached to the asymmetric carbon atom of an optically 
active compound sudors two or more displacements. By thb 
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moans cither the same compound of opposite configuration is 
obtained or, by conducting one displacement under tw;o different 
sets of conditions, products are obtained which are opposite in 
sign: 


/-Malic acid % 


d-Chlorosuccinie 



d- Malic acid 


/-Malic acid 


* T ,1C a,,ove scIlcm< ‘» <>"C to Waldi-ii (Her., ISOfi, 29, 1 13), illus- 
tratos both types. They are, therefore, processes occurring in 
two stages. At one of these stages an *• abnormal ” reaction occurs 
resulting in a change of configuration, but at which one it is im- 
possible to decide. In both reactions a group attached to the 
asymmetric carbon ah/m is replaced. Docs the entering group 
m the first displacement take up (he same position relative to the 
three remaining groups as Unit vacated by the group displaced ? 
I he sign of rotation of the product cannot be relied upon to give 
a correct answer to this question. Many instances are known in 
uiiich substitution occurs remote from the asymmetric carbon 
atom, yet produces a reversal of sign. In such eases no change of 
configuration can be assumed, and therefore it is evident "that 
change of sign does not necessarily coincide with change of con- 
figuration. 

Attempts have been made to overcome this difficulty and to 
provide a method of determining whether a given reaction is 
abnormal from a consideration of the mechanism of the reactions 
in '[Uestion by, inbr tiling Armstrong (T., l*9fi, 69. 1399), Oadamer 
hnn. /ty., 19HI, 34. UMI4), and Kiilmann {Animkn, 1911, 388 
33S). Further, Clough (T. s 191s, 113, 52(5) lias suggested certain 
jirinei files by which the relative configurations of similarly con- 
stituted eompounds can be determined. 

In the examples of the Walden inversion to be described, how- 
ever, we can on general grounds >inglc out the particular reactions 
which occur with configuration'll change. When r/d urn/, vim ethyl- 
earbinol is allowed to react with /i-t«>luene<ulphnnyl chloride 'in 
the presence of pyridine, ben/ylmethylcarbinyl p-toluencsnlphonate 
is obtained. 

r s ii i -c’H,N^,,o.n o-stvr-ii. 

IV n h 


In this reaction, complete substitution of, a group attached to 
the asymmetric carbon atom does not otvur. the hvdrogen atom 
ef the hydroxyl group alone suffers displaeement. It is justifiable 
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therefore, to refer to the sulphonic ester prepared in this way from 
the dextrorotatory alcohol as the d-sulphonate, and it is interesting 
to note' that- when this is dissolved in benzene, chloroform, ethyl 
alcohol, carbon disulphide, or pyridine, the solutions obtained are 
all dextrorotatory. 

When this d-sulphonate is treated with sodium ethoxide in 
benzene or, better, heated under reflux in absolute alcoholic solution 
in the presence of solid potassium carbonate, the ethyl ether of 
benzylmethylearbinol is formed and has in this case a laevo- 
rotation. 

If, however, d- benzylmethylearbinol be converted into its 
potassium derivative and the latter allowed to react with ethyl 
p-toluenesulphonate, the ethyl ether of benzylmethylearbinol 
produced has a dextrorotation. 


(- a Hk‘CH. 


5 ch:> c <> 


(>•) '-“a 

+33 02" (for s 
10() mm.). 
Dextrorotation 
and -configuration. 


‘ K.OP. 

-j .‘1 Ml 6 (in benzene ; o^, — 19-90° (for 

c Ti). 100 rain.). 


Pextro-rotatinn 
and -configuration. 


La*vo-rotation 
and -configuration. 


c c h 5 -ch„ 

(«>.) ' »*3 




OEt F.ti.r rv.H.-cir..' 
H 


cm' 


cwr Ni 


r>c< 


23-50° (for 
LOG mm.). 
Dextro- rotation 
and -eon figuration. 


OKI 
H 

a«-J -K 19-H4 3 (for 
100 min.). 
Dextro- rotation 
and -con figuration. 


What is the sign of rotation of the ethyl ether which •corresponds 
in configuration to the d- alcohol l This can be decided by the 
fact tfyit the potassium derivative of the d-alcohol gives a dextro- 
rotatory ethyl ether when treated with ethyl bromide, a reaction 
in which eonfigurativc change is unlikely to occur. 

In the first scries of reactions, however, the kevorotatory ethyl 
ether of benzylmethylearbinol is obtained from the dextrorotatory 
sulphonate, which can be said to have the same configuration as 
d-benzvlmcthylearbinol. The conclusion can therefore be drawn 
that when the dextrorotatory sulphonate reacts with ethyl alcohol 
in the presence of potassium carbonate, the /-ethyl ether of benzyl- 
inethvlcarbinol is jiroducod, the configuration of which is tin- 
opposite to that of the dextrorotatory sulphonate used. 

This is a definite change in configuration in one stage and then 
fore it is a definitely ** abnormal ” reaction*. 

How does this conclusion agree with the usually adopted views 
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of the mode of reaction of sulphonie esters? Ferns and Lapworth 
(T., 1912, 101, 273) have shown that the reactions 6t these esters 
resemble very closely those of the alky] haloids. 


cyvcfW^H 

CH 3 ^N(XS0 2 -C 7 H 7 

T.) *EtO!H 

i+ k 2 co 3 


CA-CHi' 


KtiO*SO 2 *0 7 H 7 


Adopting these views, it is apparent that in reaction I, involving 
the complete replacement of a group from the asymmetric carbon 
•atom, change of configuration is possible, but in reaction If, in 
which bonds of the asymmetric carbon atom remain undisturbed, 
it is unlikely. This is in agreement with the results obtained. 

On examination of the magnitudes of the rotations of the ethyl 
ethers of benzyl met hylearbinol obtained by the three separate 
methods another important conclusion can l>e drawn. The 
"abnormal*' reaction occurs with almost complete coiifiguralive 
change. The rotatory power of the ether prepared from the 
potassium derivative of the alcohol and ethyl bromide is higher 
than that of tin* ether prepared by the other two methods, in which 
a loss in rotatory power might he suspected. 

It was decided to extend the investigation and endeavour to 
prepare a compound from d-benzylnicthylearbinyl ^-toluene* 
sulphoimte with complete change of configuration. For such a 
purpose the compound should be one from which the alcohol could 
be recovered by method* not likely to cause raccmisation or eon- 
figurative change, so that tlx* rotation of the recovered alcohol 
could Ik* compared with that of the original. It was found that 
such compounds, fur example, hcnzylmethylearbinvl inters of 
carboxylic acids, could be readily prepared by the interaction of 
the potassium salts of these acids and the p-tolucnesulphonate in 
alcoholic solution. Uevorntatoiv benzylrnethylcarhinyl • acetate 
was prepared from pun* //-iKiizylmethylcarhinol by the following 
cycle of reactions : 


CH, 


CHS 1 x U-S0,-t.lf. 


S.T-OJ (for I<k> nmi.). a'. , x II I - 1 1 « in s.iinnors). 



( , ,lf--rif, N ../H 

cji;^ v on 
* ;vi. I 

Is <f. r I«*0 nun.). 


* Or s»htinm clln*\i K\ 
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The esters derived from d-benzylmethylearbinol and the normal 
aliphatic acids have been prepared and their optical properties 
fully described in Part VITI of these investigations {T., 1914, 105, 
2261). The ‘acetate prepared from the (/-alcohol by the action 
of acetic anhydride is dextrorotatory (aJJ, 4* 7*13°*) and on hydro- 
lysis with alcoholic sodium hydroxide yields the d-alcohol of 
unchanged rotatory power. That both these reactions should be 
accompanied by complete con figurative change is unlikely and 
hence it may be assumed that dextrorotatory bcnzylmethylcarbinyl 
acetate has the same configuration as the dextrorotatory alcohol. 
In the above cycle of reactions, however, this ester is obtained with 
a lrcvorotation from a dextrorotatory sulphonato, the configuration 
of which can be said to be dextro. 

The passage from IV to V therefore occurs by a definitely 
abnormal reaction, and the almost complete inversion of con- 
figuration is clearly demonstrated by these reactions. 

The /-ethyl other of benzyl met hylcarbinol was also formed 
during the preparation of the acetate, being produced by the 
interaction of the rf-sulphonate and ethyl alcohol, used as the 
reaction medium, in the presence of potassium acetate. It had 
#3*1 — 2 1*92 \ being higher iti rotation than that prepared pre- 
viously. Its presence necessitated very careful fractional distil- 
lation of the product, since the boiling points of the acetate and of 
the ethyl ether are fairly close. 

To ensure that the ester obtained was uncontaminated with 
this ether, a further series of reactions was undertaken in which 
the h - valerate was substituted for the corresponding acetate. 

In these reactions, a specimen of /-henzylmethylearbinol with 
— 24*94 was converted through the corresponding sulphonato 
into the n- valerate, which had a-*/; 9*7(r and gave when hydro- 

lysed a r/-alenhol with ~r 23*9^°, Again the loss in rotatory 
power was small and complete confirmation of the other reaction 
was thus obtained. 

Ferns and Dapwnrth (/'»’. rit.) also raise another point which is 
of interest. Discussing the reaction which occurs between phenyl 
p-tolucnesulphonate and sodium cthoxide, they point out that in 
this case it must be regarded as occurring in two stages : 

iyi 5 -OS<VC 7 H 7 r XaOEt -> C 6 H & -OXa -j- Et<>S0 2 *(' 7 H 7 
CgHj’O Xa -f Ft (>,S0 2 *C 7 H 7 EtO-C e H s t XaO%SO a -r 7 lI 7 . 

The reasons they advance arC first that the reaction proceeds 
readily, a fact which does not seem to indicate the breakage of 

* Alt «>trtf-rvt'<l nitalinrut rrronUtl in thw |inp r for loQ mm. 
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an O-C linking the carbon of which forms part of a benzene nucleus ; 
and secondly, that in none of its simpler reactions* does phenyl 
p-toluenesulphonate reveal the 0-0 linking as the weakest part 
of its structure. For example, it does not yield aniline on treat- 
ment with ammonia. 

During this investigation it was also observed that phenyl 
p-tolucnesulphonate would not react with potassium acetate in 
ethyl alcoholic solution, although under the same conditions ethyl 
p-toluenesulphonate rapidly produced ethyl acetate. 

As an explanation of the reaction, Ferns and Lapworth put 
forward the suggestion, outlined above, that an exchange of radicles 
occurs, an 0-S linking breaking in the process, and the sodium 
phenoxide and ethyl p-toluenesulphonate produced reacting in 
the usual manner. 

Assuming this explanation to be correct and applying it to the 
reaction hi* tween the potassium derivative of /-benzvlmethyl- 
carbinol and phenyl p-toluenesulphonatc, we should expect the 
following sequence of reactions to take place : 


A. c ‘ H »5>c<5 K -r CA-01S0 2 -C 7 IT, 


fjlIi'CIIjXpxII j- n h -OK 


„„ r , , c«h.-ch, w h 

C 6 H 5 -OK r 5 


c. 


ch;> c <u‘c 6 h 5 :K0 - S0 ^^ 

d* 


Since we have adopted the suggestion that an exchange of»radicIes 
occurs as indicated by tin- dot tod lines in A. the potassium deriv- 
ative of the /-alcohol and phenyl p-toluenesiilphonate will give 
rise to f-benzylmethylcarhinyl p-tolucnesulphonatc and potassium 
phenoxide. These products will react (11) and the phenyl ether 
of l>enzylmethylcarbinol will be produced with inversion of con- 
figuration, it being assumed that sodium ethoxide and potassium 
phenoxide react in an identical manner with the /-sulphonate. 

Two experiments could therefore be performed. The potassium 
derivative of t(ie /-alcohol could he allowed to react with phonvl 
p- toluenes u lphonat<' (A), or potassium phenoxide with /■ benzyl- 
met hylcarhinvl /Moluvnesulphonato (11). *lhey would virtually 


/. mitl </. a mfigurfitior.fi. 
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be identical reactions, the phenyl ether of the alcohol hffing pro- 
duced during each experiment with inversion* of configuration, 
and therefore the sign of rotation of the ethers obtained should 
be the same.* 

Should, however, the explanation be incorrect, that is, should 
phenyl p-toluenesulphonate react in the same manner as ethyl 
p-toluenesulphonate, it would, when treated with the potassium 
derivative of the /-alcohol, produce a phenyl other without con- 
figurative change; and there would result in the two experiments 
outlined above phenyl ethers of opposite sign. 

Experimentally it was found that whether the reaction was 
commenced as indicated in A, or, its course being anticipated, as 
in B,* the phenyl ethers produced had the same sign of rotation, 
both being dextrorotatory. 

If therefore, the assumption is made that potassium phenoxide 
and sodium ethoxidc react in the same manner with the /-sulphonate, 
these two experiments give considerable support to the view of 
the mode of reaction of phenyl p-tolucnesulphonate put forward 
by Ferns and Lupwnrth. 

Discussion of Results. 

McKenzie and Clough (T., 1913, 103, (1ST), by effecting the 
interconversion of the optically active phcnylmcthylcarbmnls, 
showed for the first time that the phenomenon of the Walden 
inversion was not confined to e impounds containing a carboxyl 
or carbnalkyloxy-gnmp. Research on the Walden inversion lias, 
however, been mainly confined to carboxylic acids containing also 
an amino- or a hydroxy-group, or a halogen atom. During the 
reactions of these compounds involving the complete removal of 
a group attached to the asymmetric carbon atom a certain amount 
of displacement ” racctnisation (Sentcr, Drew, and Martin, T., 
1918, 113, 150) occurs. The compounds are also liable in some 
cases to undergo “catalytic" racemisatiwi, which renders their 
isolation and purification without loss of rotatory jw>wer difficult. 
When, therefore, the optical cnantiomorph of such compounds is 
obtained after two displacement reactions, a determination of its 
rotatory power dries not truly indicate to what extent the 
“ abnormal “ reaction predominates. 

If, however, the series of reactions described in the interenn ver- 
sion of the enantioinorphouslv related henzyliiicthylcarhinols In- 
examined, it will be seen that, throughout, the compounds involved 
stable both as regards their chemical ?nd their optical pro 

* Using? however, sndnm pl|cnnxiil«> ih*tunl of j >1 o n wx 


are 
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perties.’ They are compounds which can withstand without 
catalytic racemisation the experimental conditions which they 
are subjected, and also at one stage only (the interaction between 
the d-sulphonate and potassium acetate) is any displacement 
racemisation likely to occur. 

To this fact is partly due the observed completeness of inversion, 
and, moreover, it points to the stage at which the “ abnormal ” 
reaction occurs as the source of the very slight decrease in rotatory 
power, which is approximately 2 per cent. 

This decrease is so small that it must be carefully borne in mind 
during any attempt to explain the mechanism of this particular 
reaction. The tendency for the reaction to occur in a definite 
manner accompanied by inversion of configuration is obviously 
overwhelming. Jn other words, it can be said that the group 
entering the asymmetric molecule is compelled to occupy only one 
position relative to the other three, and this is a position which 
entails conligurative change. 

This position, it seems possible to assume, corresponds to a 
portion of the surface of the asymmetric carbon atom which is 
potentially unsaturated. An examination of the constitutional 
formula (VII), together with a knowledge of the fact that the 
sulphonie ester exhibits a strong tendency to lose the elements of 
the corresponding sulphonie aeid. enables this possibility to he 
visualised. 


A’-CIL 
/ j 3 

ryi.-nr, ,<> ° 

• ; '.ll -VI 11.} 

ru/ V 

StVC-H- 

• 

It is postulated that under certain conditions, such as increase 
of torn jicrat tire, the sulphonie ester molecule assumes an active 
condition, arising through the weakening of the attachment of the 
a- hydrogen atom to the asymmetric carbon atom: this weakening 
being due to the ester oxygen atom of the OSOyCAI, group 
exerting its residua! valencies. 

The ester molecule, then, in its active condition contains a 
hydrogen atom held partly by the residual valencies of the ester 
oxygen, atom and partly by the valency of the asymmetric carbon 
atom. Thus the portion of the latter afmn to which the hydrogen 
is now but loosely linked i> in pos>essj«m«of residual valency. It 
is {xistiilated that, in an alcoholic solution of potassium acetate, 
an indirect “abnormal reaction takes place by the addition of 


(VII.) 


(TL 


V- 11 

/ o 
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a molecule of potassium acetate to this unsatu rated portion through 
the agency of the carbonyl oxygen atom which it contains (VIII). 

The ot-hydrogen atom is displaced by the potassium and the 
acetyl group usurps the whole aiHnity of the portion of the asym- 
metric carbon atom to which it was previously only loosely attached. 
The potassium p-toluenesulphonate formed during this displace- 
ment leaves the molecule, the hydrogen liberated during its form- 
ation occupying the position thus vacated (IX). 


/fr clI 3 

c 5 h 5 -ch 4X/ o 0 

(TX, Y 

ch/ 6 

■scvc-ir, 


C c H 5 ‘CH 2 \ * K OPO-CIL. 

),yh 3 

/ „ « 


OIL 


»soyC ; rr 7 


It is suggested also that a direct reaction ran occ an extent 
sufficient to account for the observed loss of rotatory power. 
Commencing as before with the molecule of the sulphonie ester 
in an active condition, it is assumed that it is approached by a 
molecule of potassium acetate, possibly in an ionised condition (X). 
Xo addition occurs at the unsaturated portion of the surface of 
the asymmetric carbon atom, but instead, the potassium atom 
displaces the a-hydrogen atom, which assumes its normal state 
and position in the molecule (XI). 


C 6 H 5 -CII 2V /II 

y k oeocir, 

ch/ o 

»S(VC 7 H 7 

(XI.) 


e c H 5 -CH,. 

ch 3 


/ 

A H KO*S(VC-H- 
/ \o “ 

COCH, ‘ 

(XII.J 


Pot ass mm p-toluenesulphonate is then eliminated from the 
molecule, leaving the acetyl group to enter the position vacated 
by the group OS 0/C- H- (XII). 

This would leave an acetic ester of the same configuration as the 
original sulphonie ester. 

In each of these hypothetical molecular interactions the form- 
ation of potassium p-toluenesulphonate in the complex and its 
subsequent departure do not necessarily imply that only three 
valencies of the asymmetric carbon ’atom are utilised at any par- 
ticular instant. This ‘salt, 'when formed, can still remain moment- 
arily attached by the residual valencies of the ester oxygen, and 
moreover the portion of the asymmetric carbon atom by which it 
js thus loosely held would be in a partly unsaturated condition. 
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It would therefore be likely that the atom or group set free 
through the formation of potassium p-toluenesulphonate would 
he attracted to this position. The arrangement with ip the bi- 
molecular complexes before final disruption occurs call therefore be 
represented as follows : 


H 


CH, 

/c:o 


x 


Vu/\) 

KOyC-H? 


CHv 


II CH, 

C'O — c;o 
K 

'O 

so,«c,h t 


It is conceivable that a certain proportion of such molecular 
interactions may miscarry at one or other of the stages through 
which, it is suggested, they pass, and in such cases an unsaturated 
hydrocarbon Mill result. 

Experimental evidence of the formation of varying 'amounts of 
an unsaturated hydrocarbon lias been obtained; in attempting 
to prepare the ethyl ether of benzyl i net hylcarbinol from the corre- 
sponding sulphonate, if sodium ethoxidc be used instead of potassium 
carbonate, the product consists almost entirely of such a compound, 
this being due presumably t»> the too rapid withdrawal of the 
elements « if the sulphonie acid from the molecule. 

It will be noticed also that the explanation of these reactions 
depends on the presence in the ester molecule of a detachable 
hydrogen atom linked to the same carbon atom as the 0*S0 2 *C 7 H 7 
group. 

Kiom these assumptions it would follow that ethyl p-tolucno- 
sulphonate, CH.pt 'II/O’SOX’-IL. should react readily with potass- 
ium acetate in alcoholic solution, whiUt phenyl p-toluenesulphoiiate, 
( should only read with ditlieulty, if at ifll. This 

conelusion is completely borne out by experiment. 

An explanation is .'.till required to account for the slight loss of 
rotatory power observed during the reactions involved in the 
preparation of the ethyl ethers. 

In this connexion it is noteworthy that the loss of rotatory power 
is the same, whether these compounds are prepared through the 
agency of the sulphonie ester of the optically active alcohol, or 
of ethyl p-toluencsulphonatc. * This ease therefore permits of a 
different explanation from that advanced in the case of the esters. 

Bearing in mind the supjmsed anomalous behaviour of phenyl 
p-toluentsuljihonalc {;•>. -I ! # I . it is populated that, in the reaction 
between ethyl p-tulueiieMilphoiute and the potassium derivative of 
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benzylmethylcarbinol, there is a tendency for an exchange of 
radicles to oc^ur : 

d. 

C,H; I -O-'si.-CjH, + K 1 0— CH<£&’°« H « ^ 

“ | ; .** | | 

Y 

d-Ethor. 

d. 

C 7 H 7 -SO, 0- i OU<^ 2 ’°5 H 5 4. C.,H 5 -0 I K 

y " y 

I 

Z -Ether. 


The sulphonic ester exercises its ability to decompose with 
breakage of an O-S linking and the exchange occurs as indicated 
by the dotted lines. That the amount of interchange would be 
small is accounted for by the ease with which ethyl p-toluenc- 
sulphonate -reacts with the potassium derivative of the alcohol 
and hence the rapidity with which the rf- ether is produced. The 
yield of /-ethyl ether from the right-hand side of the equation will 
necessarily be small, but since the “ abnormal M reaction results in 
a product of almost full activity, the amount produced need not 
be large to cause the small loss of rotatory power observed. 

This explanation is presumed to be equally applicable to the 
interaction of d-benzylmethvlcarbinyl p-tohicnesulphonate and 
ethyl alcohol in the presence of potassium carbonate. 




11 v 


l-v.ihi 


Et 0* 


SCM'.II, • ( '« H ^!]CX’1I , <> 11 


d-Ktlu r. 


In the above formuhe the dotted lines indicate tin* method of 
exchange and the arrows the double decomposition. 

Again, it is evident that the extent to which reaction takes place 
between substances on the right-hand side of the scheme will not 
be large under the conditions of the ex[>eriment. It is signilieant, 
however, that if the reaction is carried out in the presence of potass- 
ium acetate, which would react with any ethyl p-toluciiesulphonatc 
formed, the product has a higher rotation, that is, less r/- ether is 
produced. 

It will he seen that tin ^ explanations arc in accordance with 
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the view which has been frequently advanced, that a reaction 
which results in configurational change proceeds indirectly, being 
preceded by addition, whilst a normal reaction involves direct 
substitution. That the decrease in rotatory power or racemisation 
which accompanies reactions in which the phenomenon of Walden 
inversion is observed is due rather to the simultaneous formation 
of the product possessing both d- and f-con figurations has also 
been previously postulated. Holm berg (Arkiv Kem. Min. Geol ., 
1016, No. 8, 6) has shown that when chlorosuccinic acid is con- 
verted into xanthosuccinie acid the reaction follows two courses 
simultaneously : 

^ d-xanthosuccinic acid 

l-Bromosuccinic acid 

^ d-malolactone — > Z-xanthosucciuic acid 

Similarly, Senter and his collaborators (T., 1015, 107, 638 etseq.) 
showed that the action of ammonia on halogen-substituted acids 
yields both d- and amino-acids. 

The explanation given of the small loss in rotatory power which 
accompanies the inversions described is perhaps so far based on 
meagre evidence. It is evident, however, that the predominance 
of the reaction which results in inversion of configuration prevents 
acceptance of the view that it occurs with racemisation. The 
occurrence of racemisation during a reaction suggests a haphazard 
interaction between two kinds of molecule. It is inconceivable 
that such an interaction could result in products of the degree 
of optical purity obtained. 


K X P E R I M E X T A T.. 

d- /?> n zijlm dh ylai rhi n ?jl p ‘Toluem sulphotuitt . - This was pjcparcd 
as required by the interaction in the cold of equivalent quantities 
of the aleohol and p-toliieiiesulplionyl chloride in the presence of 
pyridine. The reaction was complete after twelve hours. On 
pouring the reaction mixture into water, the ester crystallised, 
and after filtration was purified by recry.>Ullisation from glacial 
acetic acid or ethyl alcohol. It had m. p. fit . Itram of 

ester required ti lOtjT gram of .-odium hydroxide for complete 
hydrolysis, the theoretical amount being O' l U I VI gram. 

The following determinations of it- optical rotatory power were 
made. Tin* solutions were prepared by dissolving about one gram 
of the ester in the solvent and diluting to -Ot’.e. lhe observations 
were taken in u --dcm. tube. 
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Observed rotation. ' [a] A * 

G rams ■s ^ , 

, of \ ‘ \ \ \ \ \ 

Solvent. solute. 5893 5401 4358 6893 5461 4358 

Ethyl alcohol «... 0-5364 -[1-66° 1-84° + 3-30° 30-90* H 34-30° + G1-37 0 

Henzeno 1 0126 2-82 3 15 5 83 27-85 31 11 57-58 

Chloroform 1-0130 2-53 3 05 5-47 24-97 30-09 53*98 

Carbon disulphide 1-0046 3-09 3-75 6-87 30-76 37-33 68-28 

Pyridine 0-9910 2-84 3 4G 5-88 28-59 34-91 59-33 


Reaction between the Potassium Derivative of d-Benzylrndhyl- 
carbinol and Ethyl p-Toluencsulphonate.— Four grams of clean 
potassium were shaken in hot toluene, the latter, when cold, was 
replaced by 200 c.o. of dry benzene, and 15 grams of the rf* alcohol 
were added. When dissolution of the potassium, which was 
hastened by gentle warming, was completed, the mixture was 
cooled, and 40 grams of molten ethyl p*toluenesulphonatc were 
slowly added, a voluminous precipitate, forming. When the 
reaction began to slow down, the mixture was shaken vigorously 
for twenty-two hours. It was then treated with a solution of 
sodium hydroxide and distilled with steam. To the benzene 
extract of the distillate dried with potassium carbonate, 20 grams 
of phthalic anhydride were added, and the solution was boiled, 
the benzene being allowed to distil oft slowly up a fractionating 
column. The residue, having been heated for ten hours at 110 ’, 
was poured into dilute sodium carbonate solution, and after re- 
maining over-night, this solution was extracted with ether. The 
benzylmethylearbinyl ethyl ether obtained from the dried ethereal 
extract was distilled under reduced pressure, and after three frac- 
tionations 9 grams wore obtained: b. p. 92 IKT/LO nun., (f;‘ 
0‘91C>8, ri£ xlC 1*4848, and -p 19 84 ’. 

Reaction blivet n Sodium Ethoxidc and Benzylmethylearbinyl 
p -Toluuietsulphonate. -The most successful experiment of this 
series was conducted as follows: Twenty grams of the sulphonie 
ester (prepared from a sample of partly active alcohol with a!; u 
— 7‘82 0 and having [*];$,;, — 0 92" in benzene) were dissolved in 
100 e.c. of anhydrous ethyl alcohol, and while the solution was being 
warmed on a water-bath a solution of 2 grams of .sodium in 50 c.c. of 
alcohol was added during three and a half hours. The alcohol 
was then distilled off through a column, the residue poured iuti> 
water and the oily layer which formed extracted with ether. Tim 
product obtained from the dried ethereal extract was repeatedly 
distilled and gave two main fractious. 

Fraction A, b. p. (12— (fe . 1-1 min., amounted to 3 grams, it was 
optically inactive aftcj four redistil tat ions. It rapidly decolorised 
bromine water, had 1 l , cfy 0’904o, \ind was an unsaturated 
hydrocarbon. 
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Fraction B t b. p, 85 — 88°/14 mm., closely resembled the ethyl 
ether of benzylmethylcarbinol. About 1*5 grams were obtained 
having «£, + 4 12°. * . 

Reaction between d-Benzylrndkijlcarbinyl p - Toluenesu frphomle and 
Ethyl Alcohol in the presence of Potassium Carbonate— K mixture 
of 20 grams of the ri-sulphonic ester, prepared from the pure 
d-alcohol, 150 c.c. of absolute alcohol, and 20 grams of dry, finely 
powdered potassium carbonate was heated under reflux for thirty* 
seven hours. The alcohol was then distilled off and the residue 
poured into water. The oil which separated was extracted with 
etfler. Since benzylmethylcarbinol might have been formed during 
the reaction by hydrolysis of the sul phonic ester, the product was 
heated with phthalic anhydride for ten hours at 100 — U0 5 and 
poured into sodium carbonate solution, from which the required 
product was isolated in the usual way by extraction with ether. On 
distillation a very small* quantity of a hydrocarbon was isolated. 
The main fraction, 0*9 grams, boiled at 85 — 100 3 /20 mm. After two 
distillations, the mixed ether (5 grams) had b. p. 92 — 94 2 /20 mm., 
df y 0*9177, flj, 14878, and a^, ;1 — 19 90 which was unchanged by 
subsequent distillation. 

Reaction between d- Be n zyhn <th ylca rh i n yl p~TolaenesuJpho?iale and 
Potassium Acetate .-— ' Thirty grams of the pure (/-ester were dissolved 
in 150 c.c. of absolute alcohol, and 21 grams of freshly fused potass* 
ium acetate wore added. The elear solution obtained on warming 
soon became clouded by a gelatinous precipitate, which rapidly 
changed to white, crystalline plates. After six hours* heating under 
reflux, the alcohol was distilled off and the residue poured into water. 
The oil which separated was isolated with ether in the usual manner. 

On distillation, a small fraction, b. p. below luu lb nun., was 
obtained, the main fraction, 1 4 8 grams, boiling at luff — 113'/1G 
mm. After three fractionations, 7*8 grams of /-benzyl methyl - 
carbiny! acetate, b. p. 112— 114' IS mm., were isolated liaving 
d*” 0*9978, 1 *4SS I , and *fj r;l — 7 Ub . 

On hydrolysis with sodium hydroxide, T0GG0 grams required 
0*2391 gram of XaOH (theory 0 2395 gram). 

The remainder of the /-acetate was hydrolysed in alcoholic 
solution. The regenerated /-benzylmethylcarbinol bad b. p. 
I OS', 2 1 nun., and tV; ;| --321S, whereas the rf-alcohol vised for 
the preparation <»f the sulphonate liael z';l- - 3 - 33*02 . 

The lower- bt a ling portions of the distillate were heated with 
alcoholic sodium hydroxide and from the pfoduct any active alcohol 
present was removed in the usual way with phthalic anhydride. 
The product obtained was separated by distillation into two 
fractions : A. b. p. 78 79 2n nun., 11. b. p. 90—95 20 iflrn. 
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A weighed about 1*5 grams and consisted mainly of an un- 
saturated hydrocarbon. B,. when redistilled, had b. p. 93°/19 ram., 

1 4900, d? 0‘9230, and «&, - 10-96° in a 50-mm. tube. 
Its refractive index and density are thus both somewhat higher 
than those obtained for the ethyl ether of bcnzylmethylcarbinol 
by the other methods. 

This experiment was repeated using a partly active alcohol 
{=& — 7*82°), which gave a p-toluencsulphonate having [»],*,! 
— 6*92° in benzene solution. Twenty grams of this ester, dissolved 
in 120 c.c. of alcohol, were heated under reflux with 14 grams of 
potassium acetate; 3*8 grams of bonzylmethylcarbinjd acetate 
were isolated, b. p. 107°/14 mra., dj? 0*9968, n%. 1*4897, and a^ ;i 
-f 2*0°. On hydrolysis it yielded a bcnzylmethylcarbinol having 
a iwi ~r 7-44". 

Other products of the reaction were a hydrocarbon and the ethyl 
ether of bcnzylmethylcarbinol, which were not completely isolated 
owing to the small bulk of the mixture. 

Reaction between Benzyl met hykarbi nyl y-Tohienrsulphonate and 
Potassium Acetate uhen dissolved in Glacial Acetic Acid . — Nineteen 
grams of the sulphonate ([*]., w: — 6*92° in benzene solution), 
prepared from an alcohol having —7*82°, were dissolved in 
100 c.c. of glacial acetic acid. The mixture was warmed for twenty- 
four hours on a water-hath and remained quite clear. It was 
poured into water, the acid neutralised with sodium carbonate, 
and the solution extracted with ether. The product obtained 
from the ethereal extract was carefully fractionated. After three 
distillations, 5*7 grams of benzyhnethylcarbinyl acetate were 
obtained which had dy 0*9961, irp ! 4S96, and 4-106. 
This on hydrolysis gave an alcohol having a£ <n 3 74°, ip. 
1*5214, andVf () !)879. 

Reaction betaken Benzyl methyl corbin if l \>-T 61 ucnc sulphonate and 
Potassium n-Valerate . — Potassium n- valerate was ] ire pared by 
neutralising w-valeric acid with the theoretical quantity of potassium 
carbonate dissolved in the minimum of water, and evaporating the 
mixture to dryness. Forty grams of the residue were dissolvtsl in 
182 grams of absolute alcohol and 90 grams of benzene, and t li»* 
solution dried by distillation until the temperature was 78*3 
Thirty grams of the sulphonate prepared from benzylniethylrarbiira! 

— 24*94 ) were added to the alcoholic solution, and the mixture 
was heated under reflux for six hours. On isolation of the product 
as described in previous experiments, 9*5 grams of benzvlmethvl- 
earbinyl w -valerate were obtained, 1>. p. 147 IIS 19 mm.. d t 
0-9605, 1"4S 17, a:id • 9'76 . Oh hydrolysis, it gave an 

alcohol Having PI , ! 23 9S ’. 
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During this reaction also, the lower fractions obtained were 
small in bulk and consisted largely of- benzylmethylc4rbinyl ethyl 
ether. 

Reaction between Sodium Pkenoxide and Bcnzylmthylcarbinyl 
p -Tolueimulphonalc. — To a solution of sodium phenoxide in absolute 
alcohol prepared from 5*0 grams of phenol and 1 '35 grams of 
sodium, 17 grams of bcnzylmethylearbinyl p-toluenesulphonate, 
prepared from a partly active alcohol (*£ Jt — 6 - 44 c ), were added, 
and the mixture was heated under reflux for four hours. The 
alpohol was distilled off, the residue poured into a dilute solution 
of sodium hydroxide, and after extraction with ether, fractional 
distillation of the product gave two main fractions : (1) an un- 
saturated substance, about 2 grams, b. p. 68 — 70 '/14 mm. ; (2) benzyl* 
mcthylcarbinyl phenyl ether, 4 grams, b. p. 156 — 157 c 14 nun., 
+ 1412°, df 1-0288, ??‘f; 1‘5573, and \RJ*» 66*40 (calc. 65*91). 

Reaction between Phenyl p-ToUiencsulpkonate and the Potassium 
Derivative of Benzylnuthyleaebinol. — Twelve grams of partly active 
alcohol — 0*44 ) were added to 12ft c.c. of dried benzene, in 
which were suspended 3 grams of finely divided potassium. When 
all the metal had dissolved, a benzene solution of 20 grains of 
phenyl p-toluenesulphonate was added. The solution remained 
clear for some time, then a voluminous precipitate suddenly formed. 
The mixture, having been heated under reflux for five hours, and 
sodium hydroxide added, was distilled with steam. The distillate 
was extracted with benzene, and the residue from the dried benzene 
extract distilled. Three fractions were obtained : A, b. p. 70 — 
80*717 mm. (less than 1 gram). I>. 1). p. ln.T 17 mm. (7 grams). 
C, b. p. 157 -Hio 17 mm. (15 grams). 

A appeared to be identical with the hydrocarbon previously 
obtained. B was U-nzylinethylearbinoI having r'.,- —4*30', 
whilst C was similar to the phenyl ether obtained in the previous 
experiment and had 10'2(> . 

Although the sign of rotation of this ether is definite, the magni- 
tude of the rotation is not above suspicion, since the small amount 
obtained made rllicient publication diliieult. 

The author desires to express his thanks to Dr. R. H. Pickard, 
P.R.S., ami Dr. d. Kenyon for 1 heir guidance during the course 
of this research, and to acknowledge the receipt of a personal grant 
from the Department of Scientific and Industrial Rrscaieh. The 
materials used wen* purchased in. part with a grant made by the 
government <»Tant Commit toe of (lie Hov.^1 Society. 
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FARNELL I NITRATION OF 3-CHLOROACENAPHTHENE. 


VI * — Nitration of 3 -Chloroaccnaphthene. 

By Gladys Farnell. 

In the nitration of 3-chloroacenaphthene, described below, a 
uniform product was not obtained, and it can be shown that the 
nitro-group has taken up alternative positions. 3~Chloro-4-nitro- 
acenaphthcne, m. p. 136 — 138°, was isolated, and its constitution 
proved. A second product, not entirely uniform and melting at 
ICO — 1G6 J , was obtained, and this also appears to be a mononitro- 
derivative of chloroaccnaphthene. 

Nitration. — Twenty grams of 3-chloroacenaphthene, m. p. G9°, 
prepared by Crompton and Walkers method (T., 1912, 101, 958) 
and purified by distillation and crystallisation from alcohol, were 
dissolved in the minimum quantity of glacial acetic acid, and 
4 4 c.c. of nitric acid (d 1*5) so added, with vigorous shaking, that 
no appreciable temperature change occurred. The liquid, which 
changed from yellow to red, deposited crystals, long, pale yellow 
needles after three hours and, later, spherical clusters. By repeated 
crystallisation from alcohol, it was possible to isolate from the 
crude product the two compounds already mentioned, melting at 
1G0 — 166 3 and 136 — 138°, respectively, which arc formed in about 
equal quantity. The final yield of the latter was only 10 per cent, 
of the theoretical; attempts to improve the yield by varying the 
conditions of the nitration were not successful [Found : N 6*07, 
6*06; Cl, by the lime method, — 15*23, 15*08, by Ilosrnmimd’s 
method (Ber. t 1 0 1 S, 51, f>7S), 15*30. (_y,lI 8 0.,Nl.'l requires 

X = 6*02; Cl — 15*20 per cent.]. 

The results indicate that the compound is a mononitrochlorn- 
acenaphthene. A study of its reduction products served to establish 
its constitution. 

Jtfduftion . — The chloronitroacenaphthenc was first reduced with 
sodium hyposulphite by Sachs and Mosehaoh’s method (/Yr., 
1911, 44, 2855). The product after purification by crystallisation 
from hot water was colourless and melted at 145 (Found : Cl, hv 
Rosonmund’s method, — 16*89. G 12 H 8 XCj requires Cl - 17*45 ])er 
cent.). 

Ckloroaminoacrnaphthme crystallises in fine, colourless needles 
from w ater, alcohol, or alcohol water mixtures. It darkens on 
heating or on exposure to light. Its solutions are coloured blue 
by ferric chloride, and, \n the presence of acid, give a green pre- 
cipitate with sodium njtritc. In these points it closely resembles 
the ordinary aimnoaccnaphlheiie, in which; as shown by Gracin' 
, (.■lniMi/cn l *1903 l 327, 81), the amino-group is in the position 3 
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(or 4). This analogous behaviour suggested that the amino-groups 
in tho two compounds are in similar positions, whiclf could only 
be the case if the nitro-group had originally entered 3-chIoro- 
acenaphthenc in the position 4. Were this so, the replacement of 
the chlorine of the above chloroaniinoacenaphthenc by hydrogen 
should yield the familiar 3-ami noacenaphthenc. 

8uch a replacement occurs in the reduction with hydrogen 
described above, but a simpler method of arriving at the same 
result was discovered in the direct reduction of the original eliloro- 
nitroacenaphtheno. This compound was reduced with hydrogen 
in4he presence of palladium. It was found that, in addition to 
the removal of the chlorine, the nitro-group was reduced to an 
amino-group. When purified, the amino-compound thus obtained 
resembled 3-aminijaccnaphth<m > perfectly in its appearance and 
behaviour. It melted at 107 alone or mixed with this substance, 
and gave the colour reactions with ferric chloride and sodium 
nitrite already described. It is therefore the aminoacenaphthene 
of known constitution, with the amino-group in the position 3 (or 4). 
The production of this compound bv the direct reduction of the 
ehloronitroac* naphthene, melting at 13b — I3S 5 , in which chlorine 
is in the position 3, proves that the nitro-group is in tho position 4. 

On oxidation with chromic acid, it gives the corresponding cMoro- 
nitronaphlhnlic tic i/l . This was obtained as a yellow powder, and, 
on crystallisation from glacial acetic acid, it gave pale yellow, 
shining leaflets of the anhydrirfr (Found : X - 4 69. CjJ^OjXCI 
requires X - : .V04 per cent.). Sodium, calcium, and barium salts 
were prepared, and the calcium salt was analysed (Found : Ca = 
1F76, 11-09. CjrtlJjOftXOCa requires Ca - 11*99 per cent.). 

The compound melting at 10H — UH> . formed along with the 
above chloronitroacenaphthone in the nitration of 3-chloroacenaph- 
them*, was not obtained in sufficient quantity in a pure state for 
its complete examination. It was found to contain Ir04 per cent, 
of nitrogen, and therefore is probably also a mnnonitrochloro* 
accnaphthcno, or a mixture of such compounds. 

This work was suggested to me by Mr. H. Crompton, and I am 

ndebted to him for guidance in carrying it out. 

ilF.M OKU Coj.lkok, 

KkuKNT’s P.m:k, X.W. 1. [liirnvul, Xovanlu 0th, l&ii.] 
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VII .—The Chemistry of the Glutaconic Acids . 
Part XIII. The Isomerism due to Retarded Mobility. 

By Jocelyn Field Thorpe and Arthur Samuel Wood. 

Early tins year, Feist (Annalen, 1922, 428, 25) published a 
theoretical discussion of the evidence which lias accumulated 
during the past seventeen years regarding the structure of the 
glutaconic acids and reached the general conclusion that the 
isomerism of these acids is of the “ ordinary ” geometrical type 
and that the adoption of a symmetrical formula for glutacopic 
acid is unnecessary. He supports his conclusion by some further 
experimental work embodied in three papers (with Brcuer, ibid., 
59, 08; and with Brener and Lubricht, ibid., 40), in two of which 
he deals with the products formed by the decomposition of the 
ozonides of certain acids of the series, and', in the third, with the 
question of the existence of the three iso me rides of p-phcnyl-x- 
methylglutaeonic acid isolated by us (T., 1913, 103, 1574). 

Feist gives an excellent summary of the experimental facts 
which have led to the conclusion that the formula) of glutaconic 
acid, and those of its derivatives which contain a mobile hydrogen 
atom, must differ from those of the ordinary unsaturated dicarb- 
oxylie acids in some fundamental maimer, but, unfortunately, he 
does not criticise these facts or their theoretical bearing in detail, 
and therefore it is ditlicult to follow his general reasoning. Never- 
theless, it would seem that our views and his arc not, in reality, 
very different, because when lie says that “ the absence of a second 
form of glutaconic acid is readily explicable on the assumption that 
the double bond changes position/ 1 lie can only mean that the 
absence of isomerism is due to symmetry, because it is obvious 
that any movement of the double bond in glutaconic acid will 
prod u A* — as does the movement of the double bonds in either 
of the Kekulc benzene individuals a substance having an identical 
space formula, it is true that he guards himself by the alternative 
ocler aussehliesslieh die stabileiv fswjM-moditicatiun bihlen wini. 
but, of course, this cannot he the ease, lieeauso the only known 
form of glutaconic acid is a os-form, that is, it readily passes into 
tht anhydride, a behaviour which is quite different from that of 
the known /ra/w-forms of the series, such us fru/js-ax-dimethy!- 
giutaconic acid or frawK-xx^-triiviethylglutaenme acid, which d" 
not form anhydrides, qr, for the matter of that, of the tnuo 
modification of ^-phenyl-x-methylglutaeonie acid, which he himself 
mentions in his paper* 

In hit ozone experiments, Feist prepares the ozonides of the twi 
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forms of, ap-dimethylglutaconio acid and of his two forms of 
{^phenyl-a-methylglutaconic acid and studies the products obtained 
from them on degradation . I f , howe ver, *such evidence were accepted 
as proof of structure, the formula of benzene would, have been 
settled when Harries carried out his classical researches on the 
formation and degradation of its ozonide. Still, the experiments 
described by Feist are instructive, because they show that the 
ozonides from both the “ c/.$ ” and “ trans ” forms of ethyl fi-phenyl- 
a-methylglutaconate yield the same four products and that two 
pairs of these are those which would normal!}' have been derived 
from two esters having the formulas C 0 2 H t * 0 H 2 • C Pin C Me ■ C 0 2 K t 
and COgEt’CH.'CFh'CHMe'COjjKt, respectively. In other words, 
the behaviour towards ozone is exactly that which one would 
expect if the esters had reacted in the “ normal ” form. Finally, 
Feist has succeeded in isolating only two forms of fi-phcnyl-a- 
methylglutaconie acid. One of these is the {raw-labile modification 
(m. p. 155°) described by us (loc. cit.). The other melts at 151° 
aiid is evidently a cM-aeid, because it is readily converted into an 
anhydride (in. p. 04'). The two other acids of this formula pre- 
pared by us were the “normal” aeid {rn. p. 120 ) and the cis- 
labile acid (m. p. 108 ). Feist considers that these two acids are 
impure specimens of his acid (m. p. lol ), and attempts to prove 
his point by determining the melting points of varying mixtures 
of the /raw-labile aeid (m. p. loo ) and his aVacid {m. p. 151). 
As our acids were made by tin* hydration of the pure anhydride, 
it is not possible for them to have contained any of the trnns- 
modification. Moreover, our acids were pure compounds and the 
repeated recrystallisation of s|>ceimeiis which remained in our 
possession has failed to alter the melting points given above. The 
explanation of the discrepancy in our results and those of Feist 
without doubt rv.>ts on the fact that the anhydride (hydroxy- 
anhydride) prepared by Feist from his aeid melting at 15V is a 
different substance from that prepared by us from the acids melting 
at 120“ and los , respectively. The two anhydrides melt at much 
the same tem|K*ratun\ but they react very differently on hydration, 
and although we have not sucereded in isolating the pure anhydride 
prepared by Feist, we have been able to show that our anhydride 
is, at any rate partly, converted into Feist s anhydride when 
it is distilled under diminished pressure. This follows, because a 
specimen of our anhydride which before distillation gave, on 
liydratioiK the acids melting at 120 ami 10^ as sole products, 
yielded, after distillation, a mixture of acids from which we were 
able to isolate a small quantity of Feist's Ws-acid melting at 151 \ 
It is evident, therefore, that in a glutaeonie system such as that 
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which is contained in the molecule of p- phenyl- a* met hylglutaconic 
acid, the mobility of tho hydrogen atom is so far decreased as to 
render possible the isolation of two forms of the hydroxy-anhydride 
which can he represented by the formulae I and II. 

CMc-CO 9M<£C(OH) ^HMe-C0 2 H 

. CPh 0 CPh x O CPh 

CH-C(OH) CH-CO CH*C0 3 H 

(t.) * (II.) (HIO 

M. p. 94 3 (T. and W.). M. p. 93 — 94° (F.). cia-acid, m. p. 151” (F.). 

The hydroxy-anhydride (II) gives, on hydration, Feist’s acid (III), 
and the hydro xy-anhydride (I) a mixture of the “ normal ” acid (IV) 
and the c is- labile acid (V) ; the /m«.s-acid being represented by (VI). 

•CMe-CO.H CMc*C 0 2 H CO a H-CMe 

CHPh “ CPh “ yPh 

‘CH'COJI CH^COjjH CH 2 -CO,H 

*(1V.) * (V.) * (VI.) * 

M. p. 120 3 (T. and \V.). II. p. 10S’ (T, and \\\). M. p. 155 (T. and \V., F.). 

Two other compounds of this formula should also be capable of 
isolation, namely, the trans - acid (VI 1) corresponding with Feist’s 
cis-acid (Ul), and the *’ normal ” anhydride (VIII), 

CHMe*C0 2 H -CMc-CO 

(VII.) CPh HyPh 0 (VIII.) 

COoH-CU -CH— CO 

hut we have not as yet been able to isolate these substances. 

From these experiments it would appear, therefore, that a 
glutaconic acid, in which the presence of groups in the three-carbon 
system so far retards the movement of the tautomeric hydrogen 
atom as to enable it to remain within either the three-carbon 
system or one or other of the systems (MX), can be isolated in 
live forms- two fm/ia-, two ctV, and one normal.” 

The Imperial 1’om.koh or Science am* Technology, 

Kensington. Jiin irtd , l)<canlnr 1 si , ly22.j 

* Tho structures of tho compounds marked * ure, wo consider, fixed by 
tho fact that tho three acids IV, V, and VI give ^ohutenyllwiizi in , 
CHMi*:CFhCH 3 , when they art* hoi led with dilute no rural acid (compare 
Thorpe and Wood, Jog. 1572). 
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VIII. — The Higher Oxide of Cobalt . 

By Oweh Rhys Howell. 

The precipitation of a higher oxide of cobalt from solution by 
means of alkali and an oxidising agent has received considerable 
attention (Bay ley, Chan. Xeus\ 1879, 39, 8L; Carnot, Compt. 
raid., 1889, 108, 610; Schroder, Chart. Zcntr ., 1890, i, 931; Vort- 
mann, Ber 1891, 24, 274-1 ; McLeod, Iiep. Bril. Assoc., 1892, 669; 
Mawrow, Z. anorg. Chew.., 1900, 24, 263; Hiittner, ibid., 1901, 
27, 81 ; Metzl, ibid., 1914, 86, 358), but the nature of the oxide 
does not appear to have been satisfactorily established. An attempt 
was therefore made to throw light on the subject by a quantitative 
examination of the precipitates formed by the action of alkaline 
hypochlorites on cobalt .sulphate. In one series of experiments, 
the cobalt salt was precipitated with sodium hydroxide and sodium 
hypochlorite ; in a second series, liuie and bleaching powder were 
used. 

E XPJJRI U E N T A L. 

Materials.— -The cobalt sulphate was free from nickel and con- 
tained only a trace of iron. The sodium hypochlorite was made 
by passing washed chlorine into aqueous sodium hydroxide below 
15° until chlorination was almost complete, a little free alkali 
being left to retard decomposition of the hypochlorite. The 
calcium hypochlorite was prepared by extracting bleaching powder 
with water. 

Method of Investigation . — A solution containing 15 grams of cobalt 
sulphate in 100 c.c. of water was precipitated with the requisite 
amount of alkali and hypochlorite dissolved in 500 e.c. of water, 
after determining accurately the concentration of the hypoejilorite 
(by liberation of iodine) and of the alkali (by adding hydrogen 
peroxide to remove the liypoclilorite and then titrating, due allow- 
ance being made for the acidity of the hydrogen peroxide). The 
mixture was stirred for two hours, during which any excess of 
hypochlorite was decomposed by the catalytic action of the oxide. 
The precipitate was allowed to settle over-night, filtered on a Buchner 
funnel, washed, collected in a porcelain dish, and weighed. For 
analysis, samples of about 2 grains were weighed in small tubes, 
and dropped into a solution of potassium iodide acidified with 
hydrochloric acid; the liberated .iodine 'was titrated and the 
available oxygen calculated. • 

In later experiments' the suspended precipitate was titrated 
immediately after (ho completion of the decomposition of the 
VOL. CXXIIL D 
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hypochlorite without waiting for it to settle. In this way it was 
established fhat the oxide, .once formed, is quite stable, since the 
same value was found for the available oxygen immediately after 
precipitation and after the precipitate had been kept for some 
weeks. 

Action of Hypochlorite Alone . — The follow ing results were obtained 
with sodium hypochlorite free from alkali : 

Table T. 

Equivalents of available oxygen in the 
precipitate. 


Equivalents 

IVr equivalent of 

Per equivalent of 

of XaOCl. 

Co taken. 

Co precipitated. 

0*7 7 *» 

0 471 

1-030 

1-400 

0*700 

1-045 

um 

0-7S9 

1050 

2494 

0-834 

1 050 

3- .170 

0-88.1 

I -048 

4-988 

0*934 

1 053 


The amount of available oxygen was estimated as described 
above and the amount of cobalt in the precipitate was also estimated 
in each case by taking an aliquot part of the suspension of the 
oxide, filtering, washing, and reducing to metal in a stream of 
hydrogen. The composition of the precipitate is seen to be inde- 
pendent of the amount of hypochlorite used, the proportion of 
available oxygen being constant at T03 equivalents. The direct 
action of the hypochlorite is therefore to yield the sesquioxidc. 
which would contain 1 equivalent of available oxygen. 

The results are shown graphically in Fig. I, where the amount 
of available oxygen found in the precipitate is plotted against the 
total amount taken. The slope of the curve indicates that the 
reaction proceeds initially according to the equation 

2CcxS(i, -i- 3XaOCL v H,0 C*> s 0 3 • 0 r iXaHSO, - XaFI - ( L 

the course of which is represented by the tangent (XaOt.'l : CoA)., 

3 : 1) in Fig. 1 (A); but as the amount of hypochlorite is increased 
there is probably an increased tendency to produce neutral sodium 
sulphate, as shown in the equation 

2FoS<) 4 IXaOCl - < 'oj ) { ; l) ; -2Xa 2 S<) 4 : 2(1, 

Since the composition of the precipitate is constant, its content 
of available oxygen is a measure of the amount of cobalt pi t - 
cipitaled; the ordinates denoting this quantity fall away rapidly 
from th»* tangent, showing that a very large excess of hypochlorite 
would be necessary to set-urc complete precipitation of the cobalt. 
This is attribut'd to tlm fact that the part ivies of sesquioxidc apjsMf 
to be coated with a higher oxide which eatalytually decompose,' 
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the hypoohlorite, an action that is specially rapid in these alkali-free 
solutions. * 

Action of Hypochlorite m Presence of Alkali . — A constant excess 
of alkali was used with varying amounts of hypochlorite. The 
results obtained with the sodium compounds are given in Table II 
and those with the calcium compounds in Tabic III. The values 
are plotted in Fig. 1 (B). 


loo. I. 



Tablk 1L 


Available 


NaOH. 

. Na,rO, 

i"tal 

alkali. 

NaOCh 

oxvgrn in the 
prec-ipitato. 

1 4t;t» 

0 044 

1 r>i:t 

Nil 

0 0*50 

1 400 

O f Hi 2 

1*422 

0-320 

o-T12 

I 400 

0-022 

I 422 

o*405 

n-SSti 

1*4*21 

IMllI 

1 452 

o-5i.2 

1*1 10 

1*421 

n-022 

1 (Ci 

0 lint 

1155 

1*4|0 

0*01 1 

1*421 

o-To.'j 

1-102 

i :;4 1 

0*Ol»0 

1*41» 

1 «*51 

1*140 

1-421 

im»22 

1 44:; 

1 i.*l| 

1-121 

1-300 

o 04 :» 

3 ir* 

2-02o 

J-UMi 

l*40ti 

0*022 

1 12S 

5l!'2 

I ()M5 



Tabu; III. 





Available 


Avai la Mo 


(< 

\ygen in tlio 


oxv^on m the 

tttOII),. 


pm ip;taf«\ t '.*> OH 

f i » (k 

jTr-t i pi rate. 

l-l!*2 

Nil 

ooS| I • [>| 

i! ; j;. 

! 151 

1*102 

n 24* 

o-.ViO llv:} 

J <k>: 

l 142 

1*102 


tt>2o i 1*.<2 

2 i«»2 

1*1 M 

1 1st 

o-.’jDT 

1 ih*m 1 :* !,> 

;;irVi 


1-204 

Ui’Mi 

1 112 




it 2 
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la every case tho quantities are given in equivalents per 
equivalent pi cobalt, the equivalent of a hypochlorite being taken 
as the -quantity which contains 8 grams of available oxygen. 
Since, in presence of an excess of alkali, precipitation is always 
complete, the available oxygen calculated on the cobalt taken is 
the same as on the cobalt precipitated. 

It is seen that, owing to atmospheric oxidation of the hydroxide, 
the precipitate contains more oxygen than that supplied by the 
hypochlorite so long as the quantity of the latter is less than the 
quantity (half an equivalent) that is required to oxidise all the 
hydroxide to sesquioxide. If more than this quantity is added, 
oxidation again proceeds beyond tho stage of sesquioxide, and the 
peroxide so formed catalytieally decomposes the hypochlorite. 


Fia. 2. 


i ; r r ' i i 

1 : i | 


; rf*r ■ i 

Ca’u t i ! Of-Juu**.' 

■ 

!“7*- 1 1 r I 

i i 

J 

: sSf ■ ! 

\ ' < 

i 

Y / ; i ! \ i 

L_ M j i_ 


K-juivaUnts oj alkali. 


Since, however, the peroxide appears to be stabilised by the excess 
of allyili (see p. 69), the action of the hypochlorite proceeds 
further than when hypochlorite is used alone, the extent depending 
on the excess of alkali. When still more hypochlorite is used, thf 
available oxygen in the precipitate falls olf towards the slightly 
lower value given by hypochlorite alone. 

Action of Alkali . — A constant amount of hypochlorite was used 
with variable amounts of alkali. The results with the sodium 
compounds are given in Table IV and those with the calcium 
compounds in Table V. The values are plotted in I'ig. 2. The 
two curves are not directly comparable because the precipitating 
solutions were not of thft same coiujiosition in the two cases. 

Both curves exhibit a break at one equivalent of alkali. Up 
this point the precipitation of the robsilf is incomplete, siiir<- i>: 
the absence of alkali a very large excess of hvjKxhlontc is required 
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CO 


Table IV. 

. Available oxygen in the pre- 
cipitate calculated on 




Total 



(ii) cobalt 

NaOH. 

NajCOj. 

ulkali. 

XaOCl. 

(i) cobalt taken, .precipitated. 

Nil 

Nil 

Nil 

1 400 

0-700 


1-050 

0-190 

0-032 

0-222 

1-393 

0-786 


1-059 

0462 

0-020 

0482 

1-393 

0-895 


1-072 

0-740 

0-018 

0-758 

1-400 

1002 


1-075 

0-908 

0-018 

0-926 

1-410 

1-072 


1-089 

1-104 

0-011 

1-115 

1-393 


1-106 


1-502 

0-018 

1-520 

1-393 


M50 


J-910 

0-011 

1-921 

1-400 


1-184 


2-342 

0-042 

2-384 

1400 


1-226 


2-910 

0-023 

2-933 

1400 


1-280 



Table V. 

Available oxygen calculated on 


Ca(OH) r 

Ca(OCl) r 

(J) cobalt taken. 

(ii) c-obalt precipitated. 

0-011 

1-143 

«-ei» 

1-0*2 

0-512 

1 133 

«-8sl 

1-097 

0-821 

1-147 

1-055 

1 125 

1-200 

1-153 


1-140 

1-721 

1-153 


J - 1 .50 

2 278 

1-153 


1 152 

3-206 

1143 


1-150 


to throw down all the cobalt, whereas the precipitation of the 
cobalt by alkali is quantitative. The figures in the last column 
show that the precipitate is in every ease a slightly peroxidised 
sesqui oxide ; the proportion of available oxygen which it contains 
is, however, not constant, hut increases with the amount of alkali 
that is used. In the case of sodium hydroxide, the increase con- 
tinues when the alkali is in excess of one equivalent and is even 
more rapid than when smaller quantities of alkali are being used 
to precipitate the cobalt. In tin* case of lime, this secondary 
increase in presence of an excess of alkali dees not take place, 
dure the .vtive mass of the calcium hydroxide is limited by its 
'paring solubility. 

The lowest figures in the ln>t enlmnn of Tables 1\ and \ are 
dime given by hypochlorite alone, even when present in large 
excess. Some additional factor must therefore he introduced to 
account for the higher degree of oxidation which results from the 
use of alkali. For this reason, it is suggested (i) that cobalt hydr- 
oxide is rnbre readily peroxidised than cobalt sulphate and (ii) that 
tiie peroxide thus formed is perhaps hydroxy la ted, for example, 
OH Co-O'OH, and in this f .rm is more stable than cobalt peroxide 
precipitated directly from solution by sodium hypochlorite* 
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Action of Sodium Carbonate * — A number of experiments have 
been made m which the cobalt solution was precipitated with a 
mixture of sodium carbonate and sodium hypochlorite. Under 
these conditions, an almost black, gelatinous precipitate is obtained, 
and a green* solution, which deposits the black substance slowly, 
but more rapidly on dialysis. The green solution appears to be 
colloidal and gives the Tyndall cone. The precipitate contains 
the carbonate radicle in addition to “ available ” oxygen and 
appears to bo a peroxidised carbonate. This action will be made 
the subject of further investigation. 

Influence of Temperature, — In this series of experiments, \he 
composition of the reacting solutions was the same in each case. 
Both solutions were warmed to the requisite temperature before 
mixing and kept at this temperature while stirred for half au hour, 
(a) Precipitating solution, XaOH 1 35 equivs. NaOCl 1*35 equivs. 


Temp, of precipitation ... 17’ 60’ 80’ 80" t 

Available oxygen M76 M 77 MSO 1-179 MSI 


(b) Precipitating solution, Ca(OH)» 1*-1 equivs. Ca(OCl) 2 140 
equivs. 


Temp, of precipitation 17 3 !>u 3 42* fio* 80° TO 3 1 

Available oxygon 1170 1 • I A 7 l-IOl M06 M67 1 177 


L After boiling for four hours. 

Tt is evident that the temperature of precipitation has practical] v 
no influence on the composition of the precipitate formed. More- 
over, the substance is a very stable one, for even after boiling fur 
four hours there was no decrease in the content of oxygen. 

Influence of Concentration. — fn this series of experiments all 
conditions were constant except the concentrations of the reacting 
solutions. In 13. the concentration was the same as in all previous 
experiments; in A, it was half, and in C double, this value. 

(a) Precipitating solution, N'aOK 1*3.1 equivs. XaO(’l Kklequivs. 

A. B. <’. 

Con rt ontrati«»n half unity double 

Available oxy^-'n 1 17U 1-1,70 11,76 


{b) Precipitating solution. Ca(OH) 2 IT»S equivs. 
equivs. 

A. B. 

Concentration* .. half unity 

Available oxygf'i i *1-117 1 1 70 


Ca(OCl), l-4ii 
<\ 

doubli) 

1 1 77 


* Compare Durrant (V., 1806, 12. 244j and, M Connell and Hum s (\\. 
1897, 7), 680). who havi' examined th«- pri'>ri]:itnl i*m nf mhalt solid inns by 
bicarljonatcs and hypoehh>*\t**s. 



THE RELATION BETWEEN THE CRYSTAL STRUCTURE, ETC, PART I. 71 

j 

It is evident from these figures that the concentration of the 
reactants has practically no influence on the composition of the 
precipitate. 

Summary. 

1. Hypochlorites free from alkali immediately precipitate from 
aqueous solutions of cobalt sulphate a slightly peroxidised cobalt 
sesquioxide of constant composition containing about 105 equiv- 
alents of available oxygen; hut since the peroxide catalytieally 
decomposes the hypochlorite, the precipitation is far from 
quantitative. 

2. When less than half an equivalent of hypochlorite i.s used with 
an excess of alkali, more available oxygen is found in the pre- 
cipitate than was used in the hypochlorite; this is attributed to 
atmospheric oxidation of the precipitated hydroxide. 

3. A higher degree of oxidation is reached with hypochlorite 
and alkali than with hypochlorite alone. This is attributed to 
the formation of a hydroxylated peroxide, by direct Oxidation of 
eobaltous hydroxide. 

4. The temperature has no important influence on the com- 
position of the precipitate. The oxide is very stable, since it can 
he kept indefinitely and prolonged boiling causes no loss of available 
oxygen. 

5. The concentration of the reacting solutions likewise has 
practically no influence on the composition of the precipitate. 

The author would express his thanks to Principal B. Mouat 
Jones and Prof. I\ C, James for giving him even’ facility for carry- 
ing out this work, and to Prof. T. M. 1. nvrv for h\< kindly interest. 

University Uiikmuu. Lab«o:u.>iiy. 

C.VMURIDOK. 

The Kdwari> I)avii:s (’iikmum. T. \ non \ Towns, * 

Am:?tv-TU VTH. Ih 'auUr J/l. 1922.] 


IX. — The Hi hit ion lx i wan the ('njMnl Structure and 
the ('onstt(ution of Carbon ('<nn\*ninds t Part I. 
('ottijx ninds of the Type ( X 4 , 

Bv Isabel Kllik Knauus. 

(VinsiokRino the large number of organic compounds which have 
l>een examined erv*drtlIogniphiea!ly. it i*« remarkable that no kind 
of comprehensive generalisation connreitng their crystalline form 
with their molecular structure appears to have been reurhed. Vet 
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it is abundantly clear that a connexion between the two must 
exist-, and Ao doubt the difficulty which workers have had in 
interpreting their results is to be traced to the complexity of the 
relationship.* 

Tire extensive investigations which have been carried out in the 
X-ray analysis of crystals since von Lane’s discovery in 1912 of the 
diffraction of X-rays by crystals have already gone far to solve the 
problem as regards inorganic compounds. But in organic com- 
pounds the structures are essentially more complex and present 
difficulties in the way of X-ray analysis which it will not be easy to 
surmount. In the case of aromatic carbon compounds, recent, 
work of Sir William Bragg ( Proc . Physical Soc 1921, 34, 1) on the 
X-ray analj’sis of naphthalene and anthracene has afforded striking 
evidence of the persistence of the benzene ring in one of its forma 
and therefore perhaps also of the chemical molecule in the crystalline 
state. If this should be generally applicable to aromatic compounds, 
the problem in their case would be considerably simplified. 

In the case of the aliphatic compounds, however, no such evidence 
is yet to hand, and at the present stage of the problem it would 
appear that it is only as the result of the examination of the crystal- 
line form of the simplest molecular types and the observation of 
regularities which they present that any progress can be expected. 
Therefore at the outset of the investigation, of which the present 
communication constitutes a preliminary part, it is proposed to 
examine those aliphatic compounds which are simplest in molecular 
structure. 

Before these experiments were commenced or the literature 
searched, the author held, as a working hypothesis, that the most 
symmetrical molecular structures should give rise to the most 
symmetrical crystallographic forms, although the converse would 
not necessarily be true. Thus, the most symmetrical of all types, 
namely* the type CX 4> in which X is an element or symmetrical 
group such as CH 3 , and which itself possesses cubic symmetry 
(although not t lie highest symmetry possible in that system) should 
give rise to crystals of the cubic system ; whilst compounds of ihi- 
tv]>e in which X is a less symmetrical group should give ri>*‘ 
tetragonal crystals. Considered as an expression of what is un- 
doubtedly a strong general tendency, t his hypothesis * is fully borne 

* This rul • has already been of seiva-e in providing »-vid«n<<* of con-tim- 
tion. The synthesis of im*thaiU‘tolra-H<’> li<* mid has recently b<sn i 
by Ingold and Xir kulUyi'., 1922. 121, and its crystullogropiiii' pn>] erti ' 
aro given on p. 7S. When this acid was tir»t prqiarcd tin. re whs ili-uhi 
as to its constitution, wlfleh might have bin that eorrespunding with any 
one of the format:** tym. C M,)/’!! ( H f Od|)-rf t, (‘0,11. .,n i 

C (<’0,11; < ( The erY*tnll.*grnphi. rvid. n-e j-b.ti-J 
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out by the evidence brought forward in this paper and is in agree- 
ment with the conclusions drawn by Wahl ( Proc . Hoy. Soc. } 1014, 
[A], 90, 1) as a result of the optical investigations of a number of 
simple carbon compounds. The modifications necessary in its 
detailed application will be discussed hereunder. 

The first case which has to be considered is that in which X is a 
single univalent clement. There are four examples on record : 
Wald has examined the crystalline form of methane (ibid., 1912, 
j A], 87, 377) and of carbon tetrachloride (ibid., 1913, [.4], 89, 330), 
Wahl (he. cit.) and Zirngiebl (Groth, “ Chern. Kryst.” 1, 330) 
csirbon tetrabromide, and Gustavson (op. cit., p. 229; Annalen, 
1874, 172, 173) carbon tetraiodidc. Methane itself crystallises below 
— 185*8° in the cubic system. Carbon tetrachloride at —22° 
crystallises in grains, which are isotropic and therefore belong to the 
cubic system, but at —47“ a transition into a doubly refracting mass 
takes place. 

Carbon tetrabromide crystallises in the cubic system above 46°, 
there being a transition at that temperature into a’monoelinic 
variety, which, however, has a marked cubic habit, the crystals very 
closely approaching regular oetahedra. Carbon tetraiodidc crystal- 
lises in oetahedra, which are isotropic and therefore cubic in 
symmetry ; no accurate measurements have been made owing to 
tlie unstable character of the compound. 

There does not appear to be an example of a substance C’X 4 in 
which X is a group of two atoms, but an instance of one in which X 
is a group of three atoms is provided by tetrauiuomethano, which 
lias been examined by Wahl (Proc. Huy. Soc. t 1913, f.l], 89, 333). 
This substance crystallises in the cubic system, although at low 
temperatures there is a transition into a modification which show's 
very weak double refraction and probably belongs to a uniaxial 
system. Of compounds in which X is a group of four atoms, one of 
which must necessarily be carbon or some other quadrivalent 
element, an example is afforded by tetramethvlmethane, which 
Wahl (ibid., 1913, [.-I], 88, 359) found to be cubi»\ with a low- 
temperature, doubly refracting modification, which is probably 
tetragonal. 

ill ail these cases, in agreement with the original hyjHithesis, the 
crystalline form stable at the higher temperature is cubic, The 
lower- temperature modification with a lower degree of symmetry 
shown bv four of these compounds may reasonably be supposed to 

plainly to n formula of the type t’X 4 . Llio lir>t jormula was therefore accepted 
hy iho in vnjitiga torn t '<neer:ie<l ns u .-aTi.-.iaetory for furl her work and 

was fully confirm* d severtd mouths Inter hy puiely .heme a! methods [lor. 
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be due to a closer packing of the molecular unite at lower temper- 
atures.* 

The symmetry of a molecule of the type CX 4 , in which X is a 
single a(om,* is that of a regular tetrahedron, that is, of Evans’s 
CBu (hexakis tetrahedral ) class of the cubic system, possessing there- 
fore six diagonal planes of symmetry, the four trigonal symmetry 
axes of the cubic system, and three digonal axes of ordinary 
symmetry, which are also tetragonal “ contra-directional ” (Evans, 
Min. Mag., 11)10, 398) axes or Hilton’s {ibid., 1900, 261) axes of the 
second sort. It might be expected therefore that compounds of 
this type would crystallise with cubic symmetry, as has actually 
been found. 

Since each of the bonds from the central carbon atom represents 
one of the four axes of trigonal symmetry essential to all classes of 
the cubic system, compounds of the 
type CX 4 , in which X is a group of 
such a nature as not to destroy the 
trigonal symmetry about these 
bonds, should yield cubic crystals. 
The compound tetramethylmethano, 
('(CHj),, is one of these, three 
hydrogen atoms being arranged 
symmetrically about a carbon atom 
at each corner of the tetrahedron 
(Fig. ]). It is consistent therefore 
to iind this compound crystallising 
in the* cubic system. 

Ill the compound tctranitromctlmne, C(XO.,) 4 , the configuration 
of the nitro-group is uncertain beyond that the nitrogen atom is 
directly attached to the carbon atom. Of the possible Configurations, 
the linear arrangement, ■X’OK), is the only one which would allow' of 
the persistence of the four trigonal axes ami so lead to the expecta- 
tion of cubic crystals, as actually found. 

Turning now to more complex cases, pentaerythritnl, ( '(CR/OH)^ 
has been examined by Martin {Sines Juhrb . Min., 1S9I, Beil. Bd. 7. 
18) and found to be tetragonal and to crystallise in the ditef ragonnl- 
pyramidal class, that is, the IV Bu class of Evans (Min. Mag., 1907. 
360) ami therefore to possess a uniterminal axis. The author 
examined this compound at Cambridge in I91S, and, after repeated 

* An analogy with tjiis behaviour is to U- annul in that of tlir iimirral* 
rmdahisite ami kytmito, both of which have the < h< mi«-nl composition Al t Si0 4 . 
Anrlahisito possesses orthorhombic symmetry, ami kyunilo only trielinit 
symmetry. The density of kyanite (3-1*2) ia higlier than that of nndiilusite 
(3 lSj, whi'.li would indicate .-loser pai-king m the ks.s .symmet rival variety. 


Fio. 1. 
C 
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experiments, was unable to find the existence of a unitcrminal axis 
or to assign other than the symmetry of Evans’s IV Be (holohedral) 
class to the crystals. 

Pentaerythritol tetrabromidc was found by Jaeger* ( Z . Kryst. 
Min., 1908, 45, 543) to belong to Evans’s 11 Uc class (holohedral) of 
the monoelinic system. He regards the symmetry as pseudo-cubic, 
since by a suitable transformation of face symbols an axial ratio of 
nearly 1:1:1 and an axial angle of nearly 90° may be obtained. 

Pentaerythritol tetranitrate, pentaerythritol tetra-acetate, and 
methanetetra- acetic: acid all crystallise with tetragonal symmetry 
and with the exception of pentaerythritol tetra-acetate, in which 
the class is uncertain, in Evans’s JV Be (holohcdral) class. They 
are described in the experimental part of this paper. 

Tetraethyl orthocarbonate, 

0(0*('H 2 *CH 3 ) 4! 

according to Wahl crystallises in the 
tetragonal system and is pseudo-cubic. 

Tetraphenylmethane has been ex- 
amined by Wahl (/Voc. /toy. Hoc., 1913. 

(.4], 89, 338), who describes the 
crystals as needles which optically 
appear to be orthorhombic. 

Of these seven compounds in which 
X is a complex group, live crystallise 
in the tetragonal system. Of the 
remaining two, tetraphenylmethane. 
crystallising in the orthorhombic system, is perhaps a special case, 
in which the four phenyl groups have the predominant influence. 
Pentaerythritol tetrabromidc, however, does appear to be an 
exception to the general rule, though it might be contended that it 
has a tendency towards a inure symmetrical structure as shown uy 
its pseudo-cubic nature. 

In molecules of the type f X.. in which the X groups are of the 
type (’Y*Z, it can easily be seen that the trigonal axes can no longer 
n-rnain, for there can ho no three-fnid grouping about the corners of 
the tetrahedron. The symmetry is reduced to that of Evans s 
IV Bk (sea lee olied ral) class of the tetragonal system,* as shown 
in Fig. 1\ which represents the appearance <>i such a molecule 
projected on the basal plane, 

* K. von iZ. A >«*?. M'n., I‘*U. 52, l)J) explained the lack of 

i-ubio synimrtiy in nysuils of *-* such as ]*maenthritol. as due 

to 1 ho carbon atom having a form it hieh is only an an>ro\ijna(ion to a tegular 
tot railed rou. In the same paper he put fnrvard the view that the crystal 
molecule 1 is eoin(‘Osrd of >cveral rln-miral molecules. 





76 KNAGGS ; THE RELATION BETWEEN THE CRYSTAL STRUCTURE 


By the combination of four such molecular cells in the manner 
shown in Ffg, 3, the symmetry is raised to that of Evans’s IV Bu 
(di tetragonal-pyramidal) class of the tetragonal system, which 
possesses a' uniterminal tetragonal axis and in which, therefore, 
crystals are unlike at the two ends of that axis. 

By a further combination of two such complex cells, one inverted 
with respect to the other, holohedral tetragonal symmetry, that is, 
the symmetry of Evans’s IV Be class, may be reached. Such 
combinations of cells may be regarded as analogous to the ultra- 
microscopic twinning, considered to be the cause of the assumption 
of higher symmetry in certain minerals. * 

From these considerations it might reasonably be expected that 
compounds of the type C(CY 2 Z) 4 * would crystallise in any of the 

classes IV Bk, IV Bu, IV Be 
of the tetragonal system. As 
already stated above, with 
the exception of pentaerythri- 
tol tetrabromide, the remain- 
ing five compounds of this 
type known all crystallise in 
the tetragonal system and in 
the case of three of them in 
the IV Be (holohedral) class. 
In the case of two of them, 
namely, pentaerythri tol tetra- 
acetate and tetraethyl ortho- 
carbonate, the class has not 
certainly been determined. 
That tetraethyl orthocarbon- 
ate should he included with the compounds of the type 0(0 Y 2 Z) 4 need 
perhaps a little explanation. From its structural formula, co-lincar 
oxygen linkings being assumed, it is evident that the groups at the 
comers of the tetrahedron are of the type CY 2 Z. The linking of 
each of these groups to the central carbon atom by way of an 
oxygen atom does not affect the symmetry of the molecule. 

Pentaerythritol constitutes a particularly interesting example, 
since apparently it may assume either the symmetry of the IV B.i 
(ditetragonal-pvramidal) class as observed by Martin {loc. cit.) or 
that of the IV Be (holohedral) class as observed by the author. 

• It will be seen Hint yi tho ooiujmhuhIh hero di.-wuxsod Y 'is hydrop 
and, with ono exception (in w hic h 'it in bromine), Z is n complex group, but 
one which can be so symmetrically nrrnn^.d to to be equivalent to A single 
atom an far as tho symmetry of n molecule of thi* ty(>r* is concerned. The 
latter will always t.’C the cas?, provided that Z has a piano of symmetry. 


Fig. 3. 
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As far as the compounds discussed in this paper are concerned, 
there is strong evidence that their crystallographic symmetry is an 
expression of their molecular structure, since from the consideration 
of their molecular configurations (where these are known) the 
observed crystallographic symmetry may he deduced, Should 
this be found by further research to he the case for a large number 
of organic compounds, it would become legitimate to employ 
crystallographic evidence in determining stereochemical con- 
figurations in cases where these have not yet been determined )>v 
chemical methods. 

Other compounds of the type CX 4 are in course of preparation for 
this investigation, and it is proposed also to examine compounds of 
the type CXY 3 and CX 2 V r 

K X P E It I M E X T A L. 

Paitamjthritol Trf rani f rate , C{CHyO-XO ; ,) 1 . 

This compound was submitted to me for examination by Sir 
William Pope and measured by myself at Cambridge in 1918, when 
working under Dr, Hutchinson's direction. 

Crystal system : tetragonal. Class : holohcdral. Axial ratio: 
a : r — l : O'dOO. Forms observed : A ~ J1U0; ; p — [111 J. 

Angle measured: 





No. of 

Mean 





measurements. Limits. 

ob-*. 

Calc, 

Ap 

. (IO0) 

Mill) 

16 (i.V 37' — fid' 4(V 

C.V 42' 

G0 : 42 

VP r 

- (HI) 

Mill) 

11 4S :i2 — 48 4U 

48 30 

* 


Cleavage ; • 100 •, imperfect. 

Habit ; square, second-order prism terminated by pyramids 
(Fig. 4). The crystals are colourless and transparent and of a 
fair size and quality. 

Optical characters : refractive indices, as determined by imiflersion 
in oils, at =» 1 'oo4, c = ) oo3. 

Density : determined by suspension in liquid, df ~ 1773 
(corr.). 

Pentaerythritol Tdra-aoUite, C(CII 2 ‘<K:0*CH 3 ) 4 . 

Crystal system : tetragonal. Class : uncertain. Axial ratio : 
a : c = 1 ; 0 3-4. Forms observed : A » P ~ <111,'. 

Cleavage : perfect basal. 

Habit : long, narrow, second-order prisms terminated by blunt 
or sharp pyramids (Fig. d), The crystals are colourless and 
transparent, but extremely small and btklly developed, The 
pyramid faces, when distinguishable, are very minute and the only 
angular measurement obtainable lias been from a fare of the blunt 
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pyramid p = {111} on to the prism A = {100}, this angle being 
72° 53'. / 

Optical characters : refractive indices, as determined by immersion 
in oils, e = 1*483, <d — 1*433. 

Delimit if : * determined by HvrspcTvsioii in \u\vdd, (F* ="*- 1’213 
(corr.). 

Fig. 4. Fin. 5. 
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Cleavage : none observed. 

Hitfnt : pyramidal, with short, tirst-order prisms (Fig. (»). The 
crystals are extremely small but moderately well develop'd and an 
clear and colourless. 

Optical chamber* f : refractive indices, as determined by immerdnr. 
in oils, ( = 1-51S, u «■ 1*487. 

Density : dHenn.ned by suspension in liquid (carbon trim- 
chloride and light petroleum), rff 1*100 (e»^r.). 
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X . — Elimination of tin Amino-group of Tertiary 
Amino-alcohol*. Tart I. 

By Alex. McKenzie and Asets Campbell Hkharijson. 

The present investigation was initiated in connexion with an 
inquiry on the n le of nitrous acid in the Walden inversion. Fischer 
was the first to give the dclinite proof that nitrous acid carf induce 
con fig ura tive change when he eft ec ted the following trans- 
formations : 

\\so ,,Vi ' ulucosaminic acid ehitarie add 

glucosamine :/ 

' ‘ r /rv "id chitose , ■ - chitouic acid. 

O y I'Xi i.i' »0-; > 

Thus, starting from the amino-sugar, it is possible to obtain the 
two c pi meric 2 : .Vanhvdrohexoic .arid*, ’and a Walden inversion 
had obviously boon elTeeted by one of the jwo reactions in which 
nitrous acid was concerned, probably, aminling to lx vcnc l.Ucmo- 
(jraph* of tht' Rochfdhr IndituU for Mnl'ml H'^crch. 1922. Xo. IS, 



so 
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p. 15), during the elimination of the amino-group of glucosaminio 
acid. 

The displacement of the amino-group in dextrorotatory phenyl- 
aminoacetic acid leads to a change of sign owing to the formation 
of Z-mandelic* acid (McKenzie and Clough, T., 1909, 95, 791), and 
the following changes are involved in the interconversion of the 
optically active amino-acids : 

dextro- C 6 H 5 *CH(NH 2 )*C0 2 H Z-C 5 H 5 'CH(0H)-C0 2 H 

!*vo- C 6 H 5 -CH(NH 2 )-CO s H ^ dextro- C^HCl-COjH? 

At the time when this inversion was described the view was ex- 
pressed with reserve that one of the three reagents, nitrous acid, 
phosphorus pentachloride, and ammonia,, causes configurative 
alteration, the suggestion being made that the inversion is effected 
by means of the ammonia, both phosphorus pentachloride and 
nitrous acid thus acting ‘‘normally/’ The other alternative, that 
a configurative change takes place at each of the three stages, 
was regarded as improbable. In a subsequent paper, however, 
Clough (T., 191S, 113, 526) assumes that the lievorotatory phony l- 
aminoacetic acid and Z-mandelic acid possess the same con- 
figuration, his arguments being based on the influence of inorganic 
salts on the rotatory powers of x-hydroxy- and x-amino-acids. 
Nevertheless, the configurative relationship between the active 
phenylaminoacetic and mandelic acids is almost as problematical 
as ever. Here as in other cases the same difficulty is still encoun- 
tered to which both Fischer and one of us have made occasional 
references, and to which Frankland also drew attention in his 
presidential address to this Society in 1013 (T., 103, 738) when 
he writes, “ It would appear that there does not exist at the present 
time any criterion whereby the relation between the configuration 
of an optical active compound and that of a derivative from it 
can be decisively ascertained.” 

Now Z-mandclic acid can be converted into the alcohol (to which 
the nomenclature Z-triphenylethylene glycol was assigned) by 
forming the methyl Z-ester which was then acted on by magnesium 
phenyl bromide (McKenzie and Wren, T., 1910, 97, 473). Although 
this glycol possesses a strong dextrorotation, the value being so 
high as [a] D 4- 233|6 3 in chloroform, there is no possibility of 
configurative change in its formation, since substitution of a group 
in direct attachment # to an asymmetric carbon atom does not 
occur. Moreover, it can be formed in another way through the 
stages, Z-mandclic acid — ► methyl Z-mandolato -V /-benzoin — > 
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Z-triphenylethylene glycol (loc. cti.), whilst the isomeri(| rf-tri phenyl- 
ethylene glycol was obtained as one of the products from the inter- 
action of magnesium phenyl bromide and hphenylehloroaoetic acid 
(McKenzie, Drew, and Martin, T., 1915, 107, 2d). Accordingly in 
the steps : 


dextrorotatory C 6 H 5 *CH(NH 2 )-C0 2 H (I.) — v 

?-C 6 H 6 ’CH(0H)-C0 2 H (II.) Z-C e H 5 *CH(0H )*CPlyOH (TIT.), 

the conversion of I into II may possibly be accompanied by con- 
figurativc alteration, whilst the configuration of II and III is 
identical. 

It had been the intention of the present authors to conveil 1 
into IV, and then to examine the action of nitrous acid on this 
fi-hydroxy-alijS-triphenylethylamine to find out which of the isomeric 
optically active glycols. would be the product : 

dextrorotatory C c H 5 -CH{NH 2 )-00 2 H (I.) optically active 
r (i H 5 ‘CH(XH 2 )-CPho-Of£ (TV.jT -> optically active 

0 6 1 1 6 'CII(0II) •CPhj'OK. 

With this object in view, and in order to gain experience with 
the inactive amino-alcohol before applying the results to the active 
i some rides, the inactive amino-alcohol was prepared by acting on 
ethyl df -phony laminoacctate or its hydrochloride with magnesium 
phenyl bromide. Its behaviour towards nitrous acid was then 
studied. On no occasion were we able to obtain triphenylcthjdene 
glycol by this means, but the product was invariably the so-called 
triphenyl vinyl alcohol.* This interesting result would on first 
consideration find a ready interpretation on the lines : 


e a II 5 ‘CH(XH 2 KTlvOH -* C 6 H & *CH(OH)*CPIyOH 




■C,H, 


but this is untenable', because the experimental conditions arc 
known under which triphenylvinyl alcohol can be obtained by the 
dehydration of triphenylethylene glycol (McKenzie and Wren, loc. 
cil.), and in the ease under investigation the glycol would not have 
undergone dehydration had it been formed. Whatever the 
mechanism of the formation of triphenylvinyl alcohol by this 
action may be, the assumption of the intermediate production of 
triphenylethylene glycol is not permissible. The optically active 
[i-hydroxy-i^i-triplieuylctliylamine would certainly also give tri- 

• The terminology triphenylvinyl alcohol is retained in the present pnjH>r, 
although the ketonie struct me is probably more correct- The constitution 
of triphenylvinyl alcohol was recently discussed by McKenzie ami Rovle 
0\m\, 119, U3). . 
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phenylvinyl |alcohol when acted on by nitrous acid, and its pre- 
paration was accordingly abandoned for the present. 

The above mode of formation of triphcnylvinyl alcohol recalls 
the behaviour of nitrous acid towards diphonylaminomethylcarbinol 
(Paal and Weidcnkaff, Bcr., 1900, 39, 2002), when rw-diphenyl- 
ethylene oxide was formed : 

NH 2 -CH,-CPh,-OH + HN0 2 - N. + 21l 4 0 + CK^J* . 

The stable as - dip h e ny ] et h y i e ne glycol, which readily results from 
the interaction of ethyl glycollatc and magnesium phenyl bromide, 
was not produced from the amino-alcohol. 

As having a bearing on those observations, mention may be 
made of the experience of Erlemneyer, jun., in the course of his 
work on the hydroxydiphenylethylamines (Amw/ni, 1899, 307, 
113). Inactive ^-liydroxy-a^-diphonylethylamine (A), 

c s h s c 0 h 5 <; c h. 

H-e-OTI Oil— C-H H— (’—OH 

(A) J[-('-\K 2 H— r— OH ( 1 

<’ g h 5 " " <\if. cjr, 


would be expected with nitrous acid to give the internally com- 
pensated hydrolxmzoin (B) in the event of no ton figurative change 
occurring, but Erlenmeyer succeeded in isolating the externally 
compensated isomeridc, the su-calle<l uw-furm. Tins miction, 
differing as it does from the behaviour of ^-hydroxy-a^-triphenyl- 
ethylamine towards nitrous add, resembles it in being une xi>ec ted, 
and it should further be noticed in the same connexion that Irvine 
and Kyfe (T.. 1914, 105, M>42) give experimental evidence jit 
favour of their statement that the hydroxy-amine has a distinct 

tendency to react in the cyclic form, V 
,l ‘ CilPh-NH, 

Now in an investigation with i!u* isomeric dihromosiietinie acids 
(T., 1912, 101, 11%), one of us pointed out that contigurative 
change with optically inactive materials by a process closely 
analogous to a Walden inversion * tan take place (for other cases, 
compare Walden, “ Optische I'liikelirerscheinungen,’' Braunsch- 


weig, 1919, p. 98). The above result of Erlenmeyer is a change 
of this kind, and the proximity of the hydroxy- and amino-groui>s 
in the molecule is a factor of importance. If Krbmnryrr’s sug- 


gestion is accepted that a transient cninjstund. 


W<jj ■ 


* TIki term “Ual«l- n invi wion ” ulmuM U> striitly i-r.nlint <1 to i-lnm^s 
effected, with optically active cunvjKjmnL-j only p.«c fur. cit., p. | ] yjt 
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is formed, then the following interpretation is feasible. When 
nitrogen is eliminated from this hypothetical compound which 
contains only one asymmetric carbon atom and when water is 
then added, the product will contain two asymmetric atoms, and 
would be expected to consist of a mixture of hydrobenzoin and 
isohydrobenzoin in unequal amounts. Evidence in favour of this 
view is actually presented by Erlenmeycr himself, who on one 
occasion isolated together with wohydrobenzom a few crystals of 
hydrobenzoin which were identified by crystallographic measure- 
ments {lor. cit p. 130). On the other hand, in the molecule of the 
k . so- base the spatial arrangement of the hydroxy- and amino-groups 
is presumably such that they are further apart than in the isomeride, 
and the action of nitrous acid is more likely to bo one of direct 
displacement. As a matter of fact Erlenmeycr showed that the 
action of nitrous acid proceeds in the orthodox fashion with the 
wo-ba.se, the product being esohydrobenzoin, which, like the i so- 
base, is externally compensated : 

o 6 n 5 t.y i. r c H- c c h 5 

H-c-oir on-r-H u-c-oM oh-c-h 
NIL— (J— If ll-r— NIL OH-r— H II — (3 — OH ' 

<\dl- <\H, (* g H 5 C‘ 6 H s 

Attention may also directed to tilt- behaviour of d-glueosaniine 
towards nitrous acid because the parallel between this action and 
the formation of triphenylvinyl aleolu.il from [i-hydroxy-atfifj- 
triphonvlethylamine i> clos: r than would at tir<t si'jht be suggested 
by a perusal of t h* • formui.e : 

O J’hd'II-rpi]., 

(V.JOH.rU.-ClIinHH'IH'll.Oili-rlf-CHiOH) xh, uH '(VI.) 

NH, J , 

(VI) differing from (V) in In iuj a tertiary alcohol. Glucosamine 
loses its nitrogen atom, pt-dug into tin* an hydro- hexose, C 6 H l0 O-, 
to which the name ehitose wa< assigned by Lcddcrhose, and which 
according to E-wne {/•«*. ri : . ]». Id) is 2 : d-anhydromannose. A 
hexose itself is not produced. just as trijdienvlcthviene glycol is 
not formed in the action studied by us. It should also be noted 
that Irvine and Ilynd (l . I:U2. 101. il2S. and other papers), 
in the course of their investigation:* on derivatives of glucosamine, 
prnj>ose a hetaincdihe >!rueture for this base. 'namely, 

0 * 

0 1 H ' 1 1 A ’ 1 1 ( ( d l >•( ’ 1 H ’ H (() H )*t ' 1 1 iVH.) 

NHoU 
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Moreover, tlnj same authors examined the effect of silver nitrite 
on an aqueous solution of benzylidenemethylglucosamine hydro- 
chloride, . 



CHPh 

where the amino-group, the benzjdidene residue, and the glucosidic 
group were all eliminated, a process in which the tautomeric form, 

i 0 , 

CH 2 *CH’OH*CH(OH)*CII*yH 
6 0 MeH,N — 0 , 

\/ 

CHPh 


would probably be produced before the action of nitrous acid came 
into play. 

The adoption of a betaine-like structure for p-hydroxy-etpp- 
triphenylethylamine should not, therefore, he at once dismissed, 

the formulation, V^ 2 ’ being more closely related to 

NH 3 — 0 

the betaine-like structure of glucosamine (VII) than is (VI) to (V). 
Our experimental evidence would, however, be rather in favour 
of retaining formula (VI). 

The most likely interpretation of the formation of triphenyl vinyl 
alcohol from the amino-alcohol seems to us to he the following, 
which involves the intermediate formation of an unstable furo- 
diazole derivative (VIII): 


CHPh*CPh, CHPh*CPh 2 
NH 2 m ~ XiX-OH OH " 


CHPlrCPh. 


n:x— o 


(VIII.) 


CHPlrCPh, p, 

\ / ‘ (uPCX’Ph.. 

0 


As an alternative to (VIII), although perhaps less feasible, the 
assumption of an unstable substance of a betaine-like structure 

might be made, thus, XiX^Q^i^/CPh,. A structure like this 

would be related to .that for diazo-phcnols advocated by Klcmcnc 
(Ber. } 1914, 47, 1407) when he rejects both the diazo-oxide and the 
quinonediazide structures for those compounds in favour of the 
diazonium type. It should be observed, however, that Klemene’s 
conclusion has not been accepted by other workers in the same 
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field (Morgan and Porter, T., 1015, 107, 645; Morgan and Evens, 
T., 1919, 115, 1126). 1 

The scission of the ring (VI 11) with elimination' of nitrogen 
seems possible, and may be contrasted with the observation of 
Eoumeau (Bull. Soc. chim 1908, [iv], 3, 1141) on. the action of 
alkali on phenylmethylethylmorpholonedimethylammonium hydr- 
oxide, 

Cl L/NMe.,(0 H ) *0 1 1 Ph . McEtO — Oif, 

CMeEt— -O — CO \/ “ -h NMcvCHPh-CO.H, 

O 

where cw-mcthylcthylethylene oxide, as distinct from Iriphenyl- 
ethylcne oxide, is sulliciently stable as to permit of its isolation. 

Some support is perhaps lent to the scheme suggested above 
from the fact that diazo- oxides have been isolated by the action 
of nitrous acid on amino-1 : 3-diketones, for example, in the form- 
ation of acetylacetonc diazoanhydride, where ami noacetylaee tone 
reacts in accordance with its cnolic structure : 

cir v co-c— c-oir 3 , H . 0 ,., Hf ch 3 -co-c=c.oh s 
mi, oh ' ' ' - r n:x-o 

(Wolff, Anualen, 1902, 325. 139). 

In the present paper, the elimination of the amino-group of 
several other tertiary amino-alcohols is also described. Thus, 
f^hydroxy-x^diphenylprupylamine, prepared from desvlamine 
hydrochloride and magnesium methyl iodide according to McKenzie 
and Barrow (T., 1913, 103, 1331), gave mothyldcoxybenzoin, and 
not x3*dihydroxy-^3-diphenyI[>ropajie : 

KHyCHPli-CPhMe-OH -j- >1X0, - CHMePh-COPh -j- X,+2U a O. 

Similarly from J^hydroxy-x3-diphenyK3-naphthyIethylamine f 
NH.>dJHPhClMi(t\ 0 H T )’(iH, the compound obtained bv the action 
of nitrous acid was either naphthyldeoxybenzoin or one of its 
dosmotropic isomcrides. 

y- Hydroxy- xyy-triphimylpropylamine, XH 2 , L , HPh*CH 2 , CPh 2 *OH, 
prepared by the action of magnesium phenyl bromide oil ethyl 
[3- amino- 3 -phenyl propionate, has a methylene group interposed 
between the carbon atoms to which the amino- and hydroxy- 
groups are respectively attached, and in this case the action of 
nitrous acid presents no abnormality, as the product was found 
to be xy - (1 i !iv< Iroxy - 2 xy-tri phenyl propane, OH*CHPh*CH 2 *CPh 2 'OH, 
On the other hand, with y- hy d ro xy - xyy - 1 r i ph e ny I iwpropy la i nine, 
(•H^PlrCH(XH 2 )*CPh 2 ’011, prepared froiji magnesium phenyl 
bromide and the hydrochloride of phenylalanine ethyl ester, the 
spatial arrangement of the ainiuu- and hydroxy-groups is similar 
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to that in p-iivuLOxy-app-triphenylethylarainc, and the action of 
nitrous acid accordingly led to a compound which in all probability 
is diphenylmethvl benzyl ketone, CH 2 Ph*CO'CHPh 2 , the desmo- 
tropic form df diphenyl benzyl vinyl alcohol. The isomeric amino- 
alcohols, the one derived from the 3-amino-acid, 
C 6 H 5 *CH(NH 2 )*CH 2 -C0 2 H, 

and the other from the a-amino-acid, C c tf 5 , CH 2 *CH(NH 2 ) , C0 2 H } 
thus presented an interesting contrast in their behaviour on 
elimination of the amino-group. 

Experimental. 

Conversion of Phenylaminoacctic Acid into ft- II yd roxy- upfl-triphcn yl- 
dhylaminc . 

The phenylaminoaeetic acid was prepared by a modiiication of 
the method of Zelinsky and Stadnikoif (Bcr., 1900, 39, 1722; 
1908, 41, 2063). The free amino-acid (1 mol.) was acted upon 
by an excess of magnesium phenyl bromide (1 mols.), but on 
decomposing the product in the usual manner with ammonium 
chloride, the acid was found to be regenerated. The hydrochloride 
of the ethyl ester was accordingly prepared, and this melted at 
196 — 197° in accordance with Kossels value (/></'., 1891, 24, 4145). 
16‘G Grams of ethyl phcnylami noacetate hydrochloride (1 mol.) 
were added in live instalments within fifteen minutes to the Grignard 
reagent prepared from 145 grams of bromohenzeno (12 mols.), 
and the mixture was heated for four and a half hours. Ice was 
added, and then ammonium chloride. The solid remaining undis- 
solved after this treatment was left in contact over-night with 
ammonium chloride and ammonia, and then collected. The 
resulting 24 grams were crystallised from ethyl alcohol. Yield of 
pure compound = 9 grams. The ethereal solution, from which 
the ether and diphenyl wore removed, gave an additional quantity 
of the amino-alcohol. Total yield - 11 grams, 49 per cent, of 
the theoretical (Found: C--827; II - 6-6. Gale., C - 83*0; 
H =• 6*6 per cent.). 

The substance melted at 154 5 - -155 , and was identical with 
the 3-hydroxy- xpp-tri phcnylet hy la mine prepared by McKenzie and 
Barrow (loc. ciL) from desvlamine hydrochloride and magnesium 
phenyl bromide, it is sparingly soluble in ethyl alcohol, from 
which it separates in noodles. It is sparingly soluble in ether, 
and moderately soluble in benzene or carbon disulphide 1 . With 
concentrated sulphuric, acid, it gives a pink coloration which 
quickly becomes orange- brown. Its hydrochloride, which is 
sparingly soluble in water, melts at 236 —237 
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In order to obtain the amino-alcohol in good yield ^y the above 
method, the Grignard reagent must be employed in the large 
excess quoted. In three other earlier experiments in which the 
bromobenzenc in the proportion of 5 mols. to 1 raol.'of the ester 
hydrochloride was employed, the average yield of the, pure amino- 
alcohol was only slightly over one-fifth of the weight of hydro- 
chloride taken. A good yield of amino-alcohol was also obtained 
from ethyl phcnylaminoacetate by using a large excess of mag- 
nesium phenyl bromide to which an ethereal solution of the ester 
was added. The ester was prepared from tiie free amino-acid, 
and boiled at 1 35 D /I5 mm., whereas Marvel and Noyes (J. Arnar. 
Cham. Soc., 1920, 42, 2205) give 114 — 115,5 mm. From 135 grams 
of bromobenzene (12 mols.) and 13*4 grams of ester (1 mol.}, 
9 grams of the pure amino-alcohol were isolated. This is also an 
instructive instance of the application of a Gri guard reagent in 
this respect, that the results were successful only when an excep- 
tionally large proportion of the reagent was employed. 

Unfortunately we failed to isolate a crystalline product either 
when the Grjgnard reagent prepared from (10 grams of methyl 
iodide (12 mols.) was added to 10*5 grams of the ester hydrochloride 
(l mol.) suspended in ether, or when the addition was conducted 
in the reverse order. With magnesium a- naphthyl bromide, pre- 
pared from 75 grams of x-bromonaphthalene (12 mols.), and 6*24 
grams of ester hydrochloride (1 mol.), 12 grams of a substance, 
melting at 05*5— -00*5 and crystallising from ethyl alcohol in 
colourless, lustrous plates, were isolated (Found: C — 83*1: 
H - 0*3 per cent.). This compound contained no nitrogen, and 
was, accordingly, not the desired amino-alcohol. In those cases 
the actions .obviously proceeded too tardily, and were incomplete, 
in spite of the large excess of Grignard reagents used. 

Act, on of X it rous Acid on frAIydroxif-xfatriphcnyhlhyUtMine. 

Several attempts were made to obtain triphenylcthyknc glycol 
by the action of nitrous acid on the above compound, but in no 
case was there any evidence that the glycol was formed, the product 
invariably being trinhenyivinyl alcohol : 

xHj-cimk’IVoii iixo, x, - 2H.0 ~ ^>c:c<pjj . 

Thus. 5 grams of Is-hydnKxy-i^-triphcnylethyiamine (I mol.) wen. 1 
dissolved by heating with 300 c.e. of dilute acetic acid, and to 
the iee-eold solution 19 e.o. of an aqueous solution of sodium nitrite 
containing 3*0 grams of the salt (3 mols.) were added in the course 
of half an hour. On the following day the voluminous precipitate 
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(3*5 grams, m. p. 128—136°) was collected, and crystallised from 
ethyl alcohoL 3*2 Grams of triphenylvinyl alcohol, m. p. 135 — 136°, 
crystallising in needles and giving the diagnostic emerald-green 
coloration with concentrated sulphuric acid, were isolated : yield — 
68 per cent. (Found: C — 881; H = GO. Calc., C = 88’2; 
H = 5*9 per cent.). 

Action of Nitrous Acid on p H ydrozy-ctfi-diphemjlpropi/laminc. 

The amino-alcohol was prepared by acting on dcsylamine hydro- 
chloride with magnesium methyl iodide (McKenzie and Barrow, 
loc. cit.). It gives a pink coloratidn with concentrated sulphuric 
acid, and forms «a hydrochloride which is sparingly soluble in 
water and which melts at 262*. 

An aqueous solution of sodium nitrite (3 mols.), 17 c.c. containing 
3*7 grams of salt, was gradually added within forty-five minutes 
to an ice-cold solution of 4 grams of (3-hydroxy- aJ3-dipheny!propyl- 
tunine (1 ipol.) in 230 c.c. of dilute acetic acid. After neutralisation 
with sodium hydroxide, the liquid was extracted with ether, and 
the ethereal solution dried with anhydrous magnesium sulphate. 
The product from the ether w r a$ partly oily and partly solid. It 
was crystallised twice from ethyl alcohol, when 0*8 gram of methyl- 
deoxy benzoin, separating in prisms, and melting at 59*5—60 , 
w*as obtained. A trace of this product gave practically no color- 
ation with concentrated sulphuric acid at the ordinary temperature, 
but a pale green tint appeared on warming. The melting point 
of methyldeoxybenzoin given by V. Meyer and Oelkcrs is 53 
(Bcr. y 1888, 21, 1207). 

In another experiment where 3*4 grams of the amino-alcohol 
w’ere employed, the product w r as crystallised six times from light 
petroleum (b. p. 60—70°), and then melted at 59 — 59*5°. Yield — 
0*42 gsam (Found : C — 85*8 ; H = 7*0. Calc., C — 85*7 ; H — 6* t 
per cent.). The scmicarbazonc crystallises from ethyl alcohol or 
from benzene in prismatic needles, and melts at 161°. 

The small yield of methyldeoxybenzoin quoted above, coupled 
with the fact that the crude product contained an oil, suggests 
that methyldeoxybenzoin may not have been the sole product of 
the reaction. It is not improbable that the isomeric diphenyl- 
rnethylacetaldehyde, which was prepared by Tiffeneau and Dorlcn- 
court by the dehydration of .ap-dihydroxy-ap-diphenylpropane 
(Am. chim. phys.,. 1909, [viii], 16, 237) and which is described by 
those authors as an oil, may also have been formed by the elimin- 
ation of the amino-group of ,3-hydroxy- « ( 3-diphenylpropyIainine. 
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Adion of Nitrous Arid on ^Hydroxy- %%-rf i phenyl- <5 - 1 pphthyhihyl- 
aminc. 

The amino-alcohol was prepared by acting on desylamine hydro- 
chloride with magnesium a* naphthyl bromide (Ivc. cit.). To a 
cooled solution of the amino-alcohol (3*4 grams) in CO per cent, 
acetic acid a solution of sodium nitrite (2 grams) in 11 c.c. of water 
was gradually added during twenty minutes. A white solid was 
precipitated during the addition, and some oil had also separated 
over-night. The mixture was made alkaline with sodium hydroxide 
and extracted with ether. The product from the ethereal solution 
was an oil, which was dissolved in hot light petroleum (b. p. 40 — 
GO 0 ). Crystallisation started on cooling, and after one further 
crystallisation the product was pure. Yield — 2 grams. The 
compound, C 21 H ls O, which is either naphtbyldeoxybenzoin or one 
of its isomerides, is sparingly soluble in light petroleum (b. p. 40 — 
GO 0 ), from which it separates in rectangular prisms, and melts at 
1 07—108° (Found : C - 891 ; H -= G O. Calc., C = 89*4 ; H =5*0 
per cent.). 

The statement made by McKenzie and Barrow {toe. cit.), that 
[^hydroxy- a^-diphenyl-p-naphthylethylamme is converted by nitrous 
acid into the diphenyl -a-naphthyl glycol prepared by Acree from 
benzoin and magnesium a-naphthyl bromide {Bcr. } 1904, 37, 2704), 
is incorrect. The action of nitrous acid was conducted on that 
occasion in the presence of dilute hydrochloric acid, and the 
solid which separated was the crude hydrochloride melting with 
decomposition at a point close to that given by Acree for tie* 
glycol. 

Action of Nitrous Acid on y -Hydroxy- xyy-tripfanylpropyhi m int . 

Kthyl (i-amino-^-phenylpropionate, prepared by estorifying 
fj-amino-ji-phenj’lpropionie acid (Posner, Ber., 1905, 38/ 2310) 
with ethyl alcohol and hydrogen chloride, boiled at 149/12 mm., 
whereas Fischer {Ber. t 1910, 43, 2020) gives 150/13 ram. 

The preparation of the amino-alcohol presented difficulties, and 
tlie following conditions were ultimately arrived at. An ethereal 
solution of the ester (15 grams, 1 mol.) was gradually added to the 
(Jrignard reagent prepared from bromobenzene (98 grams, 8 mols.). 
After heating for nine hours, the additive compound was decomposed 
by ice and ammonium chloride, the ethereal solution dried by 
anhydrous magnesium sulphate, the ether expelled, and the 
residual oil triturated with light petroleum to remove the diphenyl, 
and then dissolved in hot ethyl alcohol. Over-night at about 8/ 
2*7 grams of the crude amino-alcohol had separated, and after 
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two crystallisations from a mixture of benzene and light petroleum 
(b. p. 00 — 7u°) 1*2 grams of the pure substance were obtained. 

y-Hy(Jroxy-ciyy-iriphenylpropyla m i ne, NHyCHPh’CHyCPlyOH , 
separates from a mixture of benzene and light petroleum in pris- 
matic needles, and melts at 146*5 — 147\5°. It may also be crystal- 
lised from ethyl alcohol, methyl alcohol, or ethyl acetate. It gives 
a reddish- orange coloration with concentrated sulphuric acid 
(Found : C = 82*8 ; H = 7*1. Gale., C - ■ 831 ; H = 7*0 per cent.). 

The solution of the amino-alcohol (0‘67 gram, 1 mol.) in 40 c.c. 
of 50 per cent, acetic acid was cooled in a freezing mixture, and 
3 c.c. of an aqueous solution of sodium nitrite (0*0 grain, 3 mots.) 
were gradually added within fifteen minutes. A tiocculcnt pre- 
cipitate (0'6 gram) separated. Over-night, this was crystallised 
from benzene, and then from a mixture of benzene and light 
petroleum. Yield — 0*3 gram; in. p. \21\y — 12S*5\ A trace 
of the substance when added to concentrated sulphuric acid became 
bright scarlet, and the solution had a pale orange tint. This 
colour reaction is distinctly different from that exhibited by 
y-hydroxy-xyy-triphcnylpropyhmiine, aiul is identical with that 
of ay-dihvdroxy- axy-tripheny ’propane, which had been prepared 
some years previously by McKenzie and Martin (T., 1913, 103. 
114) by the interaction of magnesium phenyl bromide and [i -hydroxy • 
(3-phenylpropionic acid. The melting point of the compound, 
obtained as just described, was not depressed by admixture with 
some of the product prepared by McKenzie and Martin. 

Action of X it rous Acid on y- Hydroxy- xyy-b-.'pA* nylUo prop plain i ne. 

Dry hydrogen chloride was passed through a mixture of phenyl- 
alanine (5*6 grams) and LOO c.c. of ethyl alcohol for one hour, ami 
the mixture hoi led for one hour longer. The solution was con- 
centrated, and the resulting solid crystallised from a mixture of 
toluene and light petroleum. Ethyl phmylalaninc hydrochloride 
crystallises in needles, ami melts at 124 -125 . 

This ester hydrochloride (3*4 grams, 1 mol.) was gradually added 
within half an hour to the Grignard reagent prepared from bromo- 
benzene (10*5 grams, 6 mols.). The mixture was heated for nine 
and a half hours, and the additive compound decomposed by ice 
and ammonium chloride. The undissolved solid was crystallised 
from ethyl alcohol, when 0 3 gram of the pure amino-alcohol was 
obtained. The ethereal solution from which the solid had been 
removed was heated to expel the ether, ami the diphenyl was then 
removed by distillation in steam. The residual oil gradually 
solidified, and was then crystallised from ctbvl alcohol. Total yield 
- -1*8 grams. 
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y‘Hydroxy><xyy4riphenyl’mpropyhminc ) QH 2 Ph'CY[(tVtt 2 yQP\i 2 'OH f 
separates from ethyl alcohol in glassy needles, and melts at 144*5 — 
145*5° (Found: C = 83*0 ; H = 7*0. Calc., C = 83;1 ; H — 70 
]»er cent.), 

A solution of the amino-alcohol (1 gram) in 25 per cent, acetic 
acid was cooled in a freezing mixture, and an aqueous solution 
(5 c.c.) of 0*7 gram of sodium nitrite was added during forty-five 
minutes, A bulky, gelatinous solid (0’71 gram) was deposited, 
and this was crystallised twice from light petroleum (b. p. 40 — 60 ). 
Tho product contained no nitrogen, and amounted to 0*33 gram. 

The compound, C 21 H is O, which is probably diphenylmethyl 
benzyl ketone, separates from light petroleum in rosettes of glassy 
needles, and melts at 121 *5 — 122\ It is readily soluble in ethyl 
alcohol and in benzene (Found: C-S8'2j H - 6"). Calc*., 
C 881 ; H - 6*3 per cent.). 

The thanks of the authors are due to the Carnegie Trust for the 
assistance rendered in the prosecution of this research. 
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XT . — The Transition from the ('oUoidal to the Crysfai- 
loittal State. Solution# of Potassium Oleate. 

By Burrs Llioiiton Birctmshaw. 

It is a well-known fact that certain substances, for exam pic, potassium 
oleate an<l* tannic acid, bum colloidal solutions in water; but in 
organic solvents >ueh as aieolml or acetone, they give non -associated 
and practically m»n-(lissoeiat»‘d solutions. This has been sjiown to 
be the ease f* »r potassium oleate (Laing, T., 1018. 113, 435). The 
transition from exlioid to crystalloid has been discussed in a theor- 
etical pajHT by Wilzemami { J . Physical Chun., 1922. 26. 3, 201), 
and it has always been assumed that the transition from the one 
to the other takes place gradually : but up to the present the question 
does not appear to have been investigated experimentally. In 
view of the extensive and important researches of MeBaiu and his 
collaborators on the salts of the higher fatty acids, it was decided 
to commence the study of this transition with an investigation of 
the behaviour of potassium oleate jn mixtures of water and alcohol, 
ami the present communication deals withihese solutions. 

The experimental methods included determinations of the density, 
viscosity, and surface tension of a complete series of mixtures from 
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pure alcohol jo pure water, each containing the Fame definite amount 
of the oleate. 

. * Exteeimehta l. 

Preparation of Materials . — Potassium oleate was prepared by 
neutralising pure oleic acid (Kahlbaum) with potassium ethoxide, 
prepared by dissolving potassium in absolute alcohol after washing 
it with ether. A few grams of this^olution were diluted with alcohol 
and titrated with a dilute solution of known concentration of the 
oleic acid In alcohol, using phenolphthalein as an indicator. The 
main part of the potassium ethoxide solution was then carefully 
weighed and the calculated quantity of oleic acid added. A large 
quantity of the salt immediately separated out. The flask was 
cooled in icc-water, and the salt rapidly filtered off by the aid of 
the pump, washed twice with a small quantity of alcohol and once 
with ether, and dried in a vacuum desiccator. In this way it was 
obtained as a white, voluminous poreder. 

The alcohol was prepared by boiling rectified spirit with recently 
ignited lime for two days, distilling off, and boiling the distillate 
under reflux with calcium. 

Densities .—^ The mixed solvents were made up by weight, and the 
solutions by volume in calibrated flasks at 25°. The densities 
were determined at 25° in a 20 c.c. pyknometer, corrected for buoy- 
ancy, and referred to water at 4°. The results arc given in Table I. 

Table I. 

I -nisi lies . 

P = Percentage of alcohol (by weight) in the solvent. 

D 0 = Density of the mixed solvent. -- Density of the solution. 


10 Gram of potassium oleate in 3*2 Grams of potassium oleate in 

100 c.c of solvent. 100 c.c. of solvent. 


p. • 

J>r 

!>,. 

P. 

IV 


00 

0-99707 

0-99757 

0 00 

0*99707 

0*99792 

1-19 

0-99435 

0-99534 

1*34 

0-99457 

0-99502 

3-20 

0-99122 

0-99180 

5-40 

0-98743 

0-98851 

7-88 

0-9 8305 

0-98417 

14-04 

0-97381 

0-97488 

10-79 

0-97091 

0-97180 

24-30 

0-96002 

0-90100 

25-58 

0-958U4 

0-95801 

33-00 

0*94410 

0*94521 

34-74 

0-941 90 

0-94230 

43-00 

0*92510 

0*92074 

44-72 

0*92140 

0-92247 

5302 

0-90303 

0*90507 

54-10 

0-90042 

0-90120 

63-62 

0*87853 

0-88213 

04-31 

0-87090 

0-87801 

74-40 

U- 85205 

0 85083 

75-07 

0-85117 

0-85270 

85-84 

0- 82440 

0*82972 

85-90 

0-82415 , 

, 0-82397 

91-07 

0-81074 

0-81743 

91-97 

0*80831 

0-81034 

94-13 

0*80230 

0*80953 

98-10 

0-79099 

0*79338 





In Fig. 1 the increase of density is plotted against the percentage 
(volume) of water in the mixed solvent. 
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Viscosities . — The viscosities were determined in a geometer of 
the Oswald type, with a capacity of 18 c.c., and a capillary 6*8 cm, 
long and 0*053 cm. in diameter. The time of flow for watpr at 25° 
was 283 seconds. Great care was taken to keep the Capillary free 
from dust and from the very fine particles of fibre which are usually 
found in solutions. Before making a measurement, each solution 
was allowed to settle for at least a week, and was then blown over 
into the instrument by means of dry dust-free air, purified from 
traces of carbon dioxide. The viscometer containing the solution 



was allowed to remain in the thermostat for twenty to thirty 
minutes before taking a measurement, The times were taken with 
a stop-watch reading to 0*2 of a second, and the thermostat was 
maintained at 25° ± 0*01°. 

Several observers have detected changes in the viscosity of 
colloidal solutions with time. A A T /1 0-solution of the potassium 
oleatc used in these experiments was found, however, to have a 
time of flow* of 302 seconds at the beginning of August when frcshly- 
p repared and of 391 seconds on October lftth, showing that this 
change does not occur in the solutions under investigation. 

The results are given in Tabic II. 
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Table II. 

Viscosities. 

t — Tin>e of flow of the solution (seconds). 

i; 0 ^ Viscosity of the solvent. ^ --- Viscosity of the solution. 


10 Gram of potassium oleate in 3-2 Grains of potassium olealo in 

100 c.c. of solvent. 100 c.e. of solvent. 


p. 


V 


V. 

t. 

i)o- 

Dl- 

0*0 

31!) 

890 

1005 

0-0 

392 

890 

1240 

11!) 

334 

955 

1050 

1*34 

411 

955 

1290 

3*ilO 

362 

1055 

1 135 

5-16 

481 

1160 

1500 

7*88 

432 

1270 

1345 

14-04 

652 

1575 

2010 

16-79 

5 S3 

16S0 

1785 

24-30 

S 17 

1955 

2480 

23*58 

714 

1985 

2165 

33-60 

913 

2215 

2720 

34-74 

798 

2243 

2375 

43-00 

924 

2360 

2705 

44*72 

827 

2350 

2410 

53-02 

906 

2285 

2590 

34-16 

822 

2270 

234U 

03*02 

811 

2140 

2340 

64*31 

774 

2120 

2145 

74-46 

700 

1900 

2055 

75-07 

704 

1885 

1895 

85-84 

‘ 654 

1575 

1710 

85-96 

010 

1500 

1590 

91-07 

606 

1400 

1565 

91-97 

554 

1370 

1420 

94-13 

574 

1300 

1470 

98-10 

481 

1150 

1205 

97-30 

536 

1 180 

1355 


in Fig. 2, the percentage increase of viscosity is plotted against 
the percentage (volume) of water in the mixed solvent. 

Surface Tensions —The surface tensions were determined in the 
modified Harkins apparatus which has already been described 
(X., 1922, 121, SS7). The drops were blown out rapidly (two to 
three seconds) and allowed to hang from the tip for sixty seconds 
and then to fall under the influence of gravity, in this way, 
considerable time was allowed for the attainment of equilibrium at 
the surface. In each determination, thirty drops were collected 
and weighed and two determinations agreeing within 0‘2 per cent, 
were made at every concentration. The results are. shown in 
Table III. 

In Fig. 3, the lowering of the surface tension is plotted against 
the percentage (volume) of water in the mixed solvent. 

An interesting observation was that the lowering produced by 
a 1 per cent, solution of the oleate in water was greater than that 
produced by a 3' 2 per cent, solution. 

Discussion. 

In order to explain the observed high conductivity and com- 
paratively small osmotic effect exhibited by the salts of the higher 
fatty acids, McBaiti has put forward the theory that these solutions 
contain an ionic micelle op agglomeration of anions. To this com- 
plex ion, which is supposed to be heavily hydrated and to contain 
undissoeiated colloid, he assigns a high electrical blit low mechanical 
mobility. In very dilute solutions, these salts are present as simple 
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Table 111. 

Surface Tensions. 

W — Weight of the drop. ^ 

<r 0 — ISurfacc tension of the solvent. -- Surface tension of 
the solution. 


10 Grain of jjotnssium oleato in 3-2 Grams of potassium oloate in 

100 c.c. of solvent. 100 e.c. of solvent. 


I*. 

W. 

*r 

<V 

P. 

W. 

ff 0 . 

<T V 

ooo 

003242 

72*2 

25- 7 

0-00 

0*03573 

72*2 

28-6 

M9 

0*03357 

66-8 

20-8 

1 34 

0*03713 

65-0 

29 S 

3*20 

0*03347 

58-5 

26*7 

546 

0-04000 

54*0 

32*2 

7*88 

0*03935 

50*5 

31*7 

14-64 

004192 

42*0 

33*8 

16*79 

0*04302 

40-4 

34*8 

24*30 

0 03992 

35-2 

32*2 

25-58 

0*04033 

344 

32*6 

33*60 

0 03725 

31*6 

30-0 

34*74 

0*03755 

31*2 

30*2 

43*00 

0*03540 

29*2 

28*5 

44*72 

0 03535 

28*9 

28*6 

53 02 

0 03391 

27*6 

27*0 

54*13 

0*03414 

27*3 

274 

63*62 

0 03279 

264 

26*1 

64*31 

0-03280 

20-3 

26*3 

7440 

0-03144 

25*0 

24*9 

7507 

0-03153 

25*0 

25*3 

85*84 

0-02993 

23*7 

23 -G 

85*96 

0-03000 

23*6 

24-0 

91-97 

0-02915 

23*3 

23-0 

91*97 

0-02918 

23-2 

234 

94-13 

0-02861 

22*8 

22-5 

08-10 

0-02810 

22-3 

224 






Pig. 3. 



l\r oaf. oj ithylukohvL 


inns, hut as tin* concentration rises the proportion « f colloid -hotli 
undissociatcd colloid and micelle — rises. MeBain and his pupils 
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have brought forward considerable evidence to show that there is 
a definite equilibrium, 

colloid micelle 

it . .it 

crystalloid ions 

Their diagrams also indicate that the ratio of neutral colloid to 
micelle does not vary very greatly with the concentration. In the 
particular case of potassium oleale their work has given us con- 
siderable insight into the probable structure of the colloidal aggre- 
gates and it was hoped that the present experiments would throw 
some light on the breakdown of the complex. 

An examination of the curves reveals the following features, 
(i) The increase in density of the solutions over that of the mixed 
solvent remains practically constant until the composition 40 — 50 
per cent, of alcohol is reached, when the curve rises rapidly and 
continues rising until the solution consists of pure alcohol, (ii) The 
increase of viscosity falls rapidly until the mixed solvent contains 
10 — lo per cent, of alcohol, when it becomes constant up to a com- 
position of 40 per cent, of alcohol ; the increase of viscosity produced 
by the colloid then falls rapidly to a minimum at 80 per cent, of 
alcohol, before rising slightly to the point representing pure alcohol, 
(iii) The curve showing the lowering of the surface tension sweeps 
down rather rapidly to the composition 40 — 50 per cent, of alcohol, 
when the lowering becomes practically zero, and remains so until 
the point representing pure alcohol is reached. 

The change of slope of these curves occurs at practically the same 
ratio of water to alcohol for the two concentrations of oleatc studied. 
This has been observed also in the case of viscosity maxima of col- 
loidal solutions in mixed solvents by Masson and McC'olI (T., 1920, 
117,819). 

The, experimental data show three well-defined stages in the 
transition from water to alcohol. Thus, (i) from 0 to 45 per cent., 
the density effect is constant and almost negligible in magnitude, 
whilst in the complementary range from 45 to 100 per cent, the 
surface tension effect is negligible. The two phenomena thus agree 
in dividing the range of concentrations into two approximately 
equal sections, and in this they arc in accord with the viscosity 
measurements, where a long period of constancy terminates at about 
45 per cent, of alcohol, (ii) The viscosit^curvcs, however, show 
a rapid drop from 0 t to 10 per cent., which divides the range from 0 
to 45 per cent, into two portions. The surface-tension curve in 
Fig. 3 rises to a maximum at much the same point and thus 
confirms the idea that a sub-division of the whole range into 
three parts is necessary. 
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The nature of the three stages in the breaking-down of the colloid 
is not yet clearly established. The surface-tension curves are 
perhaps the easiest to interpret, since it is clear that from 45 to 
100 per cent, of alcohol there is no tendency for the’ soap to be 
adsorbed at the surface ; its principal colloidal property has therefore 
disappeared. This may he taken to involve also the disappearance 
of the colloidal aggregate where a concentration of 45 per cent, of 
alcohol is reached. It remains to account for the initial stage in 
the breaking-down of the colloid, between 0 and 10 per cent., which 
produces no change of density, but causes a rapid fall of viscosity 
and a small rise of surface tension. It is suggested that this may be 
due either to a driving back of the electrolytic dissociation of the 
colloid, that is, to a return of the sodium ions to the micelle, or to an 
initial stage in the breaking-down of the micelle, but no conclusive 
argument can be used in favour of either of these hypotheses. 

Summary. 

(1) The density, viscosity, and surface tension of solutions of 
potassium oleate of two different concentrations in varying con- 
centrations of water and alcohol from pure water to pun 1 alcohol 
have been determined. 

(2) The experimental results suggest that there art* three stages 
in the breaking-down of the colloidal aggregate, extending over the 
ranges from 0 — 15. 15 — 15, and 45 — 100 per cent, of alcuhul. 

The author would like to express his gratitude to Professor T. M. 
Lowry for his interest in these experiments and for much valuable 
advice, and to the Department of Industrial and Scientilic Research 
for a grant which lias enabled this work to be done. 

Tin; \l Labokatokv, 

Tin: I'Mver.MTY, (.'ammumo:. ^ /.'* / > iced , Da'tinUr 2t i/A , ]'y22.j 


.ML- Sfutli** in thv n -lUityl Serif*. Part //. The 
Four Stereoi^mu nr fty-l nmm-n-buta ne*. 
liy (hutKitr T. Moiu.a'. and Wiu red John Hickin bottom. 

Is tlie course c f a study "f //.butyl derivatives we have examined 
the reaction of tin- Sy-dihaloguiated /(-butanes with ammonia and 
various primary amino. The chemical ( hanged involved in these 
condensations are very complicated and >o far the most definite 
results have Urn obtained with /Mniuidine. The main product 
of the action of the. aromatie base on .Sy-dich loro- »-l»u1 a uc or the 

vol. twin. i: 
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correspond^ Jly-dibromo-derivative is a mixture of [Sy-di-p- 
tolylamino-n-bittanes, whereas the most readily recognisable by- 
product.is 3:5: 1-trimethylacridine (IV). 

On isolating the foregoing diamines with the aid of their hydro- 
chlorides and picrates it was found that two isomeric bases were 
obtained, one melting at 62 — 63° and the other at 57—58°. 

The less fusible isomeride, which was resolved by means of d-a- 
bromocamphor-7r-sulphonic acid into optically active dextro- and 
Ijevo -modifications, is accordingly the externally compensated 
d\-$y-di-j>-tolylamino-n-butane (I and II). 

H _ H 

ch 3 -c-nh/ >Cir 3 Ctt/ NH-C-CH,, 

CHjC ch 3 -c-xh< )ch, 

N—/ j'j • H 

{!-) (U.) 

The more, fusible isomeride. which could not be resolved, is the 
internally compensated mctO'fiy-di-p-toIyhimiuo-nJjutane (III). 


ch 3 -c-xh/” ) cu , 

M'H, 


(ill.) i 

ch 3 -c-xh 

II 


CH I I 
3 \/\ 


\/\ 
I 

£ 


(II 


3 (IV.) 


The four stereoisomerie 'ty-di-p-tolylamino-n-bulanes demanded by 
theory have thus been obtained in a definitely crystalline form. 


M.p. .J/jS. 

rf/- 07 *Di-^-tolylamiuu.»(.bulaii<' <»2 -03 

rf-jBY-Di-p-toiylaiiiino-M-butaiie Si'— KS * 2(58 

£0y-Di-p*lotylftiniiio-7i-l)UlajH' ST — SS 

TO€#o-j3yd)i-^-tolylamino-7i-i)ut)in*‘ 37 — 38 


The d- and (-modifications crystallise in enantiomorphously 
related forms of the orthorhombic system and show no similarity 
to the tn($o- isomeride. The (//-form, on the other hand, is almost 
identical crvstallographically with the active enantiomers, but it 
is not possible at present to state whether this is referable to a 
spontaneous resolution into an optically active conglomerate or to 
its occurrence in a pseudoracemoid condition. It is honied to settle 
the question definitely as soon as a sufficient amount of material is 
available. 

Prolonged heating of the hydrochlorides of the foregoing diamines 
in the presence of excess of /y-toluidine leads to a decomposition 
of these bases with the production of 3 : 5 : 1 -trimethylncridine (IV). 
The constitution of thfe acridine was determined by preparing the 
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base synthetically from acetaldehyde, p-toluidine, an< p-toluidine 
hydrochloride. The two preparations gave identical products. 

Experimental. 

Preparation of $y-DicMoro-n-butane and [iy - L ibrorno -n-bulaue. 

The vapour of w- butyl alcohol * was passed through glacial phos- 
phoric acid maintained at 300 — 350 3 in a cylindrical copper vessel, 
the resulting crude A 3 - butylene was cooled to room temperature 
and passed into a flask cooled in a freezing mixture, gaseous chlorine 
or liquid bromine being introduced into this absorption vessel at 
such a rate that only a slight excess of halogen was present through- 
out the operation. The crude butylene dihaloids were washed 
successively with aqueous alkali and water, dried, and distilled. 
The dichloride, fractionated several times to remove chlorinated 
products, was ultimately collected in the fraction 115-2 — 115-5 "'/Tod 
mm. The dibromide was fractionated repeatedly until the purified 
product boiled at 157 — 158° under the ordinary pressure. 

Condensation of [iy-Dichloro-n-butane and p-Tduidina. 

The dichlorobutane was heated with four to six molecular pro- 
portions of p-toluidine, the temjK-raturc being maintained at about 
130 — 1405 After thirty hours, concentrated aqueous sodium 
carbonate was added and the excess of p-toluidine removed by 
distillation in steam. The dark, non-volatile residue was extracted 
with ether, the dried ethereal extract being distilled up to 2905 
The fraction {A) collected between 200 and 290 ~ was reserved for 
subsequent examination. The bulk of the condensation product 
which remained in the distillation flask was warmed with diluted 
hydrochloric acid, 40 e.c. of concentrated acid and 100 c.c, of water 
being used for 20 grams of the crude mixed bases. The dark, gummy 
mass on trituration changed into a hard, bulky, crystalline nfagina, 
which was recrystallisod from boiling water. After separating a 
dark oil (//), the yellow, crystalline solid (C) was removed from the 
mother-liquor (/>) and decomposed with aqueous sodium hydroxide, 
when a diamine separated as an oil which solidified on cooling. 
Crystallisation of this product from alcohol yielded the externally 
compensated base, d I - !iy- d i -p - tolyl amino-n-butane. The alcoholic 
mother-liquor and the solution {If) gave further quantities of this 
base in the form of its pierate. The crude diamines, dissolved in 
benzene, were treated with a molecular projx>rtion*of picric acid, when 
on warming, the (//-pierate separated in bulky, orange-rod crystals. 

* The authors’ thunks arc Hiu* to Captain Desbo rough of tin 1 Royal Naval 
Conlito JKuvtmy fur supplies uf it-butyl alcohol. 
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The benzeni mother- liquors of the dl- pierate yielded on addition 
of aqueous ammonia crude mcso-fiy-di-pdolylamino-n-butane, this 
base being ‘purified by taking advantage of the slight solubility of 
its hjdrochloride in absolute alcohol. The alcoholic solution of 
the crude diamine was evaporated to dryness with a slight excess 
of hydrochloric acid, and the residue extracted repeatedly with 
small quantities of warm absolute alcohol. The hydrochloride of 
the meso-diaminc remained as a colourless powder. 

The dark oil (B) on extraction with ether left a dark brownish 
yellow solid (the acridine by-product), whilst the ethereal extract 
contained a further quantity of the dl- and m.e.s 0 -|Sy-di*p-tolylamino- 
m - butanes. These mixed diamines were converted into hydro- 
chlorides and the crude salts extracted with alcohol, when the meso- 
salt remained undissolved, whereas the mother-liquor contained 
the tfMsomcride and was worked up for this diamine together 
with the more soluble hydrochloride obtained from the mixed 
pierates. 

The Externally Comiwnsatcd Base xM-'^y -Di-p-iolylami no-n-butanc.~ 
This diamine, obtained through its pierate, was set free by ammonia 
and purified by crystallising from alcohol; it separated in tabular, 
six-sided crystals, and melted at 62 — 63° (Found ; 0 — 80-9 ; 
H — 94; X -= 10*7. C, 8 H 2 ,X 2 requires C — 80*74 ; H — 9*02; 
X — 10-44 per cent.). 

The dl -hydrochloride crystallised from water or very dilute hydro- 
chloric acid in hard, nodular crystals containing water of crystal- 
lisation (Found : X = 7 *.j 4 ; Cl ~ 18*77. C 18 H 24 X 3 ,2HC1,2H 2 0 
requires X = 7*43; Cl — 18*80 per cent.). On drying at 100 w , a 
rapid loss in weight of 9 — 10 per cent, occurred corresponding witli 
elimination of the water, hut longer drying led to a further loss, 
the residue being yellow and finally brown. After several days at 
100 3 , the chlorine content had dropped to 17*24 per cent, and the 
total loss was 12*3 per cent. 

The dl-zivcichloride, precipitated as a white, curdy solid on mixing 
ethereal solutions of its generators, was hydrolysed by warm water 
(Found: Cl = 17*64. C’ ls H 24 N.>,Zn( 'U requires Cl — 17v>3 per 
cent.). The d\- pierate separated from a benzene solution of picric 
acid and the diamine in orange -red, felted crystals, drying to a 
golden yellow colour and melting at 170 to a red liquid (Found : 
X — 14-19. C j 8 H 2 jX 2 , C 8 H 3 O s N 3 requires X 14*08 per cent.). 
The pierate was only sparingly soluble in cold benzene, ether or 
light petroleum, dissolving more readily in ethyl acetate. 

d\’Dibenzoyl-fy-di-\>tolyhmiiio-nd)vtnne crystallised from alcohol 
in prisms melting at *2l4 3 (Found : X 6*29. C. (2 H M 0 2 N„ requires 
X — 5*88 per cent.). 
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d\-n-Butylcne-$y-di-p- tolyldinitrozod iam ine , 

C : H 7 -N(NO)*CHMe-CHMe-N(NO)< , 7 H 7 , ■ 

prepared by adding aqueous sodium nitrite to the diamine, dis- 
solved in 50 per cent, acetic acid, was precipitated by ether and 
crystallised from light petroleum in tabular crystals melting at 
88 — 80°; it responded to the Liebermann test (Found : X = 1742. 
C, 8 H 22 0 2 N4 requires X — 17*17 per cent.). 

The tetrakydroglyoxaline derivative of the ctf-diaminc was obtained 
by wanning an alcoholic solution of this base with 30 per cent, 
neutral formaldehyde solution. On cooling, the product separated 
and was re crystallised from alcohol in tabular forms melting 
at 107—108° (Found : X *= 10*28. C 19 H M X 2 requires X = 10*00 
per cent.). This tetrahydroglyoxaline was soluble in the ordinary 
organic media ; its pic-rate crystallised from benzene in clusters of 
bright yellow needles melting at 137 J , 

Resolution o] d 1 - 'iy- /h-p -tolyla m in o-n-bit (a n t . 
Preliminary experiments with Reychlers camphorsulphonic acid 
failed to produce any resolution ; the d-camphorsulphonatc separated 
in prismatic needles melting at 222' with effervescence, and no 
appreciable separation was observable after repeated crystallisations 
from dilute alcohol. The resolution was, however, effected by 
adding 5*3 grams of d-sdiromocamphor-T-sulphonie acid in 18*5 c.c. 
of water to the externally compensated base (2 1 grams), dissolved in 
a small amount of ether. A viscous, semi-solid mass resulted which 
on warming with more ether became harder and more crystalline. 
The precipitate was washed rejx'atcdly with ether until quite hard; 
the residue then weighed 3 3 grams. After one crystallisation from 
alcohol this salt was decomposed with dilute aqueous ammonia and 
the liberated diamine separated by extraction with ether. 

dextro*3y- 1)i^-tohjhimiuo-n-butam (formula I) separated 'from 
alcohol in hard, colourless tablets melting at 87 — S8 C ; it was more 
sparingly soluble in alcohol and light petroleum than the dl - base 
(Found: (’-=80*6; H —94; X - 10*5. C^H^X., requires 
C = 80*54: H — 9*02: X - 1044 per cent.). A determination 
of its optical activity in commercial absolute alcohol ( c = 3*35) 
gave [aJ{S -j- 100°, whence [J/]f -f- 208*. 

The d-hydrochloridi’ separated from water containing a little 
hydrochloric acid in slender, anhydrous needles (Found : Cl = 20-8. 
C 18 H 24 N 2 ,2HC1 requires Cl = 20*78 per cent.). 

]x\'Q-fiy-I;i-\)-tohjlami>io-n-huta)i< (formula II) was isolated from 
the more soluble portions of the rf-a-bromocSmphor-r-sulphonate 
by decomposing this salt with dilute ammonia: the diamine was 
crystallised repeatedly from light petroleum ami absolute alcohol. 
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It separated from the latter solvent in tablets melting at 87 — 88° 
(Found: 0 = 80*65; H = 9*15; N = 10*6. C 18 H 24 N 2 requires 
C = 80* f 54;, H = 9*02; N = 10*44 per cent.). A determination 
of optical activity in commercial absolute alcohol (c = 3*33) gave 
[<x$‘ - 98°, whence [MJ jf - 263°. 

The ]- hydrochloride separated from very dilute hydrochloric acid 
in colourless, slender needles (Found : Cl -= 20*82. 
requires Cl = 20*78 per cent.). 

Equal weights of the d- and ^diamines, when mixed and dissolved 
in alcohol, yielded the cZZ-base on concentration of the solvent. 

maso^y'lJi-^dolylamino-n-butane (Formula III). — This diamine, 
which was obtained from the hydrochloride remaining insoluble 
after extraction with absolute alcohol, showed at first no tendency 
to solidify, but was finally obtained crystalline by inoculation with 
a fragment of solid obtained by cooling a portion of the amine to 
— 15° in the presence of light petroleum. The maso-diamine 
separated from light petroleum in tabular crystals melting at 57— 
58° (Found : C = S0-0; H = 9*2; X = 19 6. requires 

C — 80*54; H = 9*02; X = 10*44 per eont.). 

The meso- diamine was more soluble in organic solvents than the 
externally compensated base. Unlike the latter, it gave a d 
bromoeamphor-r-sulphonatc which remained homogeneous after 
repeated crystallisation from aqueous alcohol. 

The meso -hydrochloride crystallised from aqueous alcohol in 
prismatic needles melting at 229— 230 : {Found : X — 8*46; (1 
20*75. C 18 H 24 X 2 ,2HC1 requires X = 8*21 ; Ul - 20*78 jK*r cent.). 
The meso-dibenzoyl derivative separated from alcohol in small, 
white crystals melting at 193— 194' (Found : X 5*7. C :r H.,. > 0.,X >> 
requires X — 5*S8 per cent.). 

meso-n-Bid ylen e* $y-di-\)-tol yldi n i from! iam i u > , 

C 7 H 7 *X(XO)*CllMe*UHMe*X(XO)*C 7 K 7 . 
prepared by adding sodium nitrite to the M<*0*dianune, dissolved 
in 50 per cent, acetic acid, crystallised from warm methyl alcohol 
in iridescent tablets having a slight buff tint ; it melted at 146-147 
(Found: X = 17*48. U 1S I1 22 0 2 X 4 requires X 17-17 jiermit.). 'Hie 
me^o-dinitrosodiamine was distinguished from its dl- isomeride in 
being less soluble in methyl alcohol, and may lie isolated from a 
mixture of the two by crystallisation from this solvent. 

On adding concentrated hydrochloric aeid to thedinitrosodiamine 
(1*1 grains) dissolved in 15 c.e. of glacial acetic aeid on the water- 
bath, effervescence occurred with evolution of brown fumes. The 
heating was continued until the action had ceased, when the solution 
was diluted with water and extracted with benzene to remove tar. 
moso-'iy-Jji-p-folylajniKu-n-butane was liberated from the aeid aolu 
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tion by adding sodium hydroxide arid extracting wr^i ether, and 
was converted into its sparingly soluble hydrochloride (0*35 gram). 
The low yield was probably due to oxidation during the liberation 
of nitrous acid ; the product was, however, meso-diaraine identical 
with that isolated from the condensation between butylene dichloride 
and p-toluidine. 

The tdrahydroylyoxaline of the mwo- diamine separated in thin 
plates or laminae on mixing an alcoholic solution of the base with 
aqueous formaldehyde. After crystallisation from alcohol this 
compound was obtained in colourless needles melting at 94 c (Found : 
X — 10*19. t‘ 19 H 24 X 2 requires X = 10*0 per cent.). 

The By-j/rodud, 3 : 5 : l-Trimtikylacridiite (Formula IV). —The 
dark oil B (p. 99), when extracted with benzene and ether to remove 
the isomeric diamines, left a dark solid residue of a hydrochloride . 
This residue, when purified by repeated crystallisation from hot 
water, separated in felted masses of bright yellow, hydrated needles 
sparingly soluble in cold water. On drying, this hydrochloride 
lost 17*2 per cent, of water, and the residue gave Cl ~ 13*05, 13-33. 
(\ 8 Hi 5 X,Ha,3H 2 0 requires H,0 - 17*3. C lfi H 15 X,llU requires 
Cl = 13*76 per cent. A dilute aqueous solution of this hydrochloride 
showed an intense green fluorescence. 3:3: 1-Tritndhyhcridine, 
obtained as a white, flocculent mass by adding ammonia to the 
yellow hydrochloride, was dried, and crystallised from light petroleum 
(b. p. 80 — 100°) in long, pale yellow needles melting at 133 — 134°; 
by slow crystallisation, well-formed, amber crystals separated 
[Found : C — 87-2; H — 7*1 : X - 66. J/ 221 in benzene 
by freezing point (c 2*00). V 1B H 15 X requires C SG-9 : H — 6*8: 
X — 6-3 per cent.: M - 221]. The colourless needles of 3:5: 7- 
trimethylaoridiue contained water of crystallisation ; on drying 
in a vacuum desiccator, they become opaque and fall to powder. 

The iodide separated from boiling water in orange-red. anhydrous 
needles sparingly soluble in hot water (Found : 1 - 30*38. 
r i6 H 15 X,HI requires I — 36-35 per cent.). 

The perchlorate formed light yellow crystals sparingly soluble in 
cold water; its dilute alcoholic solution showed an intense green 
fluorescence. The dichromate was a bulky, yellow precipitate, and 
the picrate a bright yellow, sparingly soluble powder melting at 
225—226°. 

3 : 5 : 1 -Trimdhylacridinc nitrate separates from warm water in 
small, yellow needles (Found : X 10-26. C 16 H 1S X.HX0 3 requires 
X 9*80' per cent.). 

3 : 5 ; l-Trimdhylacridinium unthyl iotiid*\ prepared by warming 
the acridine with an excess of methyl iodide, crystallises from warm 
water in sh inier, scarlet needles (Found : 1 34 - 58 . r,-H 1# XI 
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requires I = 4 . 34*95 per cent,). It is nyt readily soluble in cold 
absolute alcohol or water, but is more soluble on warming. A dilute 
aqueous 'solution, when treated with a dilute solution of sodium 
hydroxide, rapidly yielded a greenish turbidity, which gradually 
became white. 

3:5: 7-Trimethylacridine was synthesised in small yield by 
adding 6 c.c. of acetaldehyde to 10 grams of purified p-toluidine, the 
solution being warmed on the water-bath until it became dark red. 
Fifteen grams of p-toluidine and 9 c.e. of concentrated hydrochloric 
add were added, the mixture was heated on the sand-bath for nine 
hours, and then poured into excess of dilute hydrochloric acid. 
The precipitate was recrystallised from hot water and after two 
crystallisations 0*35 gram of air-dried 3 : 5 : 7-trimcthylacridinc 
hydrochloride was obtained (Found : H.»0 — 17-05 per cent.). 
A portion was converted into iodide (Found : I — 36-40. C lf) H 15 N,HI 
requires I =- 30-35 per cent.). The base, liberated from its salts 
and recrystallised from light petroleum, melted at 133" and was 
identical with the foregoing product. 

Conversion of fa- ! yla mi no*n-butane into 3:5: 7-7W- 
meihylacridine . -The hydrochloride of d/-£y-di-p-tolylaininobutane, 
when heated in an open tube for twenty-five hours, gave a white 
sublimate which subsequently darkened. The product was then 
rendered alkaline and distilled in steam, when p-toluidine was 
identified among the volatile products. Trimelhylacridinc was not 
detected among the non-voialile products. When the hydrochloride 
from 5 grams of (//-diamine was heated with 8 grams of p-toluidine 
in an open tube at ISO -220 for forty hours, a small amount of secon- 
dary base was identified among the products volatile in steam. From 
the non-volatile residue 1 gram of trimethylaeridine hydrochloride 
was isolated and further amounts were recovered in the form of 
picrate. The non-volatile residue insoluble in dilute hydrochloric 
acid was identified as di-p-tolyluinine. 

Notes on the Reaction hetv'een the [i y-] fihatoijnintfd n- tin tones and 
\\-Tohiidim . 

In repeated condensations it was found that tin- yield of fiy-di-p- 
tolylamino-n- butanes diminished when either the reaction was pro- 
longed or the temperature was too high. Fifty grams of [ly-dichloro- 
n-butanc and 200 grams of p-toluidine heated for forty hours at 
140 — 150° furnished 27 grains of the til -diamine. 1 1 grams of the mow- 
diamine, and 1 gram of 3 : 5 : 7-trimethylacridine. When the time 
was prolonged to sixty hours, the yield of diamines decreased 
and the amount of 3 5 : 7 -trimethylaeridine rose to 7 grams. 
At 180- 220 ' for forty hours, the diamines disappeared and the only 
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recognisable products were 3 : 5 : 7-trimethylacridin| and di -p 
tolylamine (m. p. 79°; nitrosoamine, ra. p. 101 — 103°). 

py-Dibromooi- butane reacted with yetoluidine in a, similar 
manner but more readily, so that it is unnecessary to give details 
of the condensation. 

The more volatile by-products (fraction A , p. 99) contain mono- 
amines produced by the interaction of p-toluidine and the dihalo- 
genated w* butanes in molecular proportions; these substances are 
under examination together with the products of the action of 
ammonia and other bases on the d i halogen at ed butanes. 


The authors desire to express their thanks to the Department of 
Scientific and Industrial Research for grants which have partly 
defrayed the expense of this investigation. 

Cue m lew l Dec a kt.he x t, 

University or .Birmingham, 

Kdcb astun. ytcceiwl, December I'Mb, 1322. J 


XIII. — Investigation s on the Dependence of Rotatory 
Power on Chemical Constitution. Part XVIII* 
The Di-Vmenthyl Esters of the Saturated Di - 
carboxylic Acids. 

By Leslie Hall. 

It has been shown in the earlier parts of these investigations, and 
particularly jn Part XIII, that the rotatory powers of those 
members of a homologous scries containing within the molecule a 
chain of five (or a multiple of five) carbon (or carbon and oxygen) 
atoms frequently deviate considerably from what may be con- 
sidered to be tin* normal values for such compounds. In Part XVI. 
however, a homologous series of optically active ester's of dibasic 
acids is described in which this effect is subordinated to, and almost 
obliterated by, an alternating effect due possibly to the alternate 
cm- and Iran *- structure of the saturated dicarboxylic acids and 
their derivatives. In the latter investigation, too, it was shown, 
as was perhaps to he expected, that the optically active esters of 
the dibasic acids exhibit complex rotatory dispersion which persists 
over a wider range of experimental conditions than does the com- 
plex rotatory dispersion shown by the corresponding esters of the 
monobasic acids. This effect can be attributed to the fact that in 

* hi this paper retemevs lire made to I’art XIII, this vol.. ji. 1, ami to 
Uart XV J, itmi.f J). 32 , 
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the former case there are two centres of possible dynamic isomerism 
— carboalkyloxyl groups — in the molecule, whilst in the latter 
case there is only one. 

In view of these facts, then, it was considered of interest to extend 
the scope of the investigation to include another similar series of 
dibasic esters with a different alcohol as the source of optical 

Fig. 1. 

The specific rotatory powers, [a] 6m , of the dibasic esters of 1 -menthol. 

I. In 5% chloroform solution. 

II. Ditto. Values given by Hildilch. 

III. In the homogeneous state ul 80°. 



activity. Such a series lias already been described by Hilditch 
(T., 1909 , 95, 1581 ), and his results show an abnormal value for 
the rotatory power of the adipic member which cannot be explained 
by any theory put forward iri this series of investigations. In 
view of the conclusions summarised in Part XIII, it was thought 
that this abnormality might reappear, perhaps in a modified form, 
at that member of the series containing five more carbon atoms 
than the adipate, and, in order not only to render the results 
comparative, but also to carry out measurements of rotatory 
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dispersion, it was decided to synthesise the whole t^ries afresh 
from the oxalate to the n-decane-DiK-dicarboxylate. 

The results of this investigation show that the abnormal value 
of the rotatory power of the adipic ester found by Hilditch has 
no real existence; that, within the limits of experimental error, 
the series shows a regular variation of rotatory power from member 
to member, except in the case of the oxalate and the malonatc 
and possibly with slight irregularities in the cases of the esters of 
the acids containing five and nine methylene groups; and that 
the esters all exhibit simple rotatory dispersion under all the 
experimental conditions studied. 

Fig. 1 shows, inter alia , the comparison between the results 
obtained by Hilditch and those obtained in this investigation. It 
will be seen that in every case except one the rotatory powers of 
the esters now described are considerably higher than those recorded 
by Hilditch, which is in itself strong evidence of the optical purity 
of these esters. In the one remaining case, it js found ttat the 
melting point of the ester of lower rotation now described is higher 
than that of the corresponding ester prepared by Hilditch, thus 
indicating a state of higher chemical purity in the specimen pre- 
pared in the course of this investigation. The high rotatory power 
exhibited by the oxalate has its parallel in the case of the di-rf-, r ;- 
octyl oxalate (Part XVI) and perhaps also in the abnormally low 
rotatory powers exhibited by the alkyl formates (Part XIII), the 
corresponding first members of the series of monobasic esters. 

The low* rotatory power of the malonatc is possibly due to the 
chain of three carbon and two oxygen atoms connecting the hydro- 
aromatic rings. 

* CHMe Cmie 

/ \ /\ 

Y h 2 CH, n <j tH, CH 2 
t’H a 6ll--()-C— nu— c-o— HO " Cl C 

\/ 1 2 3 ‘ 4 s \/ ~ 

ch y H 

CIlMe, CHMe, 


A eiVtoiiiiguration has already been assigned to malonie arid 
by Price and Brazier (T., Hilo. 107, lTlfi) and it will readily be 
seen that this formulation. 


CO 

di, 

CO 


OH 
OH ’ 


is by no means inconsistent with that adopted in this and earlier 
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rotatory jj^wer of those members of a homologous series which 
contain a complete chain of 5 x n atoms of carbon or of carbon 
and oxygen. 

That the suberic ester does not* show any irregularity of rotatory 
power as compared with the rotatory powers of the other members 
of the series is perhaps due to the fact that, although it possesses 
a chain of eight carbon atoms and two oxygen atoms connecting 
the hydroaromatic rings, this ester must be considered to possess 
a tran s - structure and so the development of the spiral form of the 
chain is prevented. It should be pointed out, however, that no 
irregularity can be detected in the rotatory power of di-tf-JS-octyl 
azelate (Part XVI), although this ester should possess a cis-con- 
figuration and contains five more carbon atoms than di-d- 3-octyl 
succinate, which possesses a low rotatory power. 

If the molecular rotatory powers of the esters be calculated, it 
will be seen that after the first three members they tend to a 
constant value, this being in accordance with Tschugaev's rule. 
A similar result is to be found in the case of the di- 3-octyl esters 
described in Part XVI. 

It is noteworthy that these esters exhibit simple rotatory dis- 
persion in that the variation of rotatory power with the wave- 
length of the light used can be expressed by a Drudc equation 
with one term. This was tested by the simple expedient of plot- 
ting the reciprocal of the rotatory power against the square of the 
wave-length, when linear curves were obtained. As, however, 
only three points were available for each ester, it was considered 
advisable to extend the observations, and accordingly the rotatory 
power of the sebacic ester was determined by a photographic method 
for radiations of shorter wave-length, using the iron arc as illuini- 
nant. Five additional readings were thus obtained and it was 
then found that the eight values of the rotatory power of this 
ester for radiations of wave-lengths between X f>8tW and X 1171)7 
could bo expressed by a Drudc equation with one term. 

It is also of interest to note that the specific rotatory powers of 
these esters are influenced only slightly by change of temperature. 
They are therefore very different from tin* corresponding esters 
of d-3-octanol, the rotations of which possess a considerable 
temperature coefficient. 

E X I* JS K 1 M E N T A I,. 

The /-menthol used throughout these experiments was specially 
pure material obtained from Schiinmel, and possessed [*]» 49-4fi 

in 5 per cent, ethyl alcoholic solution. 

The esters, with the exception of the magnate, were prepared 
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by the method described by Hilditch ( loc . cit .), that is, the pure 
acid chloride was mixed with a slight excess of menthol, and the 
mixture heated at 100° for four or five hours until the evolution 
of hydrogen chloride had ceased. The product was dissolved in 
ether, washed carefully with dilute aqueous sodium carbonate 
solution to remove traces of acids, and then distilled in steam 
to remove excess of menthol, it being found that the esters were 
unaffected by such treatment. The non-volatile residue of ester 
was extracted with ether, dried over potassium carbonate, and 
fractionally distilled under reduced pressure. 

1 -Menthyl Malonutr . — This ester was prepared by beating /-menthol 
(10 grams) with malonic aeid (3 grams) and three drops of strong 
sulphuric acid at 110° for fifteen hours. The dark-coloured product 
was dissolved in ether, washed with dilute sodium carbonate solu- 
tion, and purified as described above. 

The esters were obtained either as very faintly odorous, crystalline 
solids or as very viscous, odourless liquids. They were found to 
have the following melting and boiling points : l)i-/*menthvl 
malonate, m. ]>. 61 — 6 2 3 , b. p. 169 — 170’, I mm.; succinate, m. p. 
6*1°, b. p. 200 — 205 s , 2 mm.; glutarate, m. p. 45-46 c , b. p. ISO — 
183°/1 mm.; adipate, in. p. 63 — 64 : , b. p. 190 — 1 94 ' 1 min.: 
piinelate, m. p. 4.V, b. p. 216- 217 ,2 mm. : subcrate, m. p. 36 — 37', 
b. p. 205 — 208 i mm.; azelate, b. p. 225 — 228° 2 mm. : sebacate. 
b. p. 216 — 217° 1 nun. : w-nonane-xi-dicarboxylate, h. p. 235 — 
238 .3 mm.: h -decane- xK-dicarboxylate, b. p. 225 — 228' 2 mm. 

The specimen of the pimelic ester, in contrast to that described 
by Hilditch, boils without decomposition at 2 mm. pressure and 
shows no tendency to resin ify on keeping. 

In the case’ of the esters which are liquid at the ordinary tem- 
perature, density determinations were carried out using a carefully 
calibrated pyknometer holding about 1*5 o.c. at temperatures 
ranging from 20 ? to 100". The densities of the solid esters were 
determined at temperatures extending from their melting jwints 
to 1305 

Observations of rotatory power in the homogeneous state were 
made using a jacketed 50 mm. tube, round which hot oil was 
circulated. The light of the sodium flame and of the mercury 
arc were used for these determinations. The rotatory power of 
each of the esters was also observed using pure chloroform as 
a solvent. The same sample (4 the freshly purified solvent was 
used throughout the ex|>rriment*. In every case the rotatory 
power was observed using a 2-dem. tube, the Concentration of the 
ester in the solution being approximately 5 per cent. 

The rotatory jiowe^s of tin* esters were found to be unaffected 



110 HALL; INVESTIGATIONS ON THE DEPENDENCE OF 

by distillation under reduced pressure and by heating at atmo- 
spheric pressure to 140°. The /-menthol obtained by hydrolysing 
samples of each of the esters was found to possess its maximum 
rotatory power. 


Table I. 

Observations of Density, /)£, and Rotatory Denver t‘a the Homogeneous 
State. 

Rotations are here given as for a ]-dcm. tube and are all negative 
in sign. 

The values for the rotatory power of /-menthyl oxalate in the 
homogeneous state are not here reproduced, as they have already 
been published (Kenyon and Pickard, T., 1915, 107, 35). 


/-Menthyl malonate. 

Dl' 0-9443 at 76° ; 0 9292 at 95-5° ; 0-9149 at 112-5°; 0-9020 at 127-5*. 
°»89j 66-78° at 69°; 65-64° at 92°; 64-76 at 112°; Oil 90° at 129'. 
a 614I 77-94° at 70°; 76-54° at 93°; 75 $0° at 112°; 75-04° at 129°. 

« 131 , 128-50° at 69°; 126-68’ at 93 s ; 125-26’ at 112°; 124-06° at 129°. 


/ - Menthyl succinate . 

D* 0-9469 at 71°; 0-9249 at 97°; 0-9111 at 114 5°; 0 9038 at 124 5’. 
c lwl 72-42’ at 85°; 71-76° at 99-5 ; 71-30 at 120 ; 70-10° at 139°. 
• Mil 84*28° at 84°; 83-72° at ll«»° ; s3-2S= at 119" ; 82-50-* at 139 
a„„ 139-70° at 84° ; 139-04° at 100 ; 137-74 at 120°; 136-52° at 139 


/-Menthyl glutarate. 

1)V 0-9491 at 60’: 0-9396 at 74 ; 0-9313 at 83’; 0-11170 at 101 . 
oj, Ss 71-50° at 61°; 7004 at 84“ ; 69-16 at lop; 68-14 at 117 ; 6714 at 
134’. 

t- MU 83-96° at 62’; 82-34° at 85°; 81 U ' at 102°; 80-14’ at 117°; 78-74' at 
134°. 

140-56° at 61°; 137-30° at 85 ; 135 44 at 101 ; 133 64° at 117; 
131 64° at 134 \ 


/-Menthyl adipate. 

D* 0-9337 at 74-5’ ; 0-9196 at 91-5 : 0-9059 at lln-5”; 0- 8939 at 125-5°. 
«ssj 3 67-70’ at 79° ; 66-34° at 100°; 65-42’ at Ilf*'; 64-uO’at 142°. 

«ji«i 7914° at 78 s ; 77-72° at 10O J ; 76-84’ at 11s ; 75-34 at 143 . 
a iHi 132-44’ at 78 ; 130-12 at loo ; |27-96 : at 118 ; 125-68 at 142°. 


/-Menthyl punctate. 


T)\ 0-9479 at 5T ; 0-9361 at 65-5 ; 
c 669 , 68-32° at 60°; 66-78' at 80°; 

141° 

a JM1 79-88’ at OP; 77-.sy- at 81°; 
141°. 

a mt 132-74° at 61’ ; 130-0*, at 80° ; 
at 141°. 


0-9253 at So' ; 0-90x2 at I0l\ 

65- *6 at 98°; 64-38° at 1 20 » ; 62 82* at 

76-74’ at 99°; 75-48° at 120°; 74-10° at 

128-26° at 98 s ; 125 66° at 120“; 123 60° 
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Table I. — (continued). 

/-Menthyl su be rate. 

DJI 0 9432 at 50-5°; 0-0337 at 63-5"; 0-0213 at SO"; 0-0000 at lOl 1 . 
a 6«*s W*74° at 56°; 03-16" at 78°; 62-18" at 09"; 61-38' at 118"; 60-46" at 
137°. 

a u«i 76-28° at 57° ; 74-40° at 79°; 73-32" at 00"; 72-38' at 1.18"; 71-34" at 
138°. 

a 4S6S 127-08° at56°; 124*32° at 79°; 122*52' at 99"; 120-48' at IIS' ; 118-08° 
at 137\ 

/-Menthyl azelate. 

Dj< 0-9557 at 29°; 0 9399 at 50-5' ; 0-9266 at 70 ; 0-9040 at 100-5°. 

«jg»s 64-64" at 16"; 63-62" at 35-5"; 62-50 at 57'; 61 -Is* at 81'; 60-46" at 
95°; 59 62° at 115 ; 58-6s : at 132". 

“sm <6-24° at 16°; 75-18" at 35"; 73-38" at 57"; 71-84' at 81"; 70-94* at 
95°; 69-94° at 115"; 69 34 at 132'. 

“lass 126-18" at 16° ; 124-16° at 35' ; 121-70° at 57* ; 119-3o atsl"; lls-38' 
at 94° ; 1 16 46 ut 112 ; 1 14*94° at 132°. 

/-Menthyl sebacate. 

Dj* 0-9477 at 31-5"; 0-9356 at 49 ; 0-9226 at 08 ; 0-8974 at 101". 

61-92° at 19°; 60-38 at 45': 59-66° at 05'; 58 72' at 88" ; 57-96° at 
108°; 56-94' at 127"; 56*24- at 140 . 

a t*«i "3-12° at 19°; 71*20 at 45 : : 69-98° at 65"; 68-60" at 89'; 67-60*’ at 
109°; 66-66° at 12s"; 65-86 at 141 . 

a Mi 120-84° at 19 ; 116-42" at 45 ; 115 48 at 65 : 114-04 at 89 : 112-68" 
at 109°; 110-72° at 128"; 110-00" at 141". 

The following photographic observations wore recorded for a 
1-dcm. tube at 17°. 

« 4 tll 130 0"; o l0tl j 139-7 ; 1500 ; a,,.,,., 16<) <i ; a K „ 7 169 6; 

whence 

[a]” for A 4251 135-7 ; A 40 ^ s 145-8 ; 156 (i : ; A 3i . k7 - 167-0"; 

A 3 ' 7#7 177 0. 

/-Menthyl /Mionane-at-diearboxylate. 

!>' 0-9445 at 30 5 : 0-9305 at 4S 5 ; 0-9164 at 69 : 0-8925 at Uhi-.V. 
a 58 *a 59*36° at 21"; 57-02 at 54 ; 56-ti2 at Sir'; 54-94' at ln,V\ 
n mi 70*00'' at 21°; 1)5-611' at 55 ; 63-96 at 79 ; 62-84 at 1055 , 

a las8 115-86° at 21 ; lln-96 at 55 ; 108 92 at 79 ; 106-2o’ at 105 . 

/-Menthyl o-deeane- 2 »c-diearhi)xylate. 

I>i 0-9445 at 29 ; 0 9292 at 50 ; 0 9164 at 69 5 : 0 8923 at 109-5 . 

58-64’ at 17-5 ; 56-32 at 53 ; 55-04' at 80*5 ; 53-98 at 103-5 . 

®s«m 68-26 at 17-5'; 03-72 at 53 ; 62-22’ at SO-. 5 ; 60-92 at 103 . 

a,,,, 113-46' at 17-5’; 108-42 "at 53 : lmHO at S»KV. 

Table II. 

HoUitonj Power « of Kdcr* af rent Temperature#, 


/-Monthyl malomite. 1-Moirthvl succinate. 


r. 

]>V\ 

Mss**- 

U]*4«r 

1 a Uasa- 

F. 

I>4- Mi***- 


i a **ss 

80° 

09408 

-70-39° 

-82' 12" 

-135-6° 

so- 

0-9393* -77-32-' 

-89-86° 

-1491 

100 

0-9248 

70-66 

82-43 

1362 

100 

09229 77-69 

90-63 

150-2 

120 

0 9087 

TOST 

8303 

1371 

12u 

0 9004 7859 

91 77 

1517 
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Table II. — (continued). 



/-Menthyl glutarate. 



/•Menthyl adipate. 


60 

0-9491 

76*37 

88*57 

L4S-1 

80 

0-9292 

72*74 

85-02 

142-2 

80 

0*9334 

75*19 

88-47 

147-8 

100 

0-0137 

72*52 

85*07 

142-2 

100 

0*9177 

75*18 

88-41 

147-7 

120 

0-8982 

72*57 

85-35 

142-2 

120 

0*9021 

75*41 

88-57 

147-7 







/•Menthyl pimelate. 



/-Menthvl au berate. 


00 

0-9406 

72*59 

85*00 

141*2 

60 

0-9362 

68-80 

81*17 

1352 

80 

0*9248 

72-23 

84*37 

140-7 

SO 

0-9213 

68-50 

80-79 

135*0 

UK) 

0-9089 

72-13 

S4-37 

140-7 

loo 

0-9065 

08-52 

80‘83 

135-1 

120 

0-8927 

7214 

84*57 

1408 

120 

0*8915 

0S*7 1 

80-97 

1351 


/-Menthvl azelate. 



/-Menthyl sebaeate. 


20 

0-9618 

66-92 

78*93 

130-8 

20 

u-9562 

64-68 

76-37 

126-1 

40 

0*9476 

66-85 

78*61 

130-4 

10 

<►■{1417 

64-55 

76*00 

125-5 

60 

0-9333 

06-70 

78-39 

130*1 

60 

0-9273 

64*55 

75-77 

125 3 

80 

0-9189 

66-64 

78 18 

129*8 

so 

0-9128 

61*66 

75-70 

125-5 

100 

0-9044 

6665 

7812 

129-8 

100 

U-S9SO 

64-79 

75*77 

1261 

120 

0*8900 

6674 

7834 

130-1 

120 

0-88.31 

65-03 

75-97 

126-5 

/-Menthyl n 

nonane 

ai-dicarboxylate. 

/Menthyl 

H-deeane 

an diearbuxylale 

20 

0-9622 

62-30 

73-60 

121*8 

20 

0‘950S 

61-42 

71*36 

UK-9 

40 

0-9374 

61-66 

71*74 

120-5 

40 

(►9364 

60- S7 

69-06 

117 4 

60 

0*9227 

61-53 

70*68 

119-7 

60 

0-9219 

60-66 

68*82 

1 16*9 

80 

0*9079 

61 ’58 

7050 

1 19-6 

SO 

n-‘H»73 

60-63 

68-55 

116-9 

10() 

0*8932 

61-83 

70-53 

119-7 

loo 

0*8924 

60*68 

68-47 






Tahli 

in 






Table of Rotations of Ester* in Chloroform Solution. 

In these experiments, about l gram of the ester was made up to 
20 c.c. with pun' chloroform at the temperature of the laboratory. 
Rotations were then determined at that temperature using a 2-drm 
tube. 


Wt. «if ester 
in 100 e.e. 
of solu- 


Name of ester. 

tinn. 

°48»V 


°i \ »-• 


■liMl- 

Ulosr 

/-Menthy] 

oxalate 

4-82 

-loll 

12 ul 

20-15 

104-s 

124 0 

2"9 o 

nialonate 

4*98 

S-o7 

9.32 

15 53 

sl -12 

93-67 

1 56- 1 

succinate 

5 19 

9-3( ► 

loss 

Iv 2 l 

s9 6 s 

9*4 s 

175 6 

glutarate 

4-95 

s-32 

9 s2 

16 26 

s H 2 

99 2s 

164-4 

adipate 

504 

s23 

«i-52 

15 9.3 

M 75 

94 56 

158-2 

pimelate 

4*96 

7 95 

9 09 

15-32 

SI >56 

9210 

155 2 

su berate 

4 71 

7*21 

v4I 

14 04 

76\'»n 

Mi- 33 

1491 

azelate 

5lo 

7 -tin 

S’. si 

U 77 

71 44 

si; -3» 

144-6 

sebacate 

5 02 

7*:ii» 


14 (Mi 

72 71 

*2 <H» 

140-1 

n-nonane-ai- 
dicar boxy late 

5 Oh 

fj-90 

s-13 

1.3 -64 

(.9 05 

si 47 

136 4 

n-deeane-a*- 

dicarboxylate 

5-01 . 

6-7s 

7 !Hl 

13 20 

67 67 

7 s s| 

131 7 
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XIV. — Ring-chain Taulomtrism . Part IV. The Effect 
of the Methyl Ethyl Grouping on the Carbon 
Tetrahedral Angle . 

By Bai.bir Sinoh and Jocelyn 1*’ieli> Thorpe. 

The recent experiments of Deshapande and Thorpe (T., 1922. 121, 
1430) on fifs-diethylglutaric acid have shown that, in accordance 
with the general hyjjothcsis regarding the influence of groups on 
the depression of th** tetrahedral angle, the effect produced by the* 
(jf'rn 'diethyl grouping lies approximately midway between those 
caused by the gfcwedimethyl group and by the six-earbon ring. 

On the other hand, attention was directed to the very marked 
differences in chemical behaviour which accompanied the com- 
paratively small alteration in angle, and particularly as regards the 
stability of the open-chain or ring system which was the outcome 
of the change. Thus, whereas the keto-aeid (I) is the stable form 
in the dimethyl series, the ring hydroxy-acid (If) is the stable 


(J.) 


(U }>(< (WUH 
(!H, . (T Id'dll 


2 CH.A IL CH •( {),« 


tllo 


structure in the six-ring senes, and. a-* a matter of fact, so much is 
this the ease that it has not been found jmssihlr to prepare tlfc* ring 
hydroxy-uoid (II!) or the keto-aeid (IV) in spite of t lit* fact that tin* 


(III.) 


C )•( '( ) 2 H 

CH/" ^CH-nuf 


ch 2 < 


CHyt'H 

VHyt’R 


2 >c< aK1 °- H 

; THvtUH 


(IV.) 


. < ^(IIBr( 1 0.,Kt 
^ N’HHr-H )“Kt 


tV.« 


starting point was in eaeli ease the dihrnmo-ester (type V) or 
the eorres[H aiding hnuno-lactomx These results were, however, 
brought into line hy the discovery liy Deshapande and Thorpe that 
the keto-aeid (VI) and the hydroxy-ring aeid (VII) in the diethyl 


(VI. i 


( II - \ ^ ,/( M )*( ’( >*H 
V\\\; THytUH 


(• ; H i>r< ^0H)-C0 2 H (VII , 
C,H, CH-CO.H 
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series were tautomeric. That is to say, they were mutually inter- 
convertible in strong potash solution; a discovery which again 
emphasised the wide chemical differences produced by a slight 
angle alteration, because the keto-acid (I) and the hydroxy-ring 
acid (II) are unaltered by alkali. 

There are, moreover, other points of difference which reveal 
themselves when the experimental data derived from the three 
series (dimethyl, diethyl, and cyclohexane) are compared. For 
example, when the hydrolysis of the dibromo-ester of type V is 
carried out with ethyl alcoholic potash, the products in the cases of 
the diethyl and cyclohexane series are the same as with aqueous 
potassium hydroxide, whereas in the dimethyl series the sole 
product is the ethoxy-derivative (VIII) and no trace of the keto- 
acid is produced. This remarkable reaction was considered by 
Perkin and Thorpe (T., 1901, 79, 729) to be due to the addition of 
alcohol to he unsaturated compound (IX). It is evident that this 


(VIII.) CH 3>c< C(OEt)-CO,H 

ch 3 ch*oo.,h 


ch 3 >c<c-c° 2 h IX) 

CHj tX'O.H 


fundamental difference between the dimethyl and diethyl series 
must rest on the small difference of angle in the two series, and in 
order to study the effect produced by diminishing this difference 
we have carried out a series of comparative experiments in the 
methyl ethyl series. 

(^-Methylcthylglutarie acid is readily prepared from methyl 
ethyl ketone by the Gu are sc hi method. The anhydride dibrominates 
normally, but the dibromo-ester (X) loses ethyl bromide when 
distilled, and passes into the bromo-lactome ester (XI) (compare 
Beasley, Ingold, and Thorpe, T . . 1915, 107, 10SO). 


(X.) 


CH 3>r<r CH BK; ( V :t 

OjH, THRrCO>:t 


(\,H, T'HBr CO 


(XI.) 


The dibromo-acid (XII) was isolated in r/x- and /runs -forms, both 
of w T hich gave the same hydroxylactonie acid (XIU) with sodium 
carbonate. Like the eorrespoiubng laetonic acid in the diethyl 


(XII.) 


CH 3>C< CH BrC() 2 H ( , H.,\ >r< /CH(C().,H )•< ) 
CjHj CHBrC0 4 H X’H(OH)~ <!'<> 


(Mil.) 


series, the acid (XIII) is unaltered by strong aqueous caustic alkali, 
and there is thus no tautomerisni between the hydroxy laetone- 
hydroxy-ring acid and keto-acid such as was shown to be the case 
with Balbiano’s acid ^Ktm, Stevenson, and Thorpe, T\, 1922, 121, 
650). Indeed, the recurrence of such tautomerisni was, ot course, 
not to be expected, although in this instance the proof of structure 
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was supplied by the formation, of a well-defined acetyl derivative 
(XIV). When the dibromo- ester (X) is hydrolysed by means of 
ethyl alcoholic potash, it behaves like the corresponding dibromo- 
ester in the dimethyl series and yields the ethoxy ring acid (XV). 
The stability of this substance is remarkable, because it is unaltered 
by strong aqueous alkali even on prolonged boiling and is un- 
affected by concentrated hydrochloric acid. 


(XIV.) 


CH 3'>c<r CH (C°2 H )‘? 

C 2 H 5 CH(OAc)-CO 

(XVI.) CH 3>C< 

c 2 h, 


CH 3 > c /C(OEt)CO,H 

OJV xjhco 2 h ‘ 

C(0Me)-C0 2 H 

CH*C0 2 H 


(XV.) 


The ethoxy-acid (XV) is partly converted into the ring-aeid 
(XXII) with strong hydriodic acid and gives the correct “ ethoxy- 
value ” by the Zeisel method. It is, however, with the correspond- 
ing m ethoxy- derivative (XVI) that we have been able to carry 
out experiments which have enabled us to co-ordinate the formation 
of these apparently abnormal substances with the other reactions 
of the series and to show that their formation and properties are 
in every way consistent witli our general hypothesis. 

This remarkable substance can be isolated in well-defined rib- 
and /rans-forms, the f raw-modification being converted into the 
cis- through the anhydride of the latter. Both isomerides pass on 
treatment with hydriodic acid into the keto-aeid (XVII), which 
can be characterised by the formation of a well-defined quinoxa/ine 
derivative (with o-phenylenediamine) and by its conversion, on 
distillation, into the anhydride of methylethylsuceinic acid (XVIII) 
(compare Balbiano’s acid, T., 1H22. 121, (>.) 0). Here then we have 


(XVII.) 


* ch 3>c< C(X'o 2 h ch 3> ^ro-o 

( '2 H 5 CHyUUI (\>H, (HrCO 


(XIX.) 


( , H 3>r< C(OH)-ro : ,H 
(VH 3 ClHX) a H 


ixvnu 


the mechanism of the change revealed, because it will be noticed 
that the action of hydriodic acid is not a reducing action but merely 
one by which the group (>CH 3 is converted into OH in the usual 
manner. 

The hydroxy-acid (XIX) is. however, unstable and passes at once 
into the open-chain keto-aeid (XVI l). which is stable to 64 per 
cent, aqueous potassium hydroxide. These experiments, therefore, 
afford complete confirmation of our contention that the alteration 
of the tetrahedral angle which causes the kj?to-acid and hydroxy- 
ring acid to he tautomeric in the case of the yon-diethyl compound, 
causes also the hydroxy-ring acid to be the only stable form in the 
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cyclohexane scries, and the koto-acid the only stable form in the 
pcm-dimethyl series. 

The reasons why the alkyloxy-derivatives are formed at all in 
the instances given are also quite clear, hut as these will be dealt 
with fully in a “future paper and are bound up with the chemistry of 
the n/c/opropene structures to be mentioned there, it is unnecessary 
to give them in this communication. It is sufficient here to mention 
that the isolation of these abnormal alkyloxy-derivatives which 
was carried out twenty-two years ago and which the later w’ork of 
Feist on the n/c/opropcne acid (XX) rendered still more difficult 
to explain, has now proved to be the key to t hi* whole problem of 
reversible and non -reversible isomerism in this series. Feist's 


(XX.) (XXI.) 

3 C-COoH -IH’O.H 

acid, and still more recently the acid (XXI) (Farmer and Ingold, 
T., 1921, 119. 2001) did not tend to add on alcohol, because they 
constituted stable glutaeonie systems, each containing the necessary 
mobile hydrogen atom. On the other hand, the acids of the [i[j- 
gem -series cannot contain the hydrogen atom and in consequence 
are incapable of isolation in the unsaturated form, and even when 
the unsaturated bond is removed by addition, the ring remains 
unstable unless the tetrahedral angle has been sufficiently deflected. 
It is scarcely necessary to point out that the addition of alcohol 
leads to a stable alkyloxv-derivative and the addition of water to 
either the keto-acid or hydroxy-ring acid, whichever is the more 
stable, because the presence of the alkyloxy-group does not supply 
the necessary hydrogen atom for ring rupture. 

For the rest, the ring acid (XXI 1) occurs in well-defined cis- and 


(X.XII)* * 1 H;ps > , v X H(()H)*r0 2 H 

cyv ch-cOjH (,h^ ('Hiohkt^h 


(XXIII.) 


t rans-iornxa and shows all the usual reactions of acids of this type. 
As regards stability, they do not undergo fission with mineral acids, 
and are therefore more stable than the earonic acids, which are 
completely decomposed under these conditions into tcrebic acid 
(compare Perkin and Thorpe, T„ 1899, 75, 4S). This is, therefore, 
another indication of stability caused by the alteration of the 
tetrahedral angle. 

Again, the lactonic* acid (XIII) is evidently the laetonie acid of 
the frafls-dihydroxy-acijl, because the corres|)onding r i.s. dihydroxy- - 
acid (XXI II ) is stable and gives a characteristic silver salt. 
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Experimental. 

Alethylethylglutaric acid was prepared by the condensation of 
methyl ethyl ketone with ethyl cyanoacetate in the presence of 
alcoholic ammonia (Guareschi's general method as modified by 
Kon, T., 1921, 119, 818). It was obtained in quite a satisfactory 
yield. 

The anhydride was prepared by boiling the acid with acetic 
anhydride and distilling the product under diminished pressure. 
The anhydride sets to a crystalline mass on cooling and melts 
above 25°. It reacts with aniline in benzene solution in the cold 
to form the anilic acid , which was obtained in a crystalline con- 
dition (compare T., 1911, 99 , 440). and when reerystallised from 
a mixture of chloroform and petroleum melted at 10 o° (Found : 
0 = 67*3; H = 7*5. C 1} 1I 10 U 3 X requires 0 — 07*4; H — 7*6 
per cent.). 


Uibromi nation of £fs-J / tthyUlkyUjlulnric Arid. 
Dibromination was effected by converting the acid or its anhydride 
into the acid chloride and then adding bromine. In the case of 
the acid the following conditions were observed : 

Eighty-seven grams of the acid were mixed with 208 grams of 
phosphorus pentachloride, ami the mixture was gently wrrmed on 
the water-bath until a clear solution was obtained. To this. 07 c.c. 
of dry bromine wen* added in four instalments, and the mixture was 
heated on the water-bath until free from halogen. After cooling, 
the product was divided : part (icing poured into anhydrous formic 
acid and part into absolute alcohol. 

trans-aa - Dibromo-ty-mdhykth ytgluin ric Acid (XII). — The formic 
acid solution was gently warmed on the water-bath for two hour* 
and then left in a crystallising dish at the ordinary temperature for 
slow* evaporation. The first crop of the crystals that separated 
consisted almost exclusively of the fmas-isomeride. Drained on 
porous plate, washed with dry benzene, and twice crystallised from 
a mixture of chloroform and light petroleum (b. p. 100 — 120 c ), it 
melted sharply and decompiled at 173 (Found ; Br — 48’2. 
CgHigOiBr,, requires Br - 4S I per cent ). A further quantity 
w as isolated by treating t he residual semi-solid mass, obtained after 
the formic acid had completely evaporated, with dry benzene. 
The insoluble granular portion was collected by the aid of the pump 
and purified in the same way as the first crop.* 
cis’ZX’Dibromo-ffimdhyh thylglutaric Ayd. The n>-i>omeride 
was obtained from the ben/.eue-soluble |x>rtion and purified by 
repeated crystallisations alternately from benzene and a mixture of 
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chloroform ind light petroleum. The pure acid melts at 146° 
(Found : Br ~ 48*0. C 8 H 12 0 4 Br 2 requires Br — 48*1 per cent.). 

Ethyl olol'-'D i bromo - ^ - methylethylyl utarat e, (X). — The crude product 
of dibromination poured into absolute alcohol was kept over night. 
It was then .diluted with water and extracted with ether. The 
ethereal solution was thoroughly washed with dilute sodium 
carbonate solution and dried. On evaporating, the crude dibromo- 
ester was obtained as a pale coloured oil, which could not be dis- 
tilled under diminished pressure without decomposition. From one 
sample a constant-boiling fraction was obtained (194 — 196°/31 mm.), 
and it proved to he the bromo-lactonic ester of methyletkylglutaric 
acid (XI) (Found : Br — 28*5. C J0 H 1:) O 4 Br requires Br — 28*0 
per cent.). 

In the subsequent experiments, we therefore used the crude 
dibromo- ester. Its analysis gave the following result : Found : 
Br = 37*9. C 12 H 20 O 1 Br 2 requires Br — 41*2 per cent. 

Acid Ester . — The sodium carbonate washings of the ethereal 
solution of the neutral dihromo-cster contained just traces of the 
acid ester. 

If, however, thionyl chloride be substituted for phosphorus 
pcntachloridc, a considerable proportion of the acid ester is in- 
variably produced. It does not distil without decomposition. 
That it Ls mainly a monobrumo-acid ester is proved from the 
products obtained on hydrolysing it (p. 121). 

trans -Lactonic Acid of cl* -Dih yd roxy-ffi methyl. Ihyhjhdaric Acid 

(XIII). 

Twenty grams of the fm/iN-dibroino-urid (XU) were dissolved 
in 200 c.c. of 2A'-solution of sodium carbonate, and the solution 
w T as boiled for two hours. When cold, it was aeidilied with hydro- 
chloric acid and extracted with ether; the ethereal solution yielding 
a gum on evaporation, which went completely solid after keeping. 
Recrystallised from benzene, it melted at 1 10 (Found : 0 — 50*9; 
H — 6*3. C 8 H 12 0 5 requires (_• - 51*0: H 0*3 pt>r eent.). 

It is moderately soluble in all the usual solvents excipl light 
petroleum, in which it is practically insoluble. 

The t rans- hydroxy- lac tonic acid Ls a remarkably stable com|Mnmd 
It was recovered unchanged after treat Hu nt with boiling 04 per 
cent, potassium hydroxide solution. Still higher concent rat ions of 
alkali, however, brought about deep-seated decomposition, oxalic 
acid being the only substance that was identified in the products of 
decomposition. 

The ctff-dihroino-acid yielded the same /ra/ui-lactonie acid under 
similar conditions of hydrolysis. 



RING-CHAIN TAUTOMERlStt. PART IV. 


119 


The silver salt is extremely soluble in water and could not be 
collected in quantity sufficient for analysis. 

The acetyl derivative (XIV) was obtained by boiling the acid with 
a sufficient quantity of acetyl chloride for fifteen minutes. It 
separated from benzene in small needles, melting at 121°. It is 
readily soluble in ether, chloroform, or acetone and moderately 
soluble in benzene (Found : 0 — 52*1 ; H — 5 6. C 10 H 14 O 6 

requires C ~ 52 1 ; II = 6 0 per cent.). 

1 - Ethox </- 3 - methyl - 3 - dhylcyd opropane-l : 2 -dicarboxylic Acid 
(XV). 

Sixty grams of the dibromo -ester (X) were mixed with an alcoholic 
potassium hydroxide solution containing 60 grams of the hydroxide, 
56 c.c. of water, and 240 c.c. of ethyl alcohol, and boiled under 
reflux for three hours. The solution was then freed from alcohol, 
acidified, and extracted with ether. The syrupy residue obtained 
on evaporation could not be induced to crystallise. However, on 
treatment with ammonium hydroxide solution (d 0*880) a crystalline 
ammonium salt of the ethoxy-acid was isolated, which was further 
purified by dissolving in alcohol and precipitating by the addition 
of dry ether. The purified ammonium salt was dissolved in dilute 
hydrochloric acid and extracted with ether, when the ethereal 
solution deposited crystals of the ethoxv-acid on evaporation. 
Recrystallised from benzene, it melted at 150 c [Found : 0 — 55 0 ; 
H — 7 5; OEt ■= 2o*3 (. '^H , i 4 (OKl ) requires (J = 55’5; H — 7‘4; 

OEt — 20 8 per eent.j. 

The ethoxy-acid is very stable. It was recovered unchanged 
(apart from the production of a little tarry matter) after having been 
boiled for several hours with hydrochloric- acid. A treatment with 
strong alkali solution likewise did not elfc-ct any change. However, 
gentle heating with So per cent, sulphuric acid decomposed it into 
at-methylethvlsueeinie acid, melting at lo;F, with the evolution 
of carbon monoxide (found : - 52*6; H — 7*5. Calc ,C — 52*5; 

* H ----- 7*5 per cent.). 

lly boiling the ethoxy-acid with hydriodic acid, a gummy mass 
was obtained, from which a small quantity of /rriw<-3-methyl-3. 
ethylrf/r/opropam-- 1 : 2-dii-urhoxylic a< id (XX 11) was isolated. 

Action of Strong Methyl Alcoholic Vota^h on Ethyl ax’ -Dibromomcthyl- 
cihyhjluUiraU: : For moduli of Wans- and citA-Mithoxy-'S-nulhyl-S- 
ethykyAo propa iu-\ :2 •dicurhn.ryllr Acid and xx-Dihydroxy-fi 3- 
mcihyU thyigluta ric . 1 rid. 

To a boiling solution of 2u2 grams of potassium hydroxide in 
♦*>0 c.c. of methyl alcohol were added 129 grams of the neutral 
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dibromo-ester (X) as rapidly as possible, and the heating was 
continued for twenty minutes. After evaporating off the alcohol, 
the residue was dissolved in water, acidified, and extracted with 
ether, and the ethereal solution dried over calcium chloride. 

KOL'-Dihydroxy-ffl-inethylethylglutaric Acid (XXIII). — The calcium 
chloride used for drying the ethereal solution was found to have 
changed partly into a calcium salt of an organic acid. The whole of 
the calcium chloride mixed with the organic salt was therefore 
dissolved in dilute hydrochloric acid and extracted with ether. 
The ethereal solution on slow evaporation deposited beautiful, long 
needles of xx'-dihydroxy-£$-methylethyIglutaric acid. Recrystal- 
lised from chloroform, it melted at 80° (Found : 0 ~ 46*5 ; H — 6*6. 
C g H 14 0 6 requires C = 4(W>; H = 6*7 per cent.). 

The silver salt was prepared in the usual way. It is a crystalline, 
white powder (Found : Ag --- ol d. C 8 H 12 0 6 Ag 2 requires Ag — 51*4 
per cent.). 

\-Meihoxy-%-methyl-%-ctkyfoye\opropanc-\ : 2-dim rboxylic Acid 
(XVI). — The dried ethereal solution remaining after separation of 
the calcium salts was evaporated, and a gum was obtained which 
completely solidified on keeping. From this, by fractional crystal- 
lisation from chloroform, the c is- and the fmn- 5 -isomerides of the 
methoxy-acid were separated. The trails -acid, when pure, molts 
at 149° and crystallises well from a mixture of acetone and light 
petroleum. It is less soluble in chloroform than its isomcride 
(Found : 0 — <33*0; H — 0*7. CyH 14 0- requires 0 — <33*4 ; 
ft = 0*9 per cent.). 

The da-acid melts at 141°. It is freely soluble in chloroform, 
acetone and ethyl acetate (Found : t 1 - .73*4; ft 0*7. 4 f a H j f ( ) - 

requires C — 53*4; H — 0*9 per cent.). 

The Anhydride . — The ciVacid, on boiling with acetyl chloride, is 
readily converted into the anhydride, from which the original acid 
can bfe regenerated by boiling it with water. The anhydride is a 
colourless, mobile liquid boiling at 144 .7 mm. (Found : (' - .38*2 ; 
ft •— 0*0. C 9 H 12 G 4 requires (■ .38*0; IT - 0*.7 per cent.). 

The / rtf «.<?- acid, when heated with acetic anhydride in a sealed 
tube, is changed into the anhydride of the nVaeid, from which the 
m-acid can he produced by hydration. 

x-Keto-'ft-metkylethyhjlularic Acid (XVII). — This was obtained by 
hydrolysing the methoxy-acid (XVI) with liydriodic acid. A 
mixture of 32 grams of the methoxy-acid and 100 e.e. of hydriodie 
acid ( d 1*7) was gently heated on the oil-bath. After the temporal urr 
had been maintained at 80 J for some time, during which period the 
methyl iodide distillctl oil, it was raised to the boiling point of the 
solution, the whole operation taking one and a half hours. When 
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cold, the solution was treated with just enough sulphurous acid 
to reduce free iodine and was extracted with ether, the ethereal 
solution yielding the fluid keto-acid on evaporation. This could 
not be induced to crystallise. It was, however, characterised by 
the formation of a well-defined quinoxaline derivative, which 
was readily formed when the keto-acid was intimately mixed with 
o-phonylencdiamine in acetic acid solution and gently warmed. 
Kecrystallhed from acetone diluted with water, the quinoxaline 
melted at 216° (Found : C — 64'G; H — 6*2. C 14 H lc 03 N 2 requires 
(1 — 64*0; II 6*1 per cent.). 

The keto-acid, when distilled under diminished pressure, is 
converted into the anhydride of methylethvlsuccinic acid (XVIII), 
from which methylethylsueeinic acid was obtained and identified. 

Hydrolysis of the Monobromo-acid Ester. 

The monobromo-acid ester was obtained as a by-product in the 
experiment of dibrominationof the methyletliylglutarie acid, and was 
hydrolysed with a strong aqueous solution of potassium hydroxide. 

tmns-'A-Meihyl-S-ethylcyclopropane-l : 2 -dieurboxylk Acid (XXII). 
— A solution containing 60 grams of potassium hydroxide in .50 c.c. 
of water was heated to boiling. Nineteen grams of the mono- 
bromo-acid ester were then cautiously added as rapidly as possible. 
A vigorous reaction ensued which gradually subsided. When cold, 
the whole was dissolved in water and acidified with hydrochloric 
acid, when crystals of the trans-add separated on cooling. The 
whole of the traus-HQid was thus separated by filtration. Re- 
crystallised from ethyl acetate, it melted at 221 " (Found : 0 — <V>T> : 
H •- (VS. <-’ 8 H 12 0 j requires C — 5.3' 8 ; H - (i f) per cent.). 

'rile silver xa It is a white powder (Found : Ag = -m'C. (’ s H 10 O 4 Ago 
requires Ag - .5.5 *9 per cent.). 

The dianilide was prepared by heating the acid with excess of 
aniline at 2<K> for forty-five minutes. The product separated from 
dilute alcohol in light scales melting at 291 : (Found : 0 = 75*0: 
*H —7*1. (*ooH 22 0 2 X 2 requires (J ~ 74\5; II — 6*8 per cent.). 

cis-3- Mi thyl-Vi-( thyleydo propane - 1 : 2-dic-a rboxyiic Acid. — The 
filtrate from the (nui-s-acid was extracted with ether, the ethereal solu- 
t ii >n yielding a semi-solid mass on evaporat ion . This was spread on a 
porous tile, drained, and washed with a small quantity of water, 
which caused the cis - acid to become solid. The nVaeid was also 
prepared by heating the t ran s- acid with acetic anhydride in a sealed 
tube and treating the product with water. It usually melts at 
163-10.5°, but repeated crystallisation from chloroform finally raises 
its melting point to 180° (with decomposition) (Found : 0 = 5o’5; 
H - 6'8. (,' b H 12 0 1 requires C = 55$ ; H — 6'9 per cent.). 
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The anhydride of the ds-acid was prepared by heating the acid 
above its melting point until the evolution of water vapour had 
ceased. It was characterised by conversion into the anilic acid , 
which was obtained by mixing a benzene solution of the anhydride 
with a solution of aniline in the same solvent. Crystals separated 
on agitating the solution with a glass rod. Recrystallised from 
dilute alcohol, it melted and decomposed at 193° (Found : C = 68*4 ; 
H = 6‘8. C 14 H 17 0 3 N requires C = 08 0 ; H = 6*8 per cent.). 

We are indebted to the Chemical Society for a grant which has 
partly defrayed the cost of the materials used in the investigation. 

Imperial College of Science and Technology, 

South Kensington, S.W. [Received, December 16 (h, 1922.) 


XV . — The Formation and Stability of spiro-Compoands. 
Part X. spiro -Compound# Derived from cyclo- 

Heptane . 

By John William Baker and Christopher Kelk Inuold. 

The main result of the experiments on ring formation which have 
been carried out in this laboratory during the past eight years has 
been generally to eoniirm our view as to the manner in which any 
factor which changes the normal angle between two valencies of a 
carbon atom tends as a consequence also to deflect the two remaining 
valencies. Two types of effect have been examined, (it) that which 
depends on the combined volume of two atoms or groups attached 
to the carbon atom (T., 1920, 117 , 303, and subsequent papers), 
and (/>) that which depends on the inclusion of two valencies in a 
ring (T. , 1913, 107, 1080. and subsequent papers), and the order 
and relative magnitude of these two influence* may be illustrated 
by the calculated angles between the two acetic arid residues of 
the following glutaric acids : 

H n /(W„-C0 0 H CH 3 v /CH,*eo,H <H.. CH.,*CO,H 

)c< U5-3 J “ 112-5° ■ ' ;<\ 109-5° 

W x CH 2 *C() 2 H fh VH a -r0 2 H <’H/ 'VH 2 -00 4 U 

CHo-CH.>\ /( 'H 2 '( 'O.JI /(’H.-Cli.,, 

I “ " X)( 109-7° ' ('ll/ " “ (< 107 2° 

CHj-CH/ ' H'MX'ilK “ M’lM'H/ H’UX'OJI 

The point has now been reached in the general investigation at 
which it is necessary more closely to examine individual cases in 
which real or apparent exceptions to the general hypothesis might 
possibly be found, and with this object three series of experiments 
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have been commenced : (a) experiments on the effect of the 
indirect attachment to a carbon atom of groups of considerable 
atomic volume, (h) experiments on the dependence of the influence 
exerted by groups on their electrical character, and (c) experiments 
on the effect of including two valencies of a carbon atom in rings 
containing a large number of atoms. The present paper is a 
contribution to the third of these special investigations. 

The hypothesis originally suggested by Beasley, Ingold, and 
Thorpe, namely, that when two valencies of a carbon atom are 
included in a ring the remaining two dispose themselves in such a 
way as to divide up the space external to the ring as equally as 
possible, leads to the result that an increase in the number of carbon 
atoms composing the ring is accompanied by a continuous decrease 
m the inclination between the external pair of valencies. Thus 
whilst the angles between the valencies binding the acetic acid 
residues to the ring in cyc/opentane- 1 : 1-diaeetic acid is 109*7', 
and in cydohexanediacetic acid is 107*2°, in cydoheptanediacetic 
acid tlie angle is 105*3°, and in cydooetanediacetie acid it is 103 7°. 
Hence, on the simple theory, a continuous increase in the ease with 
which a second ring can be closed by the elimination of groups 
attached to the acetic acid residues is to be expected as the homo- 
logous scrip* i«. ascended in the manner indicated. It is important 
to notice, however, that these conclusions are based fundamentally 
on the supposition that the angles between each pair of valencies 
c imposing (lie various bomocyclic rings are actually the internal 
angles of the corresponding imiplanar regular polygons, namely, 
12o . 12STr, and 135 , respectively. The normal angle 
between the earbon-to-carbon valencies of each of the methylene 
groups ot which these rings for tlu* most part consist is 115*3° 
(Ingold, I., 15)2o. 117, 307), and it may reasonably be expected 
that large divergencies from this value will not be maintained if 
there is any means whereby they can be lessened. Now in the 
case of large rings such as eydohcptanc and cyc/ooetane rings a 
mean.-* ‘toes exist whereby the internal angles of the ring can adjust 
thenist Ives more nearly to the value corresponding with minimal 
strain: namely, by free rotation around the individual bonds 
compering the ring of such a kind as to lead to configurations in 
which the atoms of the ring occupy two or more planes. It is, of 
course, neither necessary nor desirable to assume that any particular 
configuration of tins kind would in any sense have a permanent 
character, any more than that the favoured 'configurations which 
almost certainly exist in saturated open-chain compounds capable 
of excruting free rotations about single bonds represent permanent 
configurations of these molecules, especially since at all temperatures 
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above absolute zero partial or complete relative rotations of the 
type suggested will presumably be one of the kinds of motion 
contributing to the internal energy ; nevertheless, on general 
grounds it is only reasonable to suppose that the more the internal 
angle of the uniplanar ring diverges from the angle of no strain, 
the more will that ring, by motion compounded of rotations about 
the individual bonds, tend to pass through multiplanar configura- 
tions, and the more, therefore, will the effective mean value of the 
internal angles of the ring fall below the maximal value which 
the angle reaches when the ring is uniplanar. Hence, reverting to 
the original hypothesis of Beasley, Ingold, and Thorpe, it is not to 
be expected in the ease* of the cycloheptane ring, and still less in 
the case of the cyc/ooctane ring, that the angle between two valencies 
external to the ring is actually as small as the simple calculation 
indicates : indeed it would be unsafe to assume that any continuous 
decrease in the external angle takes place on passing from cyclo- 
pentane to cyclooctane : ciyrtohcptano ami ryr/ooctauc might occupy 
anomalous positions resembling ryr/wpentane rather than cyclo - 
hexane so far as concerns the transmission of strain to attached 
groups or rings if the conditions are such that multiplanar con- 
figurations are predominant. The theoretical problem underlying 
these considerations is quite insoluble in the absence of more exact 
knowledge of the forces which give rise to favoured configurations 
around single bonds and of the manner of distribution of the energy 
of such motion, and therefore, at the present time, it must be left 
for experiment to decide, qualitatively at least, whether some 
internal condition such as that postulated actually does bring about 
the disappearance of some of the strain which an incautious 
application of the simple hypothesis would indicate to exist. 

The experiments which have been carried out on derivatives of 
ryr/oheptane-l : 1-diacetie acid (1) have shown that in the cyclo - 
heptane ring there certainly appears to exist some condition which 
greatly reduces the strain within the ring, and therefore the con- 
vergence towards one another of the two acetic acid residues. So 
much is this the case that the effect of the ryr/oheptane ring in 
promoting the formation and in enhancing the stability of spirant* 
structures such as the spirocydv propane acid (II) is not only less 
than it might be exacted to be, but is actually somewhat Irss 
than that which the ryr/ohexane ring has been shown to exert 

C H./C H 1 H 2 *( '( ) 2 H CHA'iU’H.,^ /Cil-nui 
CH t -CH 2 *CH2 ' XHj-COjH * CHA’HATlj 
"(i.i • " til) 

In many respects, however, the experiments which have l»ceu 
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carried out in the cyc/oheptane series have yielded results closely 
similar to those which Beasley, Ingold, and Thorpe obtained in 
the eyefohexane series. Thus, just as in the cyclohexane series it 
was not found possible to prepare the monobrorao-neutral ester 
(III), although in the eyc/opentane and ye m- dimethyl series the 
corresponding substances can readily be isolated. On the other 
hand, no diiliculty was experienced in isolating a rnonobromo-ackl 
ester (IV), which was formed in considerable quantity when the 
Hcll-Volhard-Zelinsky bromination product was poured into alcohol. 

A similar substance was obtained in the cyc/ohexane scries, but it 
was a syrup which could not be purified, and the conclusion that 
it was of the type of compound (IV) had to be based on its behaviour 
on hydrolysis. In the present instance, however, the monobromo- 
aoid ester is a well-defined, crystalline solid, so that there can be 
no question as to its composition, although there is no evidence as 
to which of the two carboxyl groups is esterilied. Again, just 

CH«*CH 2 -CH t x >r< ^CHBrC('),Et CH 4 -CH 2 *CH 2 v. 0< xCHBrCO a H 
C1T-CH.-CH; CHvCO.it OH/CHvCH.^ CH.;C0 2 l-t 
“ (111.) • ■ ' * UV.I 

as in the cyc/ohe xane series, the dibromo-neutral ester (\ ) is unstable, 
since on heating it passes into the bromo-laetone ester (\I) with 
the elimination of ethyl bromide : 

V) CH»-CH.*CH^ f ,^CHBrCO,Et 
' CHvCH'-CH'^ CHBr-C'O.Et 

CH 3 -CHvCH 2 ^ c< ^CHBr Co n 

CHvCHX'Hj X'H(C0 s Et)-0 

The same remarkable tendency to yield a lactone was not observed 
in the neutral dibromo* esters of the yrm -dimethyl- and cyc/opentanc 
series, and it is a clear indication of the enhanced tendency in the 
cyc/ohexane and cyc/oheptanc series towards the formation of rings 
by the elimination of groups from the two acetic acid residues. 

On hydrolysis of the monobrumo-aeid ester (LV) with concen- 
trated aqueous alkali at 150 r , hydrogen bromide was eliminated 
with the formation of the x^iro - acid (II), the yield, 38 per cent, of 
the theoretical, being practically the same as in the cyc/o’ex ane 
series. The remainder of the material was converted into tin- 
lactonic acid (VII), which is similar in every wav to its cyclohexane 
analogue. 

(j!H.,-CH 2 -CH 3 > >c ^CH(C , 0 ; ,H)'0 tTl.A' 11 All , > ) — CO 

CHj-CHl-CH, TH.— — CO CH>HvCn; "YHiUUUO 

(VII.) ( VI u.) 
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Certain remarkable differences between the two series were, 
however, observed during the investigation of the stability of the 
spiro-acid '(II) towards mineral acids. It will be recalled that 
caronic acid, the analogue of the acid (TI) in the yewi-dimcthyl 
series, readily undergoes ring-fission, forming torebic acid when 
heated at 200° with 5 per cent, hydrochloric acid, and that the 
cyc/opentane analogue is also completely decomposed under the 
same conditions, although an analogue of terebie acid was not 
isolated in this case (Becker and Thorpe, T., 1920, 117, 1579). 
The cyciohexane spiro- acid, on the other hand, is an extremely 
stable substance, which, for example, survives heating with 20 per 
cent, hydrochloric acid at 240° for six hours (Beasley, Ingold, and 
Thorpe, he. cit.). Now the stability towards hydrochloric acid of 
the cydoheptane spiro - acid lies between that of the cyclohexane 
acid and of the cydopentane acid, and is definitely less than that of 
the former; for heating at 200° with 5 per cent, acid has no effect 
on the cydoheptane. acid, whilst heating for the same length of 
time at 240° with 20 per cent, acid completely decomposes it. As 
in the cydopentane scries, it was not found possible to isolate any 
definite decomposition products, but it was proved in the present 
ease that the observed instability is a property of the spirane 
structure, and not of the cydoheptane ring per se ; for when cyclo- 
heptane-1 : 1-diaeetie acid was subjected to similar treatment 
practically no decomposition took place. 

Investigation of the products of hydrolysis of the bnmioJactono 
ester (VI) gave further evidence that the cydoheptane spiro - 
compounds arc neither so readily formed nor so generally stable as 
the corresponding rydohexane derivatives, ami that in these respects 
the cydoheptane series appears to occupy a position between the 
cydohexane and cydopentane series. In the cydohexanc scries, 
the bromo-lactonic ester (type \ 1) was obtained in cis - and trans- 
modifications, which, on hydrolysis with 64 per cent, potassium 
hydroxide, gave respectively 4U and 27 per cent, yields of the 
hydroxy-^n'ro-acid (type IX), together with the unsaturated acid 
(type X) (or its iso rue ride with the double bond in the ring), and 
the cis- and transforms of the hydroxy-laetonic acid (type VIII); 
15 per cent, aqueous sodium hydroxide gave rise generally to the 
same products, although in this cane the hydroxy^piro-aoid was 
obtained only from the c’M*bromo-laetone. On the other hand, no 
hydroxy-iptro-acid (type IX) was encountered in the cydopentane 
series, although a* small amount of cydopentylideneacetie acid 
(type X) and the hydroxv-lactonic acid (type VIII) were recognised 
amongst the products of hydrolysis. In the cydoheptane series, 
however, the hydrolysis of the hromo-lactone ester (VI), cither 



AND STABILITY OF SPIRO-COMPOUNDS. PART X. 


127 


with 64 per cent, aqueous potassium hydroxide, or with 15 per 
cent, sodium hydroxide, yielded the same three products in about 
the same proportions. In each case, about 90 per cent, of the 
product consisted of the hydroxy-lactonic acid (VIII); only 3 per 
cent, of it was accounted for as the hydroxy -spiro* acid (IX), and 
only 7 per cent, as cyc/oheptylideneacetic acid (X). 


CH 2 , CH 2 *CH 2 v > ^ < ^C(0H)*C0 2 H 

ch 2 -ch 2 -ch 2 ch-co 2 h 


(IX.) 


(X.) 


The small yields of the hydroxy-spiro-acid and of the cycfo- 
heptylidene acid are particularly noteworthy, since they show 
that neither the tendency to the formation of the apiVocydopropane 
ring, nor the tendency to the elimination of one of the side chains 
of the substituted gw«-diaeetic acid, is as great in the cyc/oheptane 
as it is in the cyclohe xane series. 

It should be noted in passing that the side chain eliminated, 
presumably as glyoxylic acid, in the reaction leading to the cych- 
heptylidene acid was actually identified in the form of oxalic acid, 
oxidation having occurred at .some stage. 

A curious point emerged during the attempts to convert the 
spzro-acid (II), which has all the properties usually associated with 
a tow-configuration, into its cis-isonieride ; for the m- modification 
appears to be too unstable to be capable of existence, excepting, 
possibly, in the form of its anhydride. This point is of interest 
because it indicates that in matters other than those which might 
be supposed to be directly associated with the deflection of the 
tetrahedral angle there is actually a gradation of properties on 
passing from tiie cyclopentane, through the cyc/ohexane, to the 
cyc/oheptane series. For in the cyc/opentane series it is only 
necessary to distil the tran$-8piro-&?id under reduced pressure in 
order to convert it into an anhydride from which the m-acicl can 
readily be obtained; in the cyc/ohexane series, the toi*-aeid must 
be boiled for some time under atmospheric pressure before distill- 
ation ; and in the cyc/oheptane series it is necessary to beat the 
tow- acid with acetic anhydride at 240 : in order to convert it into 
an anhydride, which, moreover, on rehydration by means of hot 
water yields only the original /ra ws-acid. 

One of the most striking characteristics of the cyc/oheptane 
derivatives described in the experimental portion of this paper is 
their remarkable lack of tendency to crystallise. In this respect 
they resemble, and even excel, their cyc/opentane analogues. 
Excepting the spiro > acids (II) and (IX), whiefi are crystalline and 
very similar to the corresponding cyc/ohexane acids, all the products 
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of hydrolysis described in this paper arc liquids, which boil at 
constant temperatures it is true, but which, even after many 
months, have refused to show the slightest tendency to solidify. 
In view of the fact that rye/oheptanediacetic acid cannot be obtained 
in large quantities, this absence of tendency to crystallise has 
proved a serious handicap in the carrying out of the research, but 
in spite of this we feel that, in the reactions described, the material 
has been properly accounted for, and that no product of importance 
has been overlooked; hence it would appear that the experiments 
form a satisfactory foundation for the provisional conclusions, given 
on pp. 123, 124, as to the anomalous conditions of strain in the 
n/doheptane ring. 

hi X 1’ 15 R l M K N T A L. 

The cydoheptanonc required for this investigation was prepared 
from castor oil by the following series of processes : castor oil — > 
rieinoleic acid — ► mixture of suberic and azelaic acids — r 
calcium subcrate — > cydolioptanoue. It was then converted into 
cydoheptane-l : l-diacetic acid by the (luareschi method (Day, 
Kon, and Stevenson, T., 1920, 117, 039). In all, lot) kilos, of 
castor oil were worked up, giving 130 grams of n/doheptanediacctie 
acid. 

A solution of 7 kilos, of commercial sodium hydroxide in lo litres 
of water was mixed with 3d litres of alcohol (methylated spirit) in 
an enamelled iron pan of 100 litres capacity fitted with a steam 
jacket by means of which the solution was raised to the boiling 
point while 2o kilos, of castor oil wore added with constant stirring. 
The mixture was kept at the boiling point for one hour, boiled for 
a further fifteen minutes, diluted to the full capacity of the pan 
with boiling water, transferred to a mixing tub containing d0 litres 
of hot water, and then decomposed with 30 litres of dilute sulphuric 
acid (1:4 by volume). After thorough mixing, the precipitated 
rieinoleic acid was allowed to rise to the surface, separated from 
the aqueous liquid, and then washed three times with SO litres of 
water. The yield was 21 kilos. 

Since rieinoleic acid rapidly polymeries, it is desirable to proceed 
with the oxidation as soon as possible. The acid was allowed to 
flow in a slow stream into 40 litres of nitric acid (>/ l - 2d), heated 
to the boiling point in an open, enamelled iron, steam-jacketed 
pan provided with an efficient draught hood; and vigorously 
stirred with a stream of compressed air. The reaction, which was 
started by adding ‘a few c.c. of alcohol, was miy vigorous during 
the first few hours, but further quantities of nitric acid had to be 
added towards the end of the operation. Finally, the clear aqueous 
solution was syphoned while still hot from a small residue of oil, 
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and allowed to crystallise. The crystals, which consisted of a 
mixture of suberic and azelaic acids, were separated centrifugally. 
The mother-liquors on concentration yielded a further quantity, 
the total yield being 5 kilos. 

The separation of the mixed acids was carried out as follows. 
The crude, air-dried product (10 kilos.) w r as gently boiled with 
30 litres of benzene and 3 litres of absolute ethyl alcohol until 
practically the whole had passed into solution. The liquid was 
then carefully syphoned from a small insoluble residue, and allowed 
to crystallise ; 2*2 kilos, of nearly pure suberic acid (m. p. 130 — 136°) 
separated, and the mother-liquor on concentration gave a further 
0*7 kilo. (m. p. 126 — 132°). The final mother-liquor was evaporated 
to dryness, and the residue pressed until free from oil and then 
crystallised from water below 40°. Nearly pure azelaic acid 
separated, and the mother-liquors, on concentration to small bulk, 
yielded a crystalline product (1*8 kilos.) the composition of which 
was almost the same as that of the original mixture of acids. This 
was added to the next batch. 

The suberic acid was dissolved in a small excess of ammonia and 
the solution evaporated to dryness with a 20 per cent, excess of 
slaked lime. The residue was dried thoroughly in evacuated 
steam -ovens. 

The distillation of the calcium suberate was carried out in a 
specially designed cast-iron still, made in two parts, which were 
flanged and bolted together on an asbestos joint. 1 he diameter 
of the still was 21 inches, whilst its height was only 4 inches. A 
wrought-iron delivery tube, which emerged from the centre of the 
still-cover, was connected by a suitable adapter with a Liebig's 
condenser. An iron tube, by means of which a stream of nitrogen 
could be passed through the apparatus, was also let into the still- 
cover, The still was built into a gas- fired furnace. 

The charge of calcium salt (300 grams) was spread in an even 
layer over the bottom of the still, which was then raised to 450 — 
500° while a rapid stream of nitrogen was passed. The distillate 
was separated into an aqueous and an oily layer, and the former 
extracted with ether, the extract being mixed with the oil, and 
then dried. The crude cydoheptanone obtained after distilling 
the ether was purified by fractional distillation under ordinary 
pressure, the fraction having b. p. 174 — 1S3 5 being collected for 
conversion into the diaeetic acid. 

Brominaiion of cydoIlcptane-\ : \-diac<tic Acid. 

The acid (10 grams), mixed with phosphorus pentabromide (44 
grams =* 4*1 rnols.), was heated until hydrogen bromide ceased to be 
vol. exxm. " f 
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evolved, and then treated with the requisite quantity of bromine 
(8 grams =1*1 mols. for monobromination, and 16 grams = 2*2 
mols. for dibromination), added in small portions at intervals timed 
to correspond with the speed of absorption. The operation was 
completed by heating, and was carried out in direct sunlight when- 
ever there was any. The product was poured into three times its 
volume of ice-cooied alcohol, and the solution, after being heated 
to the boiling point , poured into cold water. The bromo-esters 
were extracted with ether, and separated into neutral and acid 
fractions by means of ether and dilute sodium carbonate in tin- 
usual way. 

Ethyl Hydrogen x-Bronmyelohcptauc-l : l-diocetate (IV). — This 
substance is obtained in 60 per cent, yield oil monobromination 
and in 25 per cent, yield on dibromination. It is obtained in either 
case by acidifying the sodium carbonate extract and re -extracting 
with ether. It crystallises in dusters of colourless needles, which, 
after crystallisation from ligroin, melt at 84 — 85° (Found : Br -- 
24*97. C 13 H 21 0jBr requires Br — 24*89 per cent.). 

Ethyl y.-Brotnocyc\oh€ptanc-i : l-diacdatc (III). -The neutral 
product of monuhromination appeared to consist of this substance 
along with unhrominated cyc/oheptancdiaeetic ester, but it was not 
found possible to separate the two by fractional distillation. 

Ethyl y-x-ViOromocycloheptaiU-l : 1 -dhtcctaU (V). The neutral 
product of dibromination contained approximately the correct 
amount of bromine for this substance, the constitution of whicli 
was established by its conversion into the Iiutoue mentioned below . 
Since this change takes place on distillation, it was not possible to 
purify the dibromo- ester by this means. 

Lactone of Ethyl Hydrogen x* Bromo-x -hydt oxynydokeptanc-l : 1- 
diacetate (VI). — On distillation under reduced pressure, the dibromo* 
ester rapidly loses ethyl bromide and is converted into the lactone, 
which- distils at 230— *234 2u mm. it i- a colourless, exceedingly 
viscous oil, possessing no tendency to crystallise. (Found : Br 
25*32. C 13 H 19 0 4 Br requirts Br 2 -Vos p»r ■ ♦•at.}. 

Hydrolysis of / }> *, MonuhroMu-nrid E<br (IV). 

Hydrolysis of the monobrouio-aeid ester with boiling 64 per cent, 
potassium hydroxide gives a mixture of the 6pirocyclo\\ rnpanc acid 
(II) and the lactonic acid (Vll), but hydrolysis with boiling aqueou> 
sodium carbonate leads to the lactonic acid only. 
tra.ns-cyc\oHeptane$[>irocydopropanc-'2 .%L-dicarboryhc Acid (lit. 

A solution of H giatns of potassium hydroxide in 10 c c. of watei 
was boiled until the ’temperature of the liquid reached 150*, w hen 
4 grams of tire monohromo-acid ester wen added a.- rapidly a.v 
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possible. When the reaction was over, a little water was added to 
redissolve precipitated salts, and the solution was rendered only 
faintly alkaline by the addition of hydrochloric acid, filtered, and 
then strongly acidified with hydrochloric acid at 0°. The crystals 
were collected and crystallised, cither from a large vojume of water, 
or from a mixture of ether and ligroin, from which small needles, 
hi. p. 235°, separated (Found; C -G2.72: H ■ ?“l; M, by 
titration, ~ 211 -S. 0 n H l# 0 4 requires (’ - r>2*27 ; H - 7*55 per 

eent. ; M 212). 

The experiments on tin stability of thin acid towards 5 per rent, 
hydrochloric acid at 2l>0 and towards 20 per cent, acid at 240 
have been described in the introduction. As already stated (p. 127 j, 
the c/s- iso me ride could not lx* isolated. 

Ladonc of a- // yd roxycyc. 1 a kepta n ^ - 1 : J -dim: die Acid (VII). -This 
substance remained in the aqueous mother-liquor from which the 
spiro - acid was precipitated. Isolated by extraction with ether 
and purified by distillation, it was obtained as an exceedingly 
viscous gum, which boils at 240 — 24,3 /30 mm., but which after 
many months has refused to crystallise (found: C — 0202 ; 
H — 7*47. C u H w 0 4 requires C - 02*27 ; H — 7 'do per cent.). 

The same lactone is the sole product which is obtained when the 
bromo-acid ester (7 grams) is boiled for six hours with an aqueous 
solution (175 e.c.) of sodium carbonate (14 grains). It may be 
isolated by extracting the acidified solution with ether and purified 
by distillation as before (Found : C — 02*75; H — 7 30 per cent.). 
The lactone ring is evidently fairly stable, as the substance titrate- 
as a monobasic acid in the cold and gives a tuonoAhrr salt when 
.silver nitrate is added to a neutral solution of the ammonium salt 
(Found: Ag — 33*51. C n H l5 0 4 Ag requires Ag = 33*S3 per 
cent.). 

x-Hydroxycyclohxphnu - 1 : l-diao.tic Acid.- -Thi.- could not be 
isolated in the free state, but its sihrr salt was obtained by adding 
-silver nitrate to a cautiously neutralised solution of the laeUmic 
acid in excess of warm sodium hydroxide (Found : Ag -- 47-3$. 
('nHigOjAgj. requires Ag 4<V(>;> per cent.). 

Hydrolytit of Ih 1 ' BromoAadotu K<Ur s\ ’(). 

The hydrolysis of this bruino-lactone with boiling 04 per cent, 
potassium hydroxide and with boiling 15 per cent, sodium hydroxide 
yielded the same three products, the hydroxy-lactone (VIII), the 
unsaturated acid (X). and the hydr^xy^pirn-acid (IX), in practically 
the same proportions. 

Ladonc of xx-J)ih ydroxyc y c lo/n* p(a ncA : l-diacdic Acid (VIII). 
— This substance constitutes about 90 per cent, of the product of 

F 2 
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hydrolysis by cither of the two reagents mentioned. The bromo- 
lactone (7 grams) was hydrolysed with a boiling solution of 23 grams 
of potassium hydroxide in 19 c.c. of water just as described on p. 130. 
The solution, having been rendered only faintly alkaline and filtered, 
was acidified with hydrochloric acid, and the precipitated oil 
extracted with ether. The residue obtained on evaporating the 
ether was triturated with successive small quantities of warm water, 
which removed the hydroxy-spiro-acid, and the sparingly soluble 
residue was fractionally distilled under diminished pressure. After 
the cyctohcptylidcne acid had passed over, the hydroxy-lactone was 
obtained as an exceedingly viscous liquid, b. p. 203 — 207°/30 mm., 
which has hitherto resisted all attempts to make it crystallise. 
It has a powerful, characteristic odour reminiscent of decaying 
cocoa-nuts (Found: C — 58*43; H = 7*24. C u H 16 0 5 requires 
C ~ 57*8S; H — 7‘07 per cent.). 

The lactone ring is evidently fairly stable, because the substance 
titrates as a monobasic acid in the cold (Found: M — 227 4. 
Calc., 228), and gives a monosilver salt when silver nitrate is added 
to a neutral solution of its ammonium salt (Found : Ag — 31*0. 
c n H i 5 ° 5 A g requires Ag = : 2*2 per cent.). 

ua'-Dih ydrozycyclohepla ne-l : 1 -diacelic Acid , — This acid did not 
appear to be capable of existence in the free state, but its disilver 
salt was obtained by adding silver nitrate to a neutralised solution 
of the lactonie acid i.: excess of sodium hydroxide (Found : Ag — 
4G*84. C 11 H 16 0 6 Ag. i requires Ag = 46-94 per cent.). 

cycloj Uepiylidencacdic Acid (X). — A> mentioned above, this 
substance is obtained as a s ‘ low “ fraction in tlu» distillation of the 
hydroxy-lactone. In the crude state, it boils at loo — 100°/20 mm., 
and, on redistillation, at 158" 20 mm. (compare Wallach, An- ak<t, 
1900, 314, 157). It is a coh unless, fairly mobile liquid, having a 
characteristic odour. It instantly decolorises cold, alkaline per- 
manganate and absorbs bromine (Found: C = 69*53; 1 1 —8*81. 
Calc., C ~ 70*08; H — 9*13 per cent.). It yields an insoluble 
silver salt (Found : Ag = 40*60. l\H 13 0 2 Ag requires Ag — 41*35 
per cent.), by means of which the acid itself can conveniently be 
purified. The yield of the acid is 7 per cent, of the the-, ret leal. 

x$-D ilromocyclohepta ncacdic Acid ( ?).— -Wallach (toe. cif.) men- 
tions *hat cyctoheptylideneacetic acid forms a solid dibromo- 
additive product, but he neither describes it nor even records its 
melting point. We therefore employed the very small quantity of 
material at our disposal in the endeavour to characterise "the 
unsaturated acid more completely by means of its dibromo- additive 
product. A solution of the unsaturated acid (0*33 gram) in 1 c.c. 
of chloroform was gradually treated with 4*3 c.c. of a chloroform 
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solution containing the correct quantity of bromine. On slow 
evaporation of the chloroform, crystals separated, which were 
drained on porous porcelain and crystallised from a very small 
quantity of chloroform. Colourless crystals, m. p. 124 — 125°, were 
obtained (Found : Br = 53*16. C 9 H 14 0 2 Br 2 requires Br = 50 93 
per cent.). 

cyclo//eptarcespirocyclopropatt-2-oJ-2 : 3 -dicarboxylic Acid (IX). 
— This acid constitutes 3 per cent, of the product obtained by 
hydrolysis of the bromo- lactone ester, and is contained in the 
aqueous extract produced by triturating with water (p. 132). On 
slow evaporation, the aqueous solution deposits the acid in colourless, 
cubical crystals, which after crystallisation from a mixture of ether 
and ligroin melt at 195° (Found : C = 57*85; H — 6*8; M, by 
titration, = 112*3. 0 1 |H| A O s requires C -- 57*88; H — 7*06 per 
cent.; M = 112). 

The acid gives no colour with ferric chloride, and does not de- 
colorise alkaline permanganate or bromine dissolved in acetic acid. 

Recognition of Oxalic Acid . — The aqueous solution from which ail 
other products of hydrolysis of the hrorno-lactone ester had been 
extracted with ether (p. 132) was evaporated to dryness with 
the occasional addition of a little hydrochloric acid. The solid 
residue was ground and extracted with boiling acetone, which on 
evaporation gave a dark residue. This was dissolved in boiling 
water, and the solution decolorised by means of animal charcoal 
and allowed to evaporate at 50 . Colourless crystals of oxalic 
acid separated, which were identified in the usual way. 

We desire to record our thanks to the Royal Society for a grant 
which has defrayed part of the heavy expense incurred in this 
investigation. 

Imperial College of Science and Technology, • 

South Kensington. rlvuh Dicn-th r lii22,] 


XVI . — Varying Valency of Platinum iriih Respect to 
31 e rca pi a n ic Rad ic 1 1 . 

By Sm Prafulla Chandra Ray. 

The ehloromereaptide (EtS) 2 PtCl, containing tervalcnt platinum, 
obtained by the interaction of platinic chloride and ethyl mercaptan 
(T., 1919, 115, S72), is also produced from diethyl disulphide undi-r 
similar conditions; during the reaction chlorine is evolved ; 

Et-S;S»Et 4 PtCl 4 -> (EtS) 2 PtCl. 
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An alternative explanation is that, on account of its greater 
affinity for sulphur, the platinum not only parts with three of its 
chlorine atoms but has its additional latent valencies revived, the 
chloromercaptide being in reality a derivative of quinquevalent 


platinum and a sulphonium compound, 


Et'S: 

Kt-S 


>PtCI. 


The quinque* and the sexa- valency of platinum are established 
by the compounds, (C 2 H 4 ) 3 S 2 ,PtCl 3 and (CoH^gS^PtCi^ already 
described (T., 1022, 121, 1283); these are examples of the sub 
phonium derivatives which the author has been investigating during 
the last seven years. Diethyl sulphide also yields with platinic 
chloride two chloroiiHTcap tides having the empirical formula) 
(Et 2 S) 2 PtCl 4 and (Et 2 S).,PtCl 2 * The former has been obtained in 
well-defined crystals and has been proved in acetone solution to be 
a non-electrolyte. Oyoscopic molecular weight determination in 
benzene solution also confirms the same conclusion. 

1 : 4-Thiazan, yields with hydrogen chloride the 

expected hydrochloride, C 4 H 9 XS,HC1. Davies finds that the 
compound with platinic chloride has the formula, B,H01,Ptt-l| 
(T., 1920, 117, 298) and he erroneously regards it as the chloro- 
platinatc of the base ; had it been so, it should have conformed to 
the formula (B,HCl) 2 ,Pt(*l 4 . The compound in question is possibly 

a chloromercaptide, having the formula 01 4 lh‘S < C|rj.jC > X 1 1,1111, 
in which platinum is scxavalent. 

Direct evidence of the variation in the valency of platinum has 
been obtained by the interaction of platinic chloride and the 
following mercaptans or rather their potassium salts, which have 
been found to be more reactive : -(1) 2-thinl-.Vthiu-4-phenyl- 

4 : o-dihydro-l : 3 : 4-thiodiazolc, ^ ^ and (2) dithio- 

c»s — s 

ethylene glycol, t’oH 4 (SH) 2 . 


* These can l>e represented on tin- basis of \\Vrn« -r’s co-ordination 
theory : 

Kt,S <1 

li / 

Yt( 

KfjS V| 

or, according to Tschugaeff and Subhot in (Ihr., p.Hu, 43, 


(I, 

Cl^ 1 L 

a 


Kt ,S 


Kt,,s 


Kt.S 

n / 

Pt 

Et r S Kt B S 


" t A'\ 
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TcmilfM Plat in n m . 

The product of interaction in each case has been found to be a 
well-defined compound, which admits of reproduction under the 
conditions of formation; these have been studied with great care. 
It has already been shown that if to a concentrated aqueous solution 
of the potassium salt of the above thiodiazole a dilute solution of 
chloroplatinic acid is added in a thin stream, a product is obtained 
which consists of a mixture of equal proportions of compounds of 
tcrvalent and bivalent platinum (T., 1919, 115, 875); by suitably 
adjusting the concentrations of the participants, the compound of 
tervalent platinum has now been isolated in a state of purity. By 
slightly modifying the process, the corresponding ' hloromercaptide 
has also been obtained. 

Ter-, Quadri-, Quuiquc-, >SV.r<i-, and Octa-ivknt Platinum. 

The mercaptan most suitable to the preparation of this series is 
dithioethylene glycol; although it is a dithiol, only one atom rtf 
hydrogen of the thiol groups is replaceable by potassium. The 
substitution of an atom of potassium seems to exercise a sort of 
inhibitory influence on the second hydrogen atom <»f the thiol group 
— in fact, the latter becomes so inert as not to lx* assailable by the 
chlorine atoms of plat hue chloride. Even ehloropicrin, which is a 
very reactive agent, yields with the mercaptide only the compound 
[(SH<: 2 H 4 'S) 3 C] 4 0 (T., 1919, 115. 1308). 

In the present instance, the reaction takes place as follows : — 
.rSH*C 2 H 4 ‘SK -\- PtCi 4 •--** Pt{S‘C 2 H 4 ‘SH) x . when* r ... 3. 4. 5. 0. 
or 8. By using solutions of the reagents of definite strengths and 
regulating the temperature of the reaction, compounds have been 
obtained in which platinum functions as ter-, quadri-. quinque-, 
sexa-, and oeta-valent, respectively. For instance, at the tempera- 
ture of the laboratory (-5 — 30*) sexa valent platinum compounds 
have generally been obtained ; but by suitably varying the con- 
centrations of the parent solutions, quinquevalent compounds 
have been secured at this temperature. If, however, instead of 
changing the strength of the above solutions, the temperature of 
the solution of the potassium salt be reduced to ,V -l.V [the platinic 
chloride solution being kept between 25— 3tF). only octa valent 
compounds will be produced ; similarly, l»y regulating the range 
of temperature between fiO* and G.V, quinquevalent compounds are 
formed; at about 80", quadrivalent* ones are obtained, whereas at 
about 100° the product is uniformly tervah^it. At intermediate 
temperatures mixtures are formed. These reactions have been 
repeated in almost all cases two to three dozen times under the 
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above conditions, with identical results. In fact, it has been well 
established that the particular valency which platinum will assume 
is a function of either of the two variables, concentration and 
temperature. 

This result might well have been expected from a consideration 
of the kinetic theory of molecules. As increase of temperature has 
the effect of increasing the mobility of the molecules, the platinum 
atom is not placed in a favourable position to attract its full quotum 
of mercaptanic radicles. Conversely, if the temperature of the 
solution is lowered, the molecular velocity will diminish and con- 
sequently the platinum atom will be in a position to develop its maxi- 
mal group valency. It is also a well-known fact that increaso of 
temperature tends to dissociate complex or heavier molecules into 
simpler ones, and the particular instance here in the case of com- 
pounds of platinum, the complexity of which diminishes with 
increasing temperature, falls within the scope of this general 
observation. In other words, the higher the temperature of 
reaction the lower the valency of platinum. 

The place of platinum in the periodic table would naturally lead 
us to expect that, like iridium, it should behave as tervalent and, 
like osmium, as quadri-, sexa-, and octa- valent . Ruff and Tschirch 
have shown that the formation of the fluorides, OsF 4 , OsF fi , OsF 8 , 
depends on the temperature, the rate of flow of the fluorine current, 
and the particular physical condition of the osmium (tier., 1913, 
46, 929), and this fact is fairly well borne out in the case of the 
platinum derivatb >'< which form the subject of the present 
communication. 

It is not easy to give equations of the reactions involved in the 
formation of the above compounds and to account for the vari- 
ation in the valency of platinum. The interaction of diethyl disul- 
phide # (Et 2 S 2 ) and ehloroplatinie acid results in the formation of 
the compound (EtS) 2 PtCl with evolution of chlorine. As diethyl 
disulphide itself results from the oxidation of ethyl mercaptan, the 
liberated chlorine cannot further act on the former and hence 
the presence of any impurity in the shape of oxidation product 
in this chloromercaptide is precluded. Platinum U evidently 
ten alent in this compound. When, again, ehloroplatinie acid acts 
on potassium thiazole, the platinum parts with all the chlorine 
atoms, but contrary to expectation a derivative is obtained in 
which the metal functions as tervalent. Of course by doubling the 
formula tne metal may be represented as quadri valent ; when, 
however, it is borne in mind that the chlorides of iron and iridUirn. 
the analogues of platinum in the transitional group, have the 
simpler formula; l et b and Jrt'J 3 , respect ivcly, it is scarcely likely 
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that the platinum mercaptide should have a more complex formula. 
Similar arguments would support the formula (SH.‘(j 2 H 4 S) 2 Pt 
for the dithioethylene glycol derivative. The formation of 
quadrivalent platinum mercaptide may naturally be expected; 
it is not easy to account for the existence of quinque-, sexa-, and 
octa- valent mercaptides. From considerations of the physical 
properties of ehloroplatinic acid, for example, ionisation, absorption 
spectrum, and heat of neutralisation, the formula H 2 PtCl 6 is 
assigned to it. As a working hypothesis, the formation of the 
above compounds may be explained according to the following 
equations, although objection may be raised that no direct proof of 
the evolution of hydrogen Is available : 

10SH-C 2 H 4 -SK + 2H 4 PtCl 8 - 2Pt(S*C 2 HySH) 5 + 

10KCl-f 2HC1 -{- Ho . . (1) 

6vSH*C 2 H 4 *SK + H 2 PtCI 6 = Pt(S*C 2 H 4 'SH) 6 + 6KC1 + H 2 . (2) 

6SH*C 2 H 4 -SK + 2SH*C 2 H 4 ’8[H] + H,PtCl 6 = 

Pt(S-C # U 4 *SH) 8 -f GKCl t 2H 2 . . (3) 

In the last reaction, the two molecules of free mercaptan are 
produced by the hydrolysis of two molecules of potassium mer- 
captide, the motive of the reaction being the affinity of the sulphur 
atom of the univalent radicle SH*C 2 H 4 -S- for platinum, and hence 
in the formation of the octavalcnt compound the hydrogen atom 
shown in brackets is displaced so as to enable the sulphur atom 
to enter into direct relationship with the metal, and satisfy its 
maximum valency. It is well known that certain radicles, simple 
or compound, enable certain elements to develop their maximum 
latent valencies. Thus sulphur, which in regard to chlorine is 
either bi- or quadri valent, behaves as sexavalent when combining 
with fluorine or iodine ; platinum in respect to the radicle SH*C 2 H 4 \S‘ 
thus has varying valencies depending on the temperature and 
concentration of the latter. 

On the other hand, it might be urged that ehloroplatinic acid 
would act as if it had the formula PtCl 4 .2H01 ; there is then the 
possibility of chlorine being liberated, in some instances at any 
rate, which would oxidise a portion of the dithioethylene glycol 
to (C 2 H 4 S 2 ) z ; the latter, being insoluble in ordinary solvents, might 
be expected to contaminate some of the products. The presence of 
this oxidation product is, however, highly improbable. Let it be 
supposed that the reaction is only quantitative in the ease of 
quadrivalent platinum and that the other products are merely 
mixtures. These, according to the results of fhe actual experiments, 
should be represented as 
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Pt(S*C 2 H 4 *SH) 4 4. jp ; Pt(S’C 2 H 4 *SH) 4 4* 2x ; Pt(S*C 2 H 4 *SH) 4 -f 4x ; 
where x — C 2 H 4 S 2 .'‘’ 

In other w ords, the amount of the impurity occurs in exact multiple 
proportions of the molecule C a HjS 2 . In mixtures, however, one 
would expect the impurity to occur in indefinite proportions. 

Another equally untenable position to which the above sup* 
position would lead is that the lower the temperature of the 
reaction the larger the amount of the oxidation product, the 
maximum oxidation taking place at o — 15^ and the minimum at 
100°, that is, at the temperature yielding the tcrvnlent platinum 
compound. The presence of any accidental foreign substance 
thus seems to be out of question. Indeed the oetadic character of 
platinum, far from being an anomaly, is to be welcomed as justifying 
its place in group viii of the periodic system. 

K X P K K I M E X T A I. . 

Tcrralent Plat i mun. 

Tliiodiazole and Plat in ic Chloride. —To 0-5052 gram of the potass- 
ium salt, dissolved in 10 c.c. of water, were added with stirring 
2 c.c. of chloroplatinic acid (I c.c — 0*0301 Pt). The floeculent, 
orange precipitate obtained was washed with water, dried in a 
vacuum desiccator, powdered, and treated successively with hot 
alcohol and benzene (T.. 1010, 115, S7t») to extract the impuri- 
ties {Found: Ft — 2202; S — 31*88. (\, 4 H| ri X fi S s Pt requires 

Ft — 22*59; 8 — 33*03 per cent.). If, however, dilute solutions 
of the reactants be used, a ehloromcreaptide will Ik* formed (see 
under quinquivalent platinum). 

Dilhiotthf/lmc Hl}/col and Platimc Chloride. The modus ojurandi 
is the same as deseribed under sexavalent platinum, the temper- 
ature of the mereaptide solution bring, in ibis ease, a laud 
HXT CFound : 14 - 41-05: S 30 0(5: (' 15-24 . H 3-31. 

requires Ft - 4 M3; S 10-51 : (' 15-15; li 3-15 

per cent.), 

Quad n r<t{( n t / *lat i n u m 

Dithiafikylnm (ih/rol and Plainin' ('blonde. The quadrivalent 
compound of platinum produced by the interact inn of dithioethylene 
glycol and platinie chloride has already been described {lor. ril „ 
P- 876); but in the present instance tin* pota>sium derivative of 
the mercaptan was employed, liv using it in the same 
concentration as in the rases of ter-, quinque-, sexa-, and octa-valent 
derivatives, hut increasing the temperature to SO , the desired 

* Analysis cannot discriminate between SH-<Vh s and Him differ- 

i-'i'-e being only one atom of hydrogen. 
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compound was obtained (Found : Ft — 34-34 ; 8 — 45-68 ; 

C = 16-57 ; H = 3*33. CgH^SgPt requires Pt = 34*39; 8 = 45-14 ; 
C = 16*93 ; H = 3*54 per cent.). 

Trietkylene Trmdphide and Platinic Chloride. — The product of 
interaction is a crystalline compound conforming to the formula 
<C 2 H 4 ) 3 S 3 ,PtCl 4 , in which platinum behaves either as tetrad or 
hexad (see above). 

Quiw[uevalent Platinum. 

Diethyl Disulphide and Platinic Chloride. — When an alcoholic 
solution of the components is heated under reflux on the water- 
bath for three to four hours, the solution gradually becomes turbid, 
an orange precipitate forms, and chlorine is continuously evolved. 
The compound has the empirical formula (C 2 H 5 *8) 2 Pt(. , l. but in 
reality it is a pentad derivative of the metal. The same compound 
is also formed in the cold when a concentrated alcoholic solution 
of the parent substances is set aside for twenty -four hours or more 
(Found : Pt - 54*51 ; 01 - 9*95 ; 8 --- 18*11. Pt(C,H-*S) 2 Cl 

requires Ft — 55*02; Cl — 10*09; 8 — 18*19 pe r cent.]. 

It is, in fact, the same compound which has already been 
described as formed by the interaction of ethyl mercaptan and 
chloroplatinic acid. If instead of this simple mercaptan one with 
a complex radicle, for example, thiodiazole, be used, a corresponding 
ehloromcrcaptidc will be obtained. 

Thiodiazole and Platinic Chloride. — To 4 c.c. of diluted chloro- 
platinic acid (= 0*0400 gram Ft) were added drop by drop with 
constant stirring 7*5 e.e. of a dilute solution of the potassium salt 
(-— 0-105S gram). The precipitate- was washed with water, dried 
in a vacuum, and treated successively with alcohol and benzene 
(Found: Pt - 28*19; Cl - 4*Sf». Fis^io^C 'lS 6 "Pt requires 
Pt - 28*86; Cl = 500 per cent.). , 

Triethylene Tri sulphide and Platinic Chloral. -The trisulphide 
has also been shown to yield another compound with platinic 
chloride which has the formula (C 2 H 4 ) 3 8 2 ,PtCl 3 . one atom of sulphur 
being detached from the trisulphide during reaction. The platinum 
here may be regarded as ter- or quinque- valent. 

Dithioethylene Glycol and Platinic Chloral*.- T<» <i 4330 gram 
of the potassium salt, dissolved in 84 e.e. of water at the ordinary 
temperature (25— 30°), were added with vigorous shaking 23 e.e. 
of platinic chloride solution (I e.e -- 0*0067 grpm Ft). The light 
brown precipitate was treated as described under sexa valent 
platinum. The same compound was obtained »when the experiment 
was conducted under the same conditions as given below under 
sexa valent platinum, the only variation being that the temperature 

F* 2 
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was kept between 60 — 65° (Found: Pt — 20-78; S = 48-01 ; 
C = 18-46 ; H = 4-54. C lo H 25 S 10 Pt requires Pt = 29-54 ; S-48-50 ; 
C = 18-13; H = 3*78 per cent.). 

Sexavalent Platinum . 

As the mereaptide, C 2 H 4 (SH)(SK),* is the parent substance from 
which most of the derivatives of platinum have been obtained, and 
as it has not been described before, its preparation is given hero 
in detail. A large excess of concentrated alcoholic potash is added 
to dithioethylene glycol. The mixture, which solidifies when 
stirred, is rapidly filtered with suction, and the solid washed with 
alcohol. Care should be taken to limit the quantity of alcohol 
used, for the potassium salt is appreciably soluble in that menstruum. 
The solution remains clear only for about half an hour and then 
begins to turn turbid owing to aerial oxidation and the formation 
of the disulphide, C 2 H 4 S 2 . 

Dithiodhykne Glycol and Platinic Chloride. — The hexad deriv- 
ative is the one which was almost invariably formed when about 
12 c.c. of platinic chloride solution (1 c.c. = 0-0200 gram Pt) were 
added to 0-5500 gram of the potassium salt of dithioethylene glycol, 
dissolved in 15 c.c. of water at temperatures between *25 — 30 3 . The 
platinum chloride solution was introduced in a thin stream into the 
vigorously agitated liquid and the operation was finished in 
less than five minutes. The granular, light-brown precipitate was 
vigorously shaken, and a large volume of water added to the 
mixture to preclude the possibility of the formation of potassium 
chloroplatinate. It was washed first with water, then with alcohol, 
and finally with ether, and dried in a vacuum over sulphuric 
acid (Found : Pt = 26-00 ; S - 51*40 ; C - 18-94 ; H -■* 3*40. 
^ 12 ^ 30 ^ 12 ^ requires Pt — 26 09 ; 8 ~ 50-85; C — 19-07; II 3-97 
per cent.). 

Diethyl Sulphide and Platinic Chloride. —\ concentrated alcoholic 
solution of the above two components was set a>idr for two to three 
days. The crystalline products which were obtained were dissolved 
in boiling alcohol. The crop which was deposited on cooling con- 
formed to the formula (Et 2 S) 2 PtCl 4 and had the m. p. 19$\ On 
concentration of the mot her- liquor, the product of the formula 
(Et 2 S) 2 ltCl 2 , m. p. 77 3 , was obtained f (Found: Pt ~ 44-01 : 
Cl= 16-05. Ualc. for Pt - 43-97; Cl - 15-85 per 

cent.). 

* Analysis of the potassium salt. Found ; K - 2‘j-yy. C,H.S f K requires 
K = 29-55 per cent. 

t Both these compounds have aln-ndy been drst-ribed, but the method of 
formation was quite different (Jakretbir., l&sy, t, ULtt; TachuguvQ p foe. cti.). 
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Octavaknt Platinum, 

Dithioethykne Glycol and Phtinic Chloride . — The conditions of the 
experiment were almost the same as described under sexavalent 
platinum, the only difference being that the temperature was kept 
at 5—15° (Found : Pt = 21-00 ; S = 54-79 ; C = 19-97 ; H = 3-89. 
CjgH^SifiPt requires Pt = 20-94; S = 54-41 ; C = 20-36; H=4-25 
per cent.). 

The absence of chlorine was proved in all these compounds. 

Diethyl Sulphide and PUitinic Chloride . — The preparation of the 
compound (Et 2 S) 2 PtCl 4 has been described under sexavalent 
platinum [Found : Pt — 37*64 ; Cl = 27-20 ; M, by the cryoscopic 
method (in benzene), = 540. CgH^CI^Pt requires Pt = 37-96 : 
Cl = 27-36 per cent. ; M = 519 ] 

Chemical Laboratory, 

College of Science, 

University of Calcutta. [Received, April 3rd, 1022.] 


XVII. — Phenyll r hn ethyla mmon in ?n P e rhalo ids. 

By Hamilton McCombie and Thomas Harold Blade. 

It has been known for a long time that both organic and inorganic 
haloids combine with one or more molecules of free halogen to give 
crystalline substances termed perhaloids, of which KI 3 , NMc 4 I 3 , 
XMe 4 ICL 2 are typical examples. Comparatively little, however, 
seems to be known about the chemical structure or the reactions 
of these substances. The purpose of many investigations in the 
past would seem to have been directed principally towards estab- 
lishing whether there exists an upper limit to the combining power 
of the atoms forming such complexes, in order to test the validity 
of this or that hypothesis concerning residual valence, partial 
valence, or the contra-valence of the atoms concerned. 

This communication describes experiments carried out with 
phenyl trimethylammonium haloids in order to establish the 
following points : 

(n) To which atom in a quaternary ammonium salt the capacity 
for the addition of free halogen is due. 

(6) To what extent and under what conditions interconversinn 
of perioefides, perbromides, chloro-iodides, and bromo-iodides is 
possible. 

(c) Whether isomeric perhaloids can bo prepared containing the 
same atoms dilferently arranged, or 
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{d) Whether from a given set of halogen atoms one favoured 
arrangement of such atoms always exists. 

(e) Whether any trustworthy means of degradation of a perhaloid 
could be devised in order that the structural arrangement of its 
atoms could be deduced.* 

In an investigation of perbromides derived from aromatic nitro- 
genous bases, de Vries (Annafon, 1905, 343, 128) concluded that, 
since nitrogen-free compounds such as the haloid salts of oximes 
and oxonium bases also give perhaloids, which he considered 
analogous to the perhaloids of quaternary ammonium salts and 
of the hydrobromides of primary, secondary, and tertiary amines, 
the affinity which unites the added halogen atoms to the molecule 
is not dependent on the nitrogen atom but on the halogen atom 
which is united to the nitrogen. As the validity of this reasoning 
depends on the similarity in chemical properties between the 
perhaloids of oxonium bases and those of quaternary ammonium 
salts, the authors felt that this assumption of do Vries should be 
placed on firmer ground. Non- ha logon salts of a quaternary 
ammonium base, that is, phenyltrimethylammonimn nitrate and 
sulphate, were treated with chlorine, bromine, and iodine, but in 
no case have nitrates or sulphates with added halogen been 
obtained. Very small quantities of QmBr 3 ,t Qml a , Qml 5 , together 
with much unchanged nitrate or sulphate, were obtained in each 
case. These experiments confirmed the view that the necessary 
condition for obtaining perhaloids is that a halogen atom shall 
be present as a salt-forming element in the original quaternary 
ammonium salt, that the affinity which bolds the added halogens 
emanates from the V- halogen atom, but not in an indefinite way 
from the molecule as a whole nor from the nitrogen atom. 

It is interesting to notice that, at one time, Masson and Kirk- 
land (T., ISS9, 55, 132) believed that they hail evidence of the 

* In connexion with the perhaloids tin* following terms are employed in 
this communication : 

1. A -Halogen, by winch is mount tin* halogen atom in a perhaloid which 
is united directly to the nitrogen atom of the bus.-. 

2. Added -halogens, which are those halogen atoms in a pet-haloid (intimately 
associated with the «Y -halogen) which are most easily dct:uh«d from the 
molecule. This term does not refer to the method of formation ; for example, 
by treatment of quaternary ammonium iodides with chlorine, derivatives of 
the quaternary ammonium chloride an- obtained: H,NI (’l, l^NCl.lCl. 
In the perhaloid so oMjiincd, the added halng* ■ns are considered to In* IL’I - 
not chlorine — and in the same way .chlorine and not iodine would bo con- 
sidered the .V-hnlog n. 

3. Parent quaternary .-alt. which is the salt resulting from a perhaloid by 
the elimination of the add.sj halogens. 

t Qm = NThM**,— . 
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formation of perhaloids of phosphonium compounds derived from 
tetraethylphosphonium sulphate, for example, (PKt 4 ) 2 S0 4 Br 22 and 
(PEt 4 ) 2 S0 4 Br 12 . These authors, however, found that after crystal- 
lisation from alcohol these compounds were free from sulphate. 

De Vries regarded perhaloids as molecular compounds which, 
being unstable, easily break down into relatively stable, simpler 
compounds, but the term seems misleading as applied to quaternary 
ammonium perhaloids, for most of these possess considerable 
stability, definite crystalline form, definite melting point, ami can 
be recrystallised from such a solvent as glacial acetic acid. Em- 
phasis is laid on this point because the so-called instability of 
quaternary ammonium perhaloids has been much exaggerated in 
the past. It will be shown later that such perhaloids in the finely 
powdered, solid state have dissociation pressures at temperatures 
below 94° which, in most cases, are actually lower than those of 
the parent quaternary ammonium salts. 

To obtain information on points (b) t (c), (</). and (e), the quaternary 
ammonium chloride, bromide, or iodide in glacial acetic acid solu- 
tion was treated with halogen. The porhaloid thus obtained could 
then be treated further with halogen, but it soon became evident 
that the same compounds were being obtained by different methods 
of preparation and that the constitutions of the tomjKmnds could 
not be deduced from their methods of formation, but would have 
to be elucidated by the nature of the degradation products. 

The first method of degradation consisted in the use of ethyl 
malonate, which was found to be a very gentle and convenient 
method of removing halogens. An example of its use is furnished 
by the degradation of XPbMe 3 (i.R'l 3 , which on treatment with 
ethyl malonate yields XPhMe a CUCl. 

As a more vigorous means of withdrawing halogens, acetone 
(dry) at temperatures from 18" to its boiling point was found to 
be particularly useful* On treatment with acetone, these per- 
haloids (except those containing the group 1., or I 4 } lose their added 
halogens and the parent quaternary ammonium salt is precipitated, 
for example, QmC],lt'l w ith acetone gave Qm(*l : QmCl.lClj gave 
QinCI; QmBr, IBr gave QmBr: QmBr.Br, gave QmBr; QmBr.t'L 
gave QmBr; and QmBr.Rl gave QmBr.’ Pcriodides of the types 
QmI,Ij and Qinl,l 4 , as also bromodi -iodides, QinBr,^, are not, 

* Comparative experiments wore carried uut at ninporatures from \S 
to the boiling point of acetone and during periods of tarn varying from fifteen 
minutes to sixty hours. In every ease* idont icitl products were obtained in 
the same reaction. As is to bo expected, the velocity oi the reaction is 
affected by the temperature. On account of their du’terent velocities the 
reactions with the individual perhaloids wore carried out at dififer'nt tvmpej-- 
atures in order that they might be completed within a single day. 
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however, attacked appreciably by acetone under these conditions. 
From the fact that the acetone treatment of different perhaioids may 
give rise to the elimination of chlorine alone, bromine alone, iodine 
and chlorine, or iodine and bromine the likelihood that acetone 
may exercise too marked a preferential affinity for one halogen 
rather than another is small. This acetone treatment, first employed 
by de Vries and by Hantzsch for the degradation of perbromides 
and extended by the authors to mixed perhaioids in general, is 
probably the most trustworthy method for ascertaining the con- 
stitution of the parent quaternary ammonium salt. It has the 
great advantage over all methods using water or other hydroxylic 
solvents that secondary changes are eliminated. 

After degradation had indicated the nature of the parent 
quaternary salt and of the added halogens, a synthesis from these 
was attempted cither in acetic, hydro bromic, or hydrochloric acid 
solution, and in every case the identity between the synthetic 
product and the original peril Aloid was complete. 

In Table I are summarised the methods of formation of the 
different perhaioids, their degradation products, products of 
chlorination, etc. 

It is to be noticed that the capacity for the direct addition of 
halogens by the quaternary ammonium salts (without interchange 
of reacting elements) is greatest in the ease of the quaternary 
ammonium bromide. This is shown in Table II. Whereas the 
iodide gives rise to only one type of perhaloid, that is, the per- 
iodides, and the chloride only to the chloro-iodoehlorides, it is 
seen that the bromide gives rise to live distinct types, of which 
QmBr,Cl 2 is the least stable. The most interesting of these types 
is QmBr,ICl, which contains three atoms of different halogens 
united together. Its constitution follows from its degradation hv 
the acetone treatment into the quaternary ammonium bromide. 
Many attempts were made to prepare* the isomeric substance 
QmCljLBr, but without success. When the chloride was treated 
with iodine monobromide, Qmt’UCl and QmBr.IBr resulted. It 
appears as if the arrangement QmCl,IBr is essentially unstable. 

Replacement of Ilaloym Atom* in l\r haloids. 

“From a study of labie I it is seen that by the action of a halogen 
on a perhaJoid or on a quaternary ammonium salt, an exchange of 
the sY- halogen or of the added halogen frequently takes place. 
The following generalisations have been observed with regard to 
these replacements : • 

1. Chlorine invariably replaces the A’. halogen in the quaternary 
ammonium iodide or in period ides. It also replaces the A- bromine 
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in derivatives of the quaternary ammonium bromide only when 
iodine is also present in the solution. The ehlorine of iodine mono- 
chloride replaces the A ? - bromine of QmBr only when at least two 
atomic proportions of 01 (as IC1) are present. Chlorine replaces 
the added halogens in QmBr,Br 2 giving QmBr,Cl 2 . 

2. Bromine causes replacement of the A'-halogen in the quaternary 
ammonium iodide and in periodides. Bromine replaces, to a very 
small extent, the A T -halogen in the quaternary ammonium chloride, 
yielding perbromides. Bromine does not react with derivatives 
of the quaternary ammonium chloride such as QmCl,ICl s and 
QmCl,ICi. 

3. Iodine was found to replace A - halogens in only one case, 
and then only to a small extent, that is, QmCI, treated with excess 
of iodine, gave a small quantity of the periodide. iodine was 
found frequently* to combine with the added halogens, forming 
iodine monochloridc or monobromide {2 mots.) ; one molecule 
combined with the quaternary ammonium salt, forming a mixed 
perhaloid, so that the final result appeared as though one atom 
of added halogen had been replaced by iodine : QmBr, Bn, h = 
QmBr.IBr -f I Br. 

The validity of these generalisations is exemplified by the 
following experiments : 

(ft) A hot solution of QmCl,ICl 3 and QmCl.lCl in glacial acetic 
acid was treated with bromine. The crystals which separated on 
cooling were found to be identical with the unchanged substance. 
This result supports generalisation 1, for if a per bromide were 
formed momentarily, being in presence of chlorine and iodine 
monochloride, it must reform immediately QinCl.KM and QmC! r IC'l 3 . 

(/)) One molecular proportion of iodine trichloride was dissolved 
in glacial acetic acid and heated at 4u so as to become dissociated 
largely into chlorine and iodine monochloridc. One molecular 
proportion of phenyltrimethylaiumoiuum bromide, also dissolved 
in glacial acetic acid, was added to the solution, when crystallisation 
began in less than a minute, the product being QmOUU and not 
QmBr,ICl or QmBr.Cri. 

(c) Acetic acid solutions of varying amounts of iodine mono- 
chloride, carefully purified by distillation so as to be free from 
the trichloride, were added to acetic acid solutions of phenyl tri- 
methylammonium bromide. \\ hen one molecular proportion of 
iodine monochloride w*as used, the product was found to be QmBr, If 1, 
but when two or more molecular proportions were used, the product 
was invariably QniGJ,lCL In the latter ease, the product was 
found to be the same irrespective of whether the bromide solution 
was added to the iodine monochloridc or vice versa, provided at least 
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two molecular proportions of the monochloriile were present before 
the mixed solutions were cooled and had begun to crystallise. 

As perhaloids are in general much less soluble in acetic acid than 
the parent quaternary ammonium salts, it was considered likely that 
low solubility might be the determining factor in deciding which 
compound would result, but investigation showed that such i.> 
not a factor of the first order of importance in deciding the course 
of the reactions. This fact, taken in conjunction with the absence 
of isomeric forms, suggests that the course of the reaction depends 
entirely on the inherent stability of certain arrangements or 
groupings of halogen atoms. 

The stability of the perhaloids lias been studied from another 
point of view, namely, that of the dissociation pressure of the finely 
powdered solid under the influence of rise in temperature. The 
values obtained are given in the experimental portion. In spite 
of a few slight discrepancies, the order of these dissociation pressures 
for the perhaloids is surprisingly small, being less than those of the 
quaternary ammonium salts themselves up to temperatures of 
about 90°. Above this temperature, rapid decomposition takes 
place. This result, although unexpected, is not altogether without 
a parallel, for somewhat similar behaviour is noticeable in the case 
of corresponding oxygen compounds, for example, the relative 
stability of chlorates and hypochlorites. 

K x l' K r: i m v. >: t a l. 

Analysis has been found necessary only where either a new 
substance has been encountered nr the identification of a compound 
by means of (a) appearance and crystalline form, (6) melting point, 
alone or in admixture, has been inconclusive. Jn general, much 
more reliance can be placed on these two simple methods then 
had been anticipated, although it will be appreciated that* with 
such reactive substances as perhaloids the melting point of a 
mixture did not always give definite results owing to mutual 
interaction. 

Analysis . — The halogen estimations were all done in scaled tubes 
at 240°. The mixed silver haloids were weighed and then converted 
into silver chloride by heating in a stream of chlorine at 200‘ . 

Methods of Degradation.— [**) By means of Ethyl Malor.ate. As 
an example of this method, the degradation of NThMe 3 CI.ICl s 
may be described. The pcrhnluid was dissolved in about ton 
times its weight of ethyl malonate* and wanned quickly to 40". 
when evolution of hydrogen chloride began: The solution was 
then transferred to a desiccator and the latter evacuated. On 
the addition of ether to the solution the lower perhaloid was 
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precipitated in a pure condition, the yield being 97 per cent, of 
the theoretical. (6) By means of Acetone. For this method, 
absolutely dry acetone must be used. The best temperatures 
were found to be between 18° and the boiling point, and at the 
end of the reaction the quaternary ammonium salt usually crystal- 
lised from the reaction mixture or was precipitated by the addition 
of dry ether. 

Action of Halogens on Phenyltnmetkyhmmonium Iodide. — 
Chlorine in glacial acetic add at 20 — 80° gave a mixture of 
NPhMe 3 Cl,ICl 3 (2 rod*.) and XPhMe 3 C!,ICl (1 mol.). Bromine at 
80° in glacial acetic acid yielded NPhMc 3 Br,IBr, whilst iodine at 
80° yielded the di-, tetra-, and hexa-iodides. Iodine monochloride 
at 10CC in glacial acetic acid gave NPhMe 3 I,I 4 (60 per cent, yield). 

Phenyltrimethylammonium Bromide , XPhMe 3 Br. — This was pre- 
pared by a modification of the method employed by Vorlander 
and Siebert ( Ber 1919, 52, 284) and by Tapel and Brendler ( Ber. t 
1898, 31, 1349). Fifty grams of XPhMe 3 Br,Br 2 , prepared from the 
sulphate by the addition of bromine, were dissolved in 150 c.c. of 
dry acetone and shaken. After live minutes, the solution became 
colourless and precipitation of the quaternary bromide took place. 
This was recrystallised from a mixture of dry alcohol and dry 
ether. The yield was 32 grams. 

With chlorine at 60° in glacial acetic acid, the quaternary am- 
monium bromide gave NPhMe 3 Br,Cl 2 (Found : C — 37’7 ; H — 5 0 ; 
Br = 27’8; Cl = 24T. C g H 14 NCl 2 Br requires C = 37*7 ; H = 4 9 ; 
Br~27'S5; Cl — 24‘7 per cent.); with bromine, it gave 
NPhMe 3 Br,Br 2 , with iodine, NPhMe 3 Br,I 2 , with iodine inonobromide 
XPh>le 3 Br,IBr, with iodine monochloride (1 mol.), XPhMe a Br,ICl, 
and with iodine trichloride or the monoehloride (2 mols.), there 
resulted NPhMc 3 Cl,ICl. 

Phqnylirimetbjlammonann Chloride , XPh\fe 3 Cl. — This could not 
be isolated in the solid form, hut was obtained as an oil when the 
hydroxide and hydrochloric acid were concentrated to a syrup, 
the syrup dissolved in absolute alcohol, and the chloride precipi- 
tated by ether. For identification purposes, the double salt with 
mercuric chloride, XPhMe 3 Cl,HgCl 2 , melting at 184% was employed. 
Chlorine, dissolved in hydrochloric acid, in alcohol, or in glacial 
acetic acid, had no action on this compound ; bromine gave a 
10 per cent, yield of XPhM«' 3 Br,Br 2 ; iodine in acetic acid gave a 
10 per cent, yield of the tetra- iodide, NPhMe 3 T,I 4 (m. p. 84°) ; whilst 
iodine morophloridc gave a nearly quantitative yield of 
NPhMe 3 Cl,ICl. 

Action of Halogens on Phenylt rimethylammon ium Iodide Di-iodide 
and on the Tctra-iodide, — The di-iodide, NPhMe 3 I,I gl when treated 
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with chlorine in glacial acetic acid at 45°, gave’NPhMe 3 Cl,ICl 3l 
melting at 144°, whilst bromine at 80° gave NPhM^BrJBr, melting 
at 120°; iodine gave the tetra-iodide, NPhMe 3 I,I 4 . 

The tetra-iodide with chlorine at 100° gave a mixture of 
NPhMe 3 Cl,ICl and NPhMe 3 Cl,ICl 3 . 

PhenyUri methylammon ium Bromide Dichloride, XPhMe 3 Br,Cl 2 . — 
This substance could be obtained by the direct action of chlorine 
on the quaternary ammonium bromide, but was prepared best 
by chlorinating phcnyltrimethylamrnonium bromide dibromide, 
NPhMe 3 Br,Br 2 , in glacial acetic acid at 80 \ The dichloride was 
precipitated by the addition of other and when re crystallised 
from glacial acetic acid, in which it is somewhat easily soluble, 
it formed very pale yellow leaflets which melted at 111 0 (Found : 
C = 37 7 ; H = 5*0; Cl = 24*1 ; Br = 27-8. C 8 H 14 XCi 2 Br requires 
C = 37*7 ; H — 4 9; Cl = 24 7; Br « 27*85 per cent.). The 
constitution of this substance was established by its losing chlorine 
when kept in a vacuum desiccator over potassium hydroxide and 
also by its decomposition in the cold by acetone, when the quaternary 
bromide was produced (Found : Br = 30 7. Calc., Br = 37 0 per 
cent.). 

Chlorine was without further action on the dieliloride, and 
bromine at 60° in glacial acetic acid had no action. Iodine in 
acetic acid at the boiling point gave XPhMe 3 Cl,IC!. 

Pken yllrimdhyla mmm i u m Bromide Iodochloridc , XPhMe 3 Br,ICl.' — 
This was prepared by heating together in glacial acetic acid for 
live minutes equivalent quantities of iodine monoehloride and 
phenyltrimethylaramonium bromide. When the solution was 
cooled, sandy -yellow crystals separated, which, after two crystal- 
lisations from glacial acetic acid, melted at 1U4\ The yield was 
80 per cent, of the theoretical (U*2902 gave 0*4300 of mixed 
silver haloids, which yielded after chlorination the ratio 
silver haloids/AgCl = T33. C 9 H 14 XClBrl requires 0'434 mixed 
haloids and the ratio 1*316). The constitution of this substance 
was established by treatment with acetone, which yielded the 
quaternary ammonium bromide free from chloride or iodide. 

This iodochloridc, when treated with chlorine at D0 C , gave 
NPhMe a Cl,ICl 3 ; bromine was without action on it ; whilst iodine 
gave traces of NPhMe 3 Br,l 2 . 

PhenyUrimdhjlammonimn Bromide Irfobromuh. XPhMc,Br,IBr. 

This substance was formed by the action of bromine on 
NPhMc 3 Br,I 2 or NPhMe 3 I,I 2 , by the action of iodine on 
NPhMe 3 Br,Br 2 , or by the action of iodine tpomide on XPhMe 3 Br. 
The best method of preparation consisted in the addition of a slight 
excess of bromine to an acetic acid solution of phenyltriincthyl- 
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ammonium iodide at 00°. The yield was nearly theoretical and the 
product, when re crystallised from glacial acetic acid, consisted of 
glistening orange plates which melted at 120° {Found : Br = 38*1 ; 
I = 291 ; N - 3'21. C 9 H 14 NBr 2 I requires Br = 37 8 ; I = 29*9 ; 
N — 3*3 per cent.). The constitution of this substance was 
established by treatment with acetone, when the quaternary 
ammonium bromide resulted. Chlorine acted on this iodobromide 
to produce a 96 per cent, yield of NPhMe 3 Cl,ICl 3 , whilst bromine 
was without action on it, and iodine gave only traces of 
NPhMe 3 Br,I 2 . 

Phen ijltri me thy la m mon i u m Bromide Di-iodide , NPhMe 3 Br, [ 2 . — 
This compound was prepared by the addition of the calculated 
weight of iodine to a concentrated solution of the quaternary 
ammonium bromide in acetic acid. The mixture was kept at 
100° for a few minutes, and, on cooling, the di-iodidc separated. 
It was recrystallised from glacial acetic acid, when it formed deep 
orange-brown plates melting at 1 14°. The yield was about 83 per 
cent, of the theoretical (Found : Br = 1(5*1 ; I =- o5'2. C e H 14 NBrI 2 
requires Br — 174 ; I ^ 55*2 per cent ). 

The constitution was inferred from its method of preparation 
and from the fact that it resembled the periodides in not being 
degraded by treatment with acetone. 

When chlorine was passed into a solution of the di-iodide in 
glacial acetic acid, bromine was evolved and NPhMe 3 CI,ICl 3 
separated. Bromine acted on the di-iodide and produced 
N PhMe 3 Br,IBr, whilst iodine was without further action. 

Phen yllrivicthylatn mon i mu ( 'hloridr Iodomonochloride , 
NPh.Me.ja.lCl. 

-This compound was originally prepared by iSamtleben {Her., 
1898, 31, 1146), who obtained i( by the action of chlorine on phenyl- 
trimethylammonium iodide in hydrochloric acid solution. It can 
be obtained also by the action of ethyl malonate at 40° on 
NPhMe 3 CI,IC!.j, or by the action of iodine on NPliMpgBr, 

Samtleben’s suggestion that this substance was the iodochloridc 
of the quaternary ammonium chloride has been confirmed by means 
of degradation with acetone and the conversion of the very soluble 
chloride produced into tlm double salt with mercuric chloride, 
NPhMe 3 Cl,HgCl 2 , which me! is at 1S4°. It was found }w*siblc also 
to synthesise the compound from the quaternary chloride ami 
iodine monochloride in acetic acid solution. 

The action of chlorine on the iodomonochloride converted it. 
partly into the iodotrichloridc, NPhMe 3 CI,lCl 3 , which usually 
crystallised along wifh the unchanged monochloride. Bromine 
and iodine were without action on the substance. 
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Phenyltri meihylam monium Chloride / odotricktorideji* Phile 3 Cl ,ICI 3 . 
—The best method for the preparation of this substance consisted 
in the action of chlorine on a glacial acetic acid solution of 
XPhMe 3 8r,IBr at 60 — 70°. When the solution was cooled, the 
product crystallised in long, yellow needles which melted at 144°. 
It can also be prepared by chlorination of the periddide (0*3225 
gave 0*6461 of mixed silver haloids, which after chlorination gave 
mixed haloids /AgCl ~ 1*129. C 9 H 14 XC1 4 I requires 0*6450 of mixed 
haloids and the ratio 1*128). 

This product was also formed together with the iodoi nonochloride 
by the chlorination of phenyltrimethylammoniura iodide in glacial 
acetic acid at any temperature between 20° and 100". The two 
products were separated by dissolving 3 grams in 60 c.c. of glacial 
acetic acid at 104 — 106° and allowing the solution to cool slowly, 
when both products crystallised and could be separated by hand- 
picking with the aid of a lens ; the addition of a few drops of 
bromine facilitated this separation by tinting the crystals to a 
different degree. For a long time the product of chlorination, 
which melts at 141*', was thought to be homogeneous and to have 
the formula (XPhMc 3 (1,ICl 3 ) 2 , XPhMc 3 CI,ICI (Found : C - 28*3 ; 
H =-= 3*8; X - 3*6 ; Cl = 30*9; I - 33*7. Calc., C = 2<S*3; 
H — 3*7 ; X — 3*7 ; Cl =-- 31*0; I 33 3 per cent.). It is best 
regarded as a double salt. 

The constitution of the iodotrichloridc is established by (a) 
treatment with ethyl malonate, when the iodoroonochloride results, 
and (6) treatment with acetone and the addition of mercuric chloride, 
when the characteristic double salt derived from the quaternary 
ammonium chloride is precipitated. Further, it was possible to 
synthesise this substance by the action of iodine trichloride on the 
quaternary ammonium chloride and separation of the two con- 
stituents of the double salt. 

Chlorine and bromine were found to be without action <*n the 
iodotrichloridc. On grinding the substance with water, a red 
colour was formed immediately, and on standing a small quantity 
of XPhMe 8 I,I 4 was precipitated. When the substance was treated 
with a concentrated aqueous solution of potassium hydroxide and 
the solution acidified with acetic acid, a small quantity of the 
same periodide was produced. 

Solubilities of the Pcrhetloid* in . lr//u* . hid oi 38*. 


i’erhaloid. 

Solubility Relative 
in grams solubility 
per litre, in mols! 

' tVrhaU.i l. 

Solubility Relative 
in grams solubility 
per litre, in mols. 
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Vapour Pressures of the Perhaloids at Different Temperatures. 

The apparatus used consisted of two small similar distilling 
flasks, to the side tubes of which were fused the two upper ends 
of a long narrow U-tube, fitted with small bulbs at the upper end 
of each limb. The U-tube, partly filled with mercury, acted as 
a manometer. The dried, finely powdered substances to be com- 
pared were introduced into the distilling flasks, the neck of one 
flask was sealed whilst the other distilling flask was connected 
with a pump, completely evacuated, and sealed. The bulbs of 
the flasks were immersed in a thermostat, and readings were taken 
at each temperature. A simpler form of the apparatus was made 
by fusing together a single distilling flask and a U-tube with a 
very long sealed limb. With this apparatus the absolute dis- 
sociation pressures of the substances were obtained directly. 

Vapour pressures in mtn. of mercury at 


Substance. M. p. 38*. 00°. S0 J . 89". 94—96°. 100°. 155°. 

QmBr 214° 6 21 — 54 62 

QmBr.Br, 112 — 5-5 5'5 6 >322 

QmBr, Cl, HI 11 13 16-5 9(?) — 

QmBr, I, 114 2*5 3 4 — 6 6*5 15 

Qml 224 2 5 8 8*5 11 

QralJ, 116 — 2 1 — 2 15 >170 

QmI,I 4 86 1*5 3 4 — 5 

QmCl,ICI 3 144 l 1 — — 10 


Slum nary. 

The preparation and properties of the following new perhaloids 
are described; NPhMe 3 Cl,ICl 3 ; XPhMe 3 Br,Cl 2 ; XPhMe 3 Br,IBr ; 
NPhMe 3 Br,I 2 ; XPhMe 3 Br,ICl. 

The results of chlorination, bromination, and iodination of each 
of the following are also described : (NPhMe 3 ) 2 S0 4 ; NPhMe 3 N0 3 ; 
NPhile 3 Cl; NPhMo 3 CI,ICI ; NPhMe 3 Cl,RI 3 ; NPIiMc 3 Br; 
NPhMe J Br,Cl t ; NPhMc,Br,Br.; NPhMe 3 Br,I 2 ; NPhMe,Br,I, ; 
NPhMe 3 Br,ICl; NPhMc 3 Br,I01 ; NPhMe,Br,IBr ; NPhMe 3 i; 
NPhMe 3 I,I 2 ; 

The following deductions have been drawn from these results. 

1. Since the sulphate and nitrate do not give stable perhaloids, 
perhaloid formation is due to the halogen of the quaternary 
ammonium salt and not to the nitrogen atom. 

2. The bromide gives the widest range of stable perhaloids by 
direct addition. 

3. Chlorine always replaces the A -halogen if iodine is also present. 

4. In the absence of iodine, chlorine replaces the added halogen, 
not the A-halogen. 
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5. Bromine replaces JV-iodine, but not X-chlorine or added 
chlorine to any appreciable extent. 

6. Up to 95°, the perhaloids have smaller vapour pressures 
than the parent quaternary ammonium salts. 

7. Low solubility is insufficient to explain these reactions. 

8. The assumption that these perhaloids are molecular compounds 
fails in a similar manner. 

9. True chemical affinity where the halogens are multivalent is 
the only explanation of these experiments. 

10. Two methods of determining the constitution of the per- 
haloids by the successive removal of the most easily detached 
halogens by means of (a) ethyl malonate under reduced pressure 
and (5) acetone are given. 

Chemistry Department, 

The University, Cambridge. [ftcceira?, September 20th, 1922.] 


XVIII. — Benzbisthiazoles. Part II. 

By Stephen* Rathbone Holden Edge. 

A previous paper {Edge, T., 1922, 121, 772) described the pre- 
paration of a bcnzbisthiazole from ?/j-p}ienylenediamine. This 
benzbisthiazole was there regarded as being probably 2 : G-di- 
methylbenzbisthiazole (1), although it could theoretically be 2:7- 
dimethylbenzisobisthiazole (II). To help to elucidate this point, 
a benzisobisthiazolc, 2 : 4 : l-trimfihylUnziiobi&tkiazole (III) has 
been prepared starting from w-tolylcnediamine. 
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The method was similar to that employed before, the acetyl 
derivative of the diamine being converted into a mixture of thio* 
acetyl derivatives and this oxidised in alkaline solution to the bis- 
thiazole. The oxidation to bisthiazoie did not go as smoothly as 
before — more tarry matter was produced and yields of pure product 
were very small. Just as in the previous ease, a mixture of constant 
composition and sharp melting point of sevoji molecules of dithio- 
acetyl-m-toiylenediamine with two molecules of monothiodiacetyl-m- 
tolylenediamine was discovered. From this, pure dithioacctvl-w 
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tolylenediamine was obtained after very many recrystallisations from 
water. The monothio-compound appears in this case to be tarry 
and could not be isolated. 

This trimethylbenz/fiobisthiazole is a much weaker base than 
the previously described dimethylbenzbisthiazole. Its monohydro- 
chloride is decomposed by boiling water with production of an 
emulsion of the bisthiazole. When dry, the hydrochloride begins 
to decompose below 100° and for this reason has no definite melting 
point. The thiazole dissolves in concentrated hydrochloric acid 
and the solution appears stable. On diluting slightly, the mono- 
hydrochloride is precipitated. On further dilution this precipitate 
redissolves. 

Definite evidence of the existence of a dimethiodide was obtained. 
This somewhat surprising fact provides an explanation of the high 
iodine content found for the monomethiodide of the 2 ; (i-dimethyl- 
benzbisthiazole previously prepared. The method of production 
of the bisthiazole might be expected to give small quantities of 
the isomeric 2 : 7-dimethyiben/JSobisthiazole in addition to the 
main bulk of 2 : 6-dimcthylbenzbisthiazolc. If now benziao- 
bisthiazole is a diacid base and gives a dimethiodide, the high iodine 
content is explained. Working on this hypothesis, it was noticed 
that the specimen of the bisthiazole which had been recrystallised 
seven or eight times to get a sharp and constant melting point 
had never been used for making the methiodide. On carrying out 
the preparation and analysis of the methiodide with a little of 
this sample, the value I — 34’92 was obtained, theory requiring 
I — 35 '09 per cent, for the monomethiodide. Since there can be 
no doubt as to the structure of the trimethvlbenzisobisthiazole 
now prepared, and since the dimethylbenzbisthiazole previously 
described shows no trace of being a diacid base, the above results 
point .definitely to its being 2 : fi-dimethylbonzbisthiazole. 

E X V E K 1 M E N T A L. 

Mixture of Mono- and Di4hioacetifl-n\-loIijkni<U<jmin< -s . — Fifty 
grams of diacetyl-m-tolylcnediamirtc and 25 grams of finely- 
powdered phosphorus pentasulphide hoiled under reflux with 
500 c.e. of toluene for one and a half hours, yielded on treatment 
just as before described 35 — 38 grams of the crude mixture. Three 
rccrystallisations from alcohol brought: the melting point of this 
product up to 178°, at which it remained constant after further 
recrystallisation from alcohol: This mixture of constant in. p. 
consists of a yellowish -white powder of minute, needle-shaped 
crystals. The melting point is raised and made much less sharp 
by mixing with pure lUthioacetyl-m-tolylenediamine (Found : 



EDGE 1 B'ENZBTSTHT AZOLES. PART II. 


155 


S = 24*04. Calc, for 7 mols. of rlithio- to 2 moK of monothio- 
acetyl derivative, S — 24*27 per cent.). 

D iihioaceiyl-w- tolylenediumine . — Repeated crystallisation of the 
above mixture from water slowly raised its melting point to 185 — 
186°, at which point it became constant. Fine, yellowish -white, 
needle-shaped crystals were obtained (Found : C = 55*93 ; H — 
5*98 ; S — 27*16. Calc., C = 55*46 ; H = 5*88 ; S — 26*90 per cent.). 

2:4 : 1 -TrimethylbenzhobisthiazoU . — A solution of 20 grams of 
crude dithioacetyl-m-tolylenediamino and 68 grams of sodium 
hydroxide in 500 c.c. of water is added to 180 grams of commercial 
potassium ferricyanide in 1000 c.c. of water. After keeping for 
one hour, the precipitate is collected and dissolved in 250 e.e. of 
alcohol, the solution, diluted to 500 c.c. with water, is boiled with 
animal charcoal, filtered, cooled, just acidified with dilute hydro- 
chloric acid, and the precipitated tar removed. The solution is 
made strongly alkaline (80 grams of sodium hydroxide) and ex- 
tracted with ether. The ethereal solution is dried with sodium 
sulphate, boiled with charcoal, and filtered. The residue left after 
evaporation of the ether is crystallised from hot light petroleum, 
when the bisthiazole (yield about 2 grams) is obtained in white, 
feathery needles, in. p. 115 — 116 J (Found : C = 56*73: H ~= 4*62 ; 
S — 27*45. G li H 10 N 2 S 2 requires C — 56-41 : H = 4*27 ; 8 

27*35 per cent.). The hydrochloride, made hv dissolving the bis- 
thiazole in concentrated hydrochloric acid, diluting slightly, and 
filtering off the copious white precipitate, forms very minute, 
needle-shaped crystals, which melt and decompose at 170 — 18u* 
(Found: Cl - - 13*22. C ll H 10 X ! &,Hn requires Cl - 13*12 per 
cent.). 

Methiodidis . — Approximately 0*15 gram of the (-sobisthiazole 
was heated with excess of methyl iodide for several hours in a 
sealed tube. After drying in air until no further loss in weight 
occurred, the increase in weight was found to be o* 10 gram (roughly, 
theory requires an increase of 0*09 gram for the monomethiodiile 
and of 0*19 gram for the dimethiodidc). 

0*5 Gram was heated with methyl iodide as before, and the pro- 
duct, recrystallised from water, gave white, matted crystal*. 
These were dried at 100°. From the appearance it was obvious 
that some decomposition had taken place (Found : l — 28*89 
per cent.). 

The above experiment was repeated, care being taken to heat 
for as short a time as possible when recrystallising, and the air- 
dried product was dried in a vacuum desiccator without further 
heating (Found : I — 40*00. Theory requires, for the mono- 
methiodide, I = 33*78; for the dimethiodidc, 1 = 49*04 per cent ). 
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Lack of material prevented further repetitions of the above 
preparation. No definite melting points could be obtained because 
of the decomposition which started even below 100°. 

Kino’s College, University of London, 

■Strand, W.C. 2. [Received, December I3<A, 1922,] 


NIX , — Synthesis of Substituted Thianthrens . Part I. 
Thianthren and Nitrotkianthren. 


By Sri Krishna. 

Perusal of the literature on substituted thianthrens shows that 
the methods of preparation hitherto described give only the sym- 
metrically (^substituted derivatives and are applicable only in a 
very limited number of cases (see, for example, Fries and Volk, 
Ber., 1909, 42, 1170; Fries and Engclbcrtz, Annalen, 1915, 407, 
194; Cohen and Skirrow, T., 1899, 75, 888; Rav, T., 1921, 119, 
1962). 

An attempt is now being made to synthesise mono-, di-, or 
poly-substituted thianthrens by a method that should be applicable 
lo benzene derivatives containing acid or basic substituents. The 
present communication describes the synthesis of thianthren by a 
method which utilises the reactivity of the halogen atom in nega- 
tively substituted chlorobenzene. 6-Chloro-3-nitrobenzencsulphinic 
acid condenses with the sodium derivative of phenyl mercaptan, 
4r-nitro-2-$ulphinodipkcnyl sulphide (I) being formed. This is 
readily soluble in concentrated sulphuric acid. If the blue solution 



obtained is immediately diluted with water, the sulphoxide (11) 
will be precipitated, but if the solution is kept for half an hour 
before dilution, 3-aitrolkianthrcn (III) will be obtained and sulphur 
dioxide evolved. 

3-Nitrothianthren is readily reduced to %-aminothianthren, from 
which through the diazo-compound thianthren is obtained. 

The mono - and the di-sulpfyoxide and the disulphone of 3-nitro* 
thianthren have begn prepared. The former dissolve in sulphuric 
acid, giving red and yellow solutions, but the disulphone forms a 
colourless solution. 
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A blue colour is produced when a solution of 3-nitrothianthren 
in glacial acetic acid is treated with hydrogen chloride or stannic 
chloride. The production of this blue colour has been regarded 
as evidence of the existence of quinonoid dithionium salts (Fries, 
loc. cit). Attempts have been made to isolate such salts .of 3-nitro- 
thianthren, but these have not been successful due probably to 
the influence of a nitro-group. If 3-nitrothianthren is heated with 
anhydrous ferric chloride in acetic acid, a ftrrichloride is formed. 
A dich loro* additive product is formed when dry chlorine is passed 
into a glacial acetic acid solution of 3-nitrothianthren, but attempts 
to Isolate the substance have failed, as it is very quickly converted 
into a sulphoxide in presence of moisture. 

The present work is interesting because the starting material 
contains a nitro-group, the presence of which in the molecule has 
been found to inhibit the course of other methods of synthesis 
{Ray, loc. cit.). Several mercaptans, containing various substi- 
tuents, have been condensed in the above fashion and the reaction 
has so far been found to be a general one. Experiments are in 
progress to synthesise thianthrens containing hydroxy-, nitro-, or 
sulpho-groups, the preparation of which has defied all attempts 
made by previous workers. 

Experimental. 

ft-Ghloro-S-nitrobenzenesulphinic Acid . — A mixture of 20 grams of 
6-chloro-3-nitrobenzenesulphonyl chloride, prepared by Fischer's 
method ( Ber. f 1891, 24, 3194), and 50 grams of sodium sulphite 
(Xa,S(y3H 2 0) 

in 75 c.c. of water was shaken for three hours, until the sulphonyl 
chloride had dissolved. The mixture was tested for alkalinity 
from time to time and dilute sodium hydroxide was added to 
prevent formation of sulphur dioxide. The mixture was kept at 
atmospheric temperature by the addition of ice, any undue increase 
of temperature being fatal to the success of the experiment on 
account of hydrolysis of the sulphonyl chloride. The mixture was 
filtered, well cooled in icc, and concentrated hydrochloric acid 
slowly added, when a crystalline solid separated. The sulphinic 
acid crystallises from water in shining, colourless plates, m. p. 139\ 
It gives the usual test with concentrated sulphuric acid and phenetole 
(Found: Cl =- 1615; S = 14*6$. C 6 H 4 0 4 XCii> requires Cl - 
16-02; S = 14*44 per cent). 

±~iS T itro~2.$ulphi7iodi phenyl Sulphide, (Formula I). — A solution of 
22 grams of 6-chloro-3-nitrobenzenesulphinie aci$ in 50 c.c. of water, 
containing 4 grams of sodium hydroxide, was added to a boiling solu- 
tion of 11 grams of phenyl mercaptan in 25 c.c. of water, containing 
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4 grams of sodium hydroxide, during twenty minutes, during which 
time the temperature of the boiling solution rose to 105 — 107°, The 
red solution, when cold, was filtered, diluted to about 300 c.c. with 
ice and water, and slowly acidified with cold dilute sulphuric acid, 
a yellow, crystalline product being obtained. If the acid had been 
added too quickly, the deposit was oily ; it hardened, however, on 
keeping. The product sometimes contained phenyl mercaptan (in 
which case the precipitate was invariably soft), and this was re- 
moved by grinding with ether. The 4- ni tro-2-mlphinodiphcn yl 
sulphide ^ when dry, was crystallised from chloroform or alcohol 
iu very small, lemon-yellow needles, m. p. 135°. This substance 
is very soluble in cold dilute alkalis (Found : G = 40*12 ; H — 3*20 ; 

5 - 22*05; X ---• 4*60. G j 2 H 0 O , NS* req uires G — 48*81 ; H — 3*05; 
8 -= 21*76; N — 4*74 per cent.). 

3 - xY f / roth ici nth re n (Formula 111). — The preceding sulphinic acid 
was finely powdered and dissolved by addition in small portions 
to a convenient volume of concentrated sulphuric acid at room 
temperature (20 grams of the sulphinic acid usually required 75 c.c. of 
the mineral acid). The solution, the red colour of which changed 
to violet-blue on keeping, was poured after twenty to twenty-five 
minutes into 500 c.c. of water, when a dull yellow solid separated. 
This was collected, washed several times with hot water, dried, 
and crystallised from formic acid, when Wnitrothianthren was ob- 
tained in small, orange needles, m. p. 128 . it can be distilled in 
a vacuum at 260 2 and sublimes in long, slender, orange needles. 
It is quite insoluble in boiling alkalis, but dissolves in strong sul- 
phuric acid giving a deep violet solution, from which it is repre- 
cipitated unchanged on the addition of water (Found : 0 — 55*31 ; 
H = 2*89; S = 24*33 : X - 5 51. C u U 7 0 2 XS 2 requires C = 
55*17; H = 2*70; <S 24*13; X - 5*30 per cent.). 

fyAminoihianthrtii' X H_, ■ t ' , ; H ; ^ \ Hj . — Ten grains of 3-nitn'- 

fhianthren, dissolved in 0u t\r. <>f VO per cent, acetic acid, were 
reduced by boiling under reflux for three to four hours with zinc 
dust. The cooled mixture was filtered and poured into a large 
volume of water, when a voluminous, white precipitate appeared 
This having been well washed, and warmed with strong aqueous 
ammonia several times to remove traces of acetic acid, the product 
was dried and crystallised from act tone or alcohol, being obtained 
in colourless needles, m. p. 185 1 (Found : X - 6 26; S — 27*S2. 
C u H a XS 2 requires X 6 06; S - 27*70 per cent.). 

Z-Aminothianlhnn dissolves in concentrated sulphuric acid 
forming a deep bide solution. The hydrochloride and the sulpkaU . 
which are quite easily prepared, are only slightly soluble in water 
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but fairly soluble in dilute alcohol . These salts are readily diazotised 
by the usual methods; the diazotised solutions give bright rod 
precipitates with alkaline solutions of fi-naphthol and resorcinol. 

Thianthren. — To a boiling solution of 7 grams of 3-aminothianthren 
in 50 c.c. of absolute alcohol and C grams of concentrated sulphuric 
acid, 1 ’5 grams of so< lium nitrite were added in small portions. After 
two hours' boiling, the solution was filtered into 300 c.c. of water, 
when a white precipitate separated. This was collected, washed, 
dried, and crystallised from alcohol. The product thus obtained 
sublimed in a vacuum in long needles, which were identified as 
thianthren by the melting jxunt of its mixture with a genuine sample. 

‘i-Nitrothianthrai Monoxide. (Formula II). - This compound was 
obtained when 4-nitro-2-su]phinodiphcuvl sulphide was dissolved 
in concentrated sulphuric acid at ahoi 1 1 50 . The method of isolating 
the product was the same as that described in the ease of 3-nitro- 
thianthrcn. The sulphoxidc was also prepared by boiling an acetic 
acid solution of 3-nitrothianthren with dilute nitric acid for one 
hour. The cooled mixture was poured into water, and the sulph- 
oxidc was crystallised from dilute acetic acid in nodules, m. p. 166. 
It was reduced to 3-nitrothianthren by boiling with hydrogen 
bromide in acetic acid solution. It dissolved in concentrated 
sulphuric acid with a red colour and was re precipitated unchanged 
with water (Found : S — 2315. t , li H 7 0 3 \S ; > requires S — 23 TO 
per cent.). 

3 - y i t rotk to n th re a Dioxide., XO.yC 0 H il < C^|^ > C 6 H 4 , was prepared 

by oxidising 3-nilrothiantliren in boiling glacial acetic acid with 
nitric acid ( d 1*4). After boiling for half an hour, the mixture wa> 
poured into water, and the light yellow (sometimes cream-coloured) 
precipitate was collected, washed, dried, and crystallised from 
dilute acetic acid, forming light brown prisms, m. p. 226' (Found : 
IS — 21*9$. C 12 H 7 0 4 NlS i requires S 2l\S4 per cent.). • 

Xilrotkianthren Trfro.ci'ft , -This di- 

itilphone was obtained when a hot glacial acetic acid solution of 
Tnitrothianthren was added drop by drop to a boiling acetic acid 
iolution of chromic acid. The product was isolated as described 
n the case of the sulphoxides, and crystallised from alcohol or 
iilute acetic acid in colourless prisms, m. p. 255 (Found : S -= 19*90 . 
S’ — 4*24, 0 12 H-0 6 NS 2 requires $ — 19*69: N - 4*30 per cent.). 

3 -Nitrotkianthren Ferrichloridr, 2X0. 2 <* fi H 3 <^]>C g H 4 ,FeCl 3 , was 

prepared from anhydrous ferric chloride and -1-nit rot hianthren in 
;lacial acetic acid. On cooling the filtered mixtme. dark brown 
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crystals of the double salt were obtained. These, recryatallised from 
acetic acid, melted at 223° (Found : Fe = 10*40. 2C 12 H 7 02NS 2 

requires Fe = 10*52 per cent.)* 

In conclusion, I desire to express my thanks to Professor Smiles, 
F.R.S., for his interest and helpful suggestions, and to the Research 
Fund Committee of the Chemical Society for the grant which 
defrayed part of the expenses incurred in this research. 

Chemical Laboratory, 

King’s College, London. [flfcriretf, November 2~th, 1922 .] 


XX, — The Determination of the Dissociation Pressures 
of Hydrated Salts by a Dynamical Method* Part II. 

By James Riddick Partington and Donald Bennett 
Huntingford. 

The methods employed in the measurement of the dissociation 
pressures are (a) statical, (6) dynamical (Partington, T., 1911, 99, 
467}, (c) indirect. In the last method, water is removed by allow* 
ing the higher hydrate to come to equilibrium in a liquid, in which 
the hydrates are insoluble, or very slightly soluble. The amount 
of water in the liquid phase is then determined, and from this the 
dissociation pressure obtaiued. 

^lenzies ( J . Ainer. Chew. So c., 1920,42. 1952) finds that consider- 
able pressures, due to permanent gases, develop in tensimeters after 
exhaustion, and suggests that the abnormally high pressure, noticed 
by Schottky (Z. physikal, Chem ., 1908, 64 , 433) during the initial 
stages of an experiment, is due to this cause. The pressure* on 
each side, due to these gases, then become equalised by the dis- 
solution and diffusion of the air, etc., in the oil. 

Menzies determined the pressure of this residual air in the tensi- 
meter after equilibrium had been reached by immersing the bulb, 
containing the salt, in a freezing mixture at — 50 s , and found a 
pressure of 0*3 mm. of mercury. He concludes that this is due 
to the persistence of the air during evacuation as an adsorbed layer 
on the crystals of the salt. 

Wilson (J. Amer. Chem . Soc ., 1921, 43, 704) employed a small 
balance inside a desiccator, equipped with a fan and stirrer, and 
containing sulphunc acid solution, the strength of which was varied 
until the concentration was found at which the salt neither gained 
nor lost in weight, wh m exposed to the air in equilibrium with the 
acid. From the density of the acid the dissociation pressure of the 
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salt can be determined. The closeness of the limits between which 
the salt lost or gained in weight depended on the rate at which the 
salt gained or lost water. This is slow in the case of CuS0 4 ,5H 2 0 
— > CuS0 4 ,3H a 0, whilst in the cases of CuS0 4 ,3H 2 0 —> CuS0 4 ,H 2 0 
and BaCl 2 ,2H 2 0 — > BaCl 2 it is so slow as to make this an unsatis- 
factory method. Each determination lasts several weeks. Wilson 
states that these results are less open to question than those of 
other methods, as equilibrium can be approached from either side. 

Tammann (Wied. Ann., 1888, 33, 329) introduced the transpira- 
tion method, whereby a measured volume of dry air is aspirated 
over the salt, and the water vapour evolved collected in suitable 
drying tubes. He observed that dissociation pressures measured 
in this way are higher than those determined tensimetrically and 
ascribed the difference to the presence of traces of saturated solution, 
retained by the crystals. 

Campbell (Trans. Faraday Soc 1915, 10, 202) confirmed Regnault’s 
(Tfied. Ann., 1845, 15, 129) and Shaw’s (Phil. Trans., 1888. 179, [A], 
73) observations that liquids exert a lower vapour pressure in the 
presence of gases than in the presence of their own saturated 
vapours only. He adduced evidence which indicates that this 
lowering is related to the solvent power of the liquid, although the 
amount of dissolved gas is insufficient to account for the whole of 
the observed lowering. Violent agitation causes these differences 
to tend to disappear. Campbell gives the following values for the 
vapour pressure of water at 70°; in a vacuum 233*8 mm.; in 
hydrogen 230*8 mm. According to Winckler (Z. physikal. Chem., 
1892, 9, 171), 100 grams of water dissolve 0*0 3 1019 gram of 
hydrogen at 70° under a total pressure of 760 mm. 

The lowering of the vapour pressure, according to Raoult’s law, 
will therefore be Aj> = iyi/A T ^ 234 X 0*0001019 2 X 18/100 « 
0 002 15 mm. The observed lowering is 3*0 mm. There is, hoover, 
another effect of the presence of an inert gas on the vapour pressure 
of a liquid not referred to by Campbell, and this tends to raise the 
vapour pressure to an extent approximately given by PrF, where 
P is the- pressure of the gas, and v and V are the specific volumes 
of the liquid and vapour, respectively (see J. R. Partington, “ Text- 
book of Thermodynamics ” 1913, p. 200). For water at TO 3 , v = 1 c.c. 

(approx.), and V - x x *jt? X 1,000 = 5060 c.c., and 

therefore Ap = Pv/V = 760/5060 = O'Lo nun. of Hg. This 
would mask the very small effect of opposite sign, due to the Raoult 
effect. Thus it- appears that theory requires admail (and measur- 
able) increase of vapour pressure in the presence of a relatively 
insoluble inert gas rather than the diminution actually found by 
vol. exxm. * a 
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experiment, and therefore the true cause of the latter has yet to 
be discovered. 

Campbell suggests that Tamm arm's high results may be due to 
this lowering of the vapour pressure in the presence of gases. A 
recalculation made by Campbell, of Tammann’s values leads to 
results in better agreement with the values determined by Frowein 
(Z. physikal. Ghent., 1887, 1, 5). The latter, however, are too low, 
as was shown by Henries (J. Atner. Chem. Soc., 1920, 42, 1955). 

The transpiration method was improved by Partington (T., 1911, 
99, 466), who eliminated the troublesome corrections for changes 
of temperature and barometric pressure. Tammann’s observation 
that the pressures obtained by this method are slightly higher than 
those obtained by the tensimetric method was confirmed. Parting- 
ton suggested that the first product of dehydration is an unstable, 
probably amorphous, lower hydrate or anhydrous salt, which 
slowly passes into the stable form, the true equilibrium pressure 
being then reached. 

Baker {Ann. Reports, 1912, 8, 34) believes the abnormally high 
pressures are due to the occlusion of saturated solution in the 
crystals of the salt. If this were the complete explanation, the 
pressures as measured by the tensimetric method should depend 
on the size of the bulb available for the production of vapour. If 
this is small, the vapour will come into equilibrium with traces of 
solution, and a higher pressure will be recorded. With a larger bulb, 
all the solution will evaporate and a lower pressure, due to the 
efflorescence of the salt, will be obtained. Experiments to test this 
point would probably be of interest. 

Rae (T., 1916, 109, 1235) recorded some experiments on the 
period of induction, occurring at the commencement of dehydr- 
ation of a salt. He states that — It may well be that the vapour 
pressure of very small particles of copper sulphate trihydrate may 
be much greater than that of larger particles, and may approach 
that of the pentahvdrate ; if this is really the ease, it is dear that 
the formation of these particles, and therefore the initial stages 
of the change from pentahvdrate to trihydrate, will take place 
with great difficulty, until the particle* of the latter have reached a 
certain size."’ 

His assumption that the increase of vapour pressure is due, not 
to the unstable modification of the trihydrate first formed (as 
suggested by Partington), but simply to the fine state of sub- 
division of th^ trihydrate in its ordinary stable form is, however, 
certainly not to bc 4 inferred from the. result obtained with small 
particles of a pure substance, which volatilises unchanged. In 
the first place, this analogy, the basis of Rae s theory, would not 
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explain the differences observed, as the sizes of the small crystals 
would be larger than those required to produce measurable differ- 
ences in the vapour pressure of small drops. Moreover, the two 
cases are totally different. When a drop of liquid evaporates, the 
composition remains unchanged and the physical and chemical 
characters of the interface, liquid] vapour, remain constant ; whereas, 
when ft crystal of copper sulphate pentahydrate effloresces, the 
physical and chemical characters of the interface, solid] vapour, 
alter completely, and the pressure is constant only when two solid 
phases are present. 

Rae’s comment that Partington’s interpretation of his results and 
the postulation of the intermediate formation of an unstable lower 
hydrate seem unnecessary, appears to be unconvincing. The lower 
initial values are also an experimental fact, not explained byKae's 
hypothesis. 

Baxter and Lansing (J. Amer . Chew. Soc., 1915, 37, 309), employ- 
ing Tammann’s original transpiration method, measured the disso- 
ciation pressures of several salts with great exactitude. 

Menzies ( J . Amer. Chem. Soc. f 1920, 42, 978) suggests that there 
are errors in Tammann’s and in Partington’s experiments due to 
the asbestos and glass wool plugs, used by these investigators. He 
observes that no other investigators used glass wool plugs to filter 
air, assumed to be of 100 per cent, humidity. Jn the experiments 
approved by Menzies, saturators of the Kahlenberg type (Science, 
1905, July 21st) were employed; in those the air is slowly drawn 
over the surface of the water, and not bubbled through it. it should 
be recalled that Tammann did not emplo\- a water saturator, but 
measured the volume of air aspirated over tile salt. 

Menzies enclosed glass wool, previously treated with steam and 
dried in a current of air for ten minutes at 250 ,* in a U-tube and 
aspirated air, saturated with water vapour, out it. At first, 
13 9 per cent, of the total weight of w ater vapour w as retained by 
the glass wool, but the value gradually fell to 0*79 per cent. This 
effect is considered later in the present communication. 

Menzies {J. Amer . Ckcm. £oc., 1920, 42, 1951) notice? that no 
correction was applied to eliminate the error, pointed out by 
Berkeley {Mature, 1915, 95, 54), arising when the moist air. in 
equilibrium with the salt, has a smaller volume than the saturated 
air in equilibrium with the water ; or for the change of pressure due 

* Mr. W. G. Shilling (recent investigations in this laboratory) finds that 
the film of adsorbed moisture is only givfcn up by glass surfaces at 37tC and 
by silica at 800° in a current of dry air. The dry surface then shows little 
tendency to become recoated with a new film of moisture. Compare also 
Partington and Cant, Phil. May., 1922, [vij, 53, 371. 

G 2 



164 PARTINGTON AND HUNTINGFORD : THE DETERMINATION OF 


to the head of water in the saturator. Mcnzies determined the 
dissociation pressure of copper sulphate pentahydrate by a procedure 
similar to Partington's and also with a tcnsimcter. A mean value 
of 7*80 mm. was obtained by the dynamical method, agreeing 
fairly well with the value, 7’74 mm., determined tensi metrically. 
The difference is stated to be due to condensation of the water vapour 
before it reaches the drying tubes, a phenomenon first noticed by 
Berkeley and Hartley [Phil. Trans., 1909, 209, [A], 177). 

Foote and Scholes ( J . Amer. Ckem. Soc 1911, 33, 1309) deter- 
mined the dissociation pressures of hydrated salts by an indirect 
method, namely, by shaking the salts with aqueous alcohol. The 
results obtained are very low. 

Wilson (ibid., 1921, 43, 704) used amyl alcohol and estimated the 
water content of the mixture from the conductivity of this solu- 
tion, when saturated with potassium thiocyanate. Noyes and West- 
brook (ibid., 19*21, 43, 720) also employed this method. From the 
results of their experiments and those of Wilson, mentioned previ- 
ously, a curve connecting the dissociation pressures of the salt and 
the composition of the equilibrium amyl alcohol-water mixtures was 
plotted. The curve shows that the water content can be deter- 
mined with a fair degree of accuracy in the ease of salts, for which 
trustworthy results have been obtained by other methods. 

With copper sulphate pentahydrate, the percentage of water in 
the equilibrium mixture is 1*3 ± 0*2, and this error produces a 
variation in the. dissociation pressure o£ 1*6 mm. of mercury. 

It seems extremely unlikely that this method will give better 
results with salts such as barium chloride dihydrate, with which 
investigators have experienced difficulties. The initial part of the 
curve slopes rather steeply and this means that the water in the 
amyl alcohol-water mixture has to be determined very accurately. 
This seems to be the defect of the method, whilst the chief advan- 
tage is that equilibrium may be approached from cither side. 

Experiment a l. 

The efficiency of various types of saturator was first investigated. 
It was found that the bubbler type gave the best results, and th 
use of other types was discontinued. 

A bubble; similar to that used by Partington (T., 1911, 99, 467) 
was attached to a vessel carrying the trap (Fig. 2, foe . cit.) and the 
absorption tube, filled with pumice which had been boiled with sul- 
phuric acid. The apparatus was.set up in a large thermostat, electri- 
cally controlled, the temperature of which remained constant within 
i 0*002^ as indicated by a Beckmann thermometer. The bubbler 
mth its trap and absorption tube was connected with a large fcspirat* 
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in g bottle to which a mercury manometer was fitted, and air was 
drawn through the bubbler. The manometric and the barometric 
pressures and the temperature of the issuing water were noted 
every hour. When an experiment was finished, the taps 'were 
closed, and the absorption apparatus was detached, cleansed from 
the lubricant, vaselin, by means of cotton wool moistened with 
ether, and weighed against vessels of approximately the same 
volume and surface area. The air was initially dried by calcium 
chloride, and any water vapour was prevented from reaching the last 
absorption tube by a similar tube of calcium chloride, connected 
with the aspirating bottle. 

The vapour pressure of water at 25" was found to he 23*80 mm. of 
mercury; Scheel and Hcusc give 23*76 mm. (Landolt, Bernstein, 
and Meycrhoffer, “Tabellen,” 4th edit., p. 360). 

A plug of unwashed glass wool, dried at 110°, was now inserted 
in the tube between the bubbler and the trap, and the weight of 
water vapour per litre of saturated air determined as before. 


Volume (lhros) of 

Gram of water saturated air at Gram oi aqueous 

collected. 700 nun. and 25% vapour p* r litre. 

0-2810 12 H 0-O21S.7 

0-1 Stiff si .‘» 

0-2042 sum; im.2273 

Saturation value, found ahoy- (JU22S5 


Glass wool was boih d with water h<r twenty minutes, dried at 
110°, and left in a desiccator over calcium chloride until the next 
morning, when it was placed in the apparatus and the experiments 


were conti n\ soil. 

Gram of war r 

YoUmv ili-.o sj of 
.Mimnlt <1 cur Jit 

Gr im of aqueous 

collected. 

“tju mm. and 25 . 

vftj-our p» r hire. 

0-2276 

in 22 

ou2227 

0 1;i!G 


u-< '2257 

o-n:i:w 

• 12 :.: 

o' •2252 

(M(i24 

Mo; 

i> »>2 3 y 

ff-Uns 




At the conclusion of this scries <4 experiments, the plug of glass 
wool was removed and plan'd in a platinum didi with some fteshly 
boiled water; no alkaline reaction was detected by phmulphthalein. 

A specimen of gla<s wool, as received from the dealer- 5 , on similar 
treatment reach** l alkaline. 0*6772 Gram of this mi washed glass 
wool was boiled with 50 e.c. of water for three to five minutes and 
the solution titrated with A 50-acid. After neutralisation, it was 
again boiled and titrated. Ibis procedure was continued until no 
alkaline reaction was shown on further hoilii.LT. • The alkali present 
was equivalent to 0*25 per cent, of Aa Oil calculated on the weight 
of the wool. 
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Another sample of glass wool was boiled under reflux with 100 c.c. 
of water for six hours. The alkali present was equivalent to 
O' 63 per cent, of NaOH. 

Glass wool which had been boiled with water, dried at 110°, 
and left in a desiccator over-night, was placed in the vapour-pressure 
apparatus and air, saturated with moisture, passed over it until 
the weight of water vapour per litre of saturated air showed that 
the glass wool had retained a maximum quantity of water vapour. 
The water in the saturator was now replaced by a solution of 43 '75 
(weight) per cent, sulphuric acid having a vapour pressure of 
11*56 mm. of mercury at 25° (Landolt, Bomstein, and Meyer- 
hoffer, op. cit. f p. 426). Air was aspirated through this acid, and its 
vapour pressure determined. 


Gram of water 
collected («?). 
0-0380 
0-0722 
0 0454 
0-0436 
0-0330 


Volume (litres) of 
moist air aspirated at 
760 nun. and 25° (K). 

3- 350 
0-349 

4- 043 
3-890 
2-990 


Vapour pressure of 
HjSO* solution (/'). 
12-0 
11-64 
11-69 
11-67 
11-50 


f 


w 298 760 . „ 

V X 253 X 07962 mm ’ ° f Hg ’ 


(0 - 7962 Gram is the weight of 1 litre of aqueous vapour at 760 mm. 
and 0°.) 

The gradual fall of vapour pressure indicates that glass wool 
can lose some of its adsorbed water until the amount of the latter 
is in agreement with the partial pressure of aqueous vapour in the 
air, aspirated over it. 

The measurement of the dissociation pressures of the salts was 
now commenced by a method similar to that used by Partington. 
No glass wool plug was used, and the absorption tubes contained 
pumice which had been boiled with sulphuric acid, and phosphoric 
oxide (Fig. 1 , he. cit.). These absorbents were renewed when a 
U-tube showed an increase in weight of 0*2 gram. 

If «,*! and tfg — grams of water vapour absorbed from the salt 
and from the water, respectively ; V — litres of dry air aspirated 
at t a ; p = the dissociation pressure of the salt at t° ; tt — the vapour 
pressure of the water at t ° ; B ~ barometric height ; and b = difference 
of the levels in the gauge fitted to the large regulating bottle, 
connected with a water-pump, then the weight of water vapour 

litres of moist air in equilibrium with the salt will be 


7 (t- 


V 

760 


273 ' 
273 -H 


1 0*7962 — Mq grams. 
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The weight of water in A litres of moist air in equili- 

brium with the water will be 

B-b \( * 273 \ A - ncrt 

B^rr^km x 2it+v 07962 - *'* grams ' 

r B \(B — b — ir\ 


V\ 

Therefore 

and 

If 

then 


n _ 


-rl* 


B — pA B~b 


tu 0 \ 


B 

' ~ ' it ' 1 it and K 
w 2 

p'KB 

' B -r p'KB * 


B-r) 

B-b-ir 

B-~b ’ 


Unfortunately, the necessity of measuring this difference of 
pressure (6 mm. of Hg) betweeu the air in the large bottle and the 
atmosphere was not realised until the experiments at 25° had been 
carried out. It has been found from the later experiments that b 
has a constant value of 30 mm. of mercury. 

Substitution of values of ( B — b) from 710 mm. to 750 mm. in the 
last expression, however, shows no difference in the calculated value 
of p from p ' at 25°. 

The use of this formula in place of the expression, p = tiyr/u^, 
used by Partington, eliminates the correction for the change of 
pressure due to the height of the water in the saturator and also 
the error pointed out bv Berkeley. 

About fifteen minutes before each experiment was finished, the 
ground-glass joints connecting the absorption U -tubes were gently 
warmed with a hot tile until all the moisture was driven into the 
U-tube. The tube was allowed to cool (about five minutes were 
required) and the air current was then discontinued. 

For measurements at higher temperatures, the end of the large 
U-tubc, containing the salt, was hermetically sealed and the tube 
was completely immersed under water. To this arm, an absorp- 
tion apparatus exactly like that used with the water- bubbler, 
was fused. 


Copper Sulphate Prntahydrate, CuS0j,5H 2 0. 

Each limb of the U-tube was packed with a column, 12—15 cm. 
long, of finely powdered copper sulphate (A.R. standard), which 
had been allowed to dry in the air for a week, and air was aspirated 
over it for six hours. As the first measurements were low, the con- 
tents of one limb of the U-tube were removed and well mixed with 
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copper sulphate which had been kept in a desiccator oyer sulphuric 
acid. This column was then replaced and the measurements were 
recommenced. At the conclusion of the experiments, it was found 
that the salt had effloresced, to a depth of 1 inch, near the air inlet, and 
this part was separated sharply from the rest, which was apparently 
unchanged. 


Temperature 25°. ».,£-= 23- 76 mm. 6=30 ram. 


»!• 

w t . 

p' mm. 

B. 

p mm. 

0-0638 

0-3523 

4-30 



0-0412 

0-2054 

4-77 



0-0420 

0-4626 

2-16* 



0-0186 

0-1147 

3-68 



0-0090 

0-0316 

6-77 



0-0198 

0-0904 

5-20 



0-0078 

0-0264 

7-02 



0-0100 

0*0306 

7-76 

774-5 

7-94 

0-0106 

00328 

7-68 

766-0 

7-86 

0-0058 

0-0180 

7-65 

762-5 

7-83 

0-0118 

00360 

7-70 

762-5 

7-88 

0-0128 

0-0394 

7-72 

761-0 

7-90 

0-0114 

0-0345 

7-85 

765-6 

8-03 

0-0108 

0-0328 

7-82 

771-4 

800 

Mean values : p' 

= ’-'3, P-2 6 

= 7-92 ± 0-03 mm. 


Temperature 30°. 

*39 1 r: 

= 31-83 mm. b 

*= 30 mm. 

0-01215 

0-03416 

11-33 

762-5 

11-68 

0-01258 

0-03487 

11-43 

758-4 

11-78 

001179 

0-03259 

11-45 

755-4 

11-80 

0-01032 

0-02918 

11-26 

758-0 

11-52 

0-01024 

0-02833 

11-51 

775-0 

11-85 

0-01309 

0-03025 

11-48 

776-5 

11-82 

Mean values : p 

- 11-41, p*. 

= 11-74 i 0-05 mm. 


Tempera! 

ure 35-. 

*36 : 

= 42- 1 9 inrn. b 

= 30 mm. 

001495 

0-03849 

16-39 

765-5 

17-00 

0-01291 

0-03283 

16-59 

760-7 

17-21 

0-01213 

0-03159 

16-20 

760-8 

16-81 

001054 

0-02714 

16-39 

761-3 

17-00 

0-01045 

0-02670 

16-51 

758-0 

17-13 

0-01016 

0-02604 

16-45 

768-5 

17-06 

0-01051 

0-02752 

16-12 

758-1 

16*73 

0-014C2 

0-03735 

16-51 

768-3 

17-13 

Mean values : p’ 

— 16*39, 

— 17 01 -± 0-06 mm. 


After mixing with copper sulphate w 

Jiich had been kept for five dayi 


in a desiccator. 


Except those at 25°, the low results obtained during the initial 
induction period have been omitted. 


Sodivm Arsenate Dodecahjdrak, Xa 2 HAs0 4 ,12H 2 0. 

The U-tube was packed with freshly recrystallised, air-dried 
sodium arsenate, and air was aspirated over the salt for six hours 
before measurements w r ere taken. The values during the induction 
period are omitted. 
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Temperature 25 s . 


23*76 mm. 

6 = 30 mm. 

w v 

w t . 

p' mm. 

B. 

p mm. 

0*01008 

0*02183 

10*96 

761*7 

11-18 

0*01844 

0*04050 

10*81 

762*6 

11-03 

0-01131 

0*02472 

10*86 

766*1 

11-08 

0*01626 

0*03542 

10*91 

753*7 

11*11 

0*01075 

0*02345 

10*89 

757-7 

11*19 

0*01211 

0*02656 

10*83 

759*1 

11*04 

Mean values : p' = 

10*88, p ti = 

= 11*10 ± 0*03 ; 

mm. 

Temperature 30°. 

?4' “ 

31*83 mm. 

b — 30 mm. 

0*02435 

0*05200 

14*88 

761*4 

15*24 

0*01876 

0*03974 

15*03 

758*4 

15*40 

0*01773 

0*03773 

14*87 

755*4 

15*24 

0-01870 

0-03984 

14*95 

758*0 

15*32 

0*02563 

0*05536 

14*74 

775*0 

15*11 

0*01600 

0*03436 

14*82 

77G-5 

15*19 

Mean values : p' — 

14*88, p M - 

^ 15-25 ± 0*01 

mm. 

Temperature 35 s , 

lr .*:*' — 

42*19 mm. 

6—30 min. 

0*01138 

0*02390 

20*09 

760*7 

20*73 

0*02131 

0*04470 

20*10 

761-3 

20*74 

0*01005 

002126 

19*95 

754*0 

20*59 

0*01206 

0*02526 

20*14 

758*0 

20*79 

0*01196 

0*02516 

20*05 

7G08 

20*69 

0*01032 

0*02161 

20-15 

768-3 

20*80 

0*01002 

0*02091 

20*22 

708*5 

20*80 

Mean values : p' = 

20*10, p s , = 

= 20*74 = 0*03 

mm. 


Results . 

CuS0 4 .5H,0 — > 

CuS 0 4 ,3H,0 Method. 23'. 30°. 35 c . 

Frowein Tensimeter 7 34 mm. lU-10 mm. 15*60 mm. 

Partington Transpiration 7*75 „ 

(at 25 01 s ) 

Menzies Tensimeter 7*74 

„ Transpiration 7*80 „ 

Wilson Static 7*80 „ 

This research Transpiration 7*92 „ 11*74 ,, 17*01 „ 


Partington’s value has been recalculated, using r 25 . 01 = 23*7? mm. 
in place of 23*56 mm. and is comparable with the value p' 26 — 7*73 
(see page 168). 

Na,HAsO 4 ,12H t 0— >X» 2 HA.>0 1 .7tLO. 25. 30\ 35 s . 

Lescoeur (Ann. Chi in. Ciujt j., IsUO. 2L 


511) 9*8 nun. 15 0 mm. 

This rosea rch 11*10 ,, 15*25,, 20*74 mm. 


The limits of error in the results obtained by various investigators 
are tabulated below. 

Partington 01 rum. 

Baxter and Lansing 0*02 inm. , 

Wilson 0*01— 0-1 nun. 

Noyes and Westbrook 01 — 2-0 mm. 

This research 0 03—0 06 min. 


G* 



170 


MCK.1BBEN AND MCCLELLAND : 


By means of the van’t Hoff reaction isoohore the heats of hydr- 
ation of the following reactions have been calculated. 

CuS0 4 ,5H t 0 ^ CuS0 4 ,3H a 0 + 2H s O(liquid) - 3 460 cals. 

Na 2 HA*0 4 ,12Hj0 =s=s Na 2 HAs0 4 ,7H a 0 + 5H 2 0(hquid) 930 

For copper sulphate, Frowein obtained the value 3,340 cals, and 
Thomsen 3,410 cals, by direct calorimetric measurement. ^ 

It seems probable that the glass wool used in Partington s expen- 
merits became saturated with moisture before the in uction P^io 
when low pressures are obtained, was completed, an y en 
further retention of water vapour by the glass wool had ceased. 
Consequently the presence of glass wool would not vitiate Parting- 
ton’s results, but it is suggested that the larger limits of error m 
his experiments may be due to slightly irregular evaporation and 
condensation of moisture on the glass wool. 


Summary. 

The dissociation pressures of some hydrated salts have been 
measured at several temperatures by a dynamical method without 
the use of glass wool plugs. 

The following values have been obtained. 


Temp 23"% 

CuS0 4 ,5H,0 — ^CuS0 lr 3if a O... 1-02 mm. 
Na„HAs0 4 , 1 2H.0 

Na 4 HAs0 4 ,7H 2 0 1M0 „ 


;io°. 

11*74 mm. 

15-23 „ 


35°. 

17-01 mm. of Hg. 
20*74 „ 


The heats of hydration calculated from these results are 3,460 
and 930 gram-cals., respectively. 


In conclusion, we desire to thank the Chemical Society for a 
grant which has defrayed the expenses incuned in connexion with 
this work. 

The Chemical Department, 

East London College, 

L'nTver.sitv or London. [iiecavfd, December 8th, 1922.] 


XXL— Production and Reactions of 2-Ditkiobenzoyl 

By Mary McKjbben and Ernest Wilson McClelland. 

Dithiobenzoyl has previously, been prepared (T., 1922, 121, 86) 
by the action of hydrQgen sulphide on 2-thiolbenzoic acid in presence 
of concentrated sulphuric acid. The formation of this compound 
finds a ready explanation on the hypothesis advanced by Smiles 
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(T., 1911, 99, 640) that the aromatic disulphides and mereaptans 
react in sulphuric acid in accordance with the equation 

- R-S‘S*R+H s O ^ R-S-OH+R-SH. 


The addition of hydrogen sulphide to such an equilibrium mix- 
ture in all probability gives rise, in the case of 2-thiolbenzoic acid, 
to a compound of the type I, which by intramolecular condensation 
yields 2-dithiobenzoyl (II). 


c«h 4 <: 


S-$H 


(I.) 


C « H 4<CO> S 

(II.) 


p it ^s*s*ch 2 -co 2 h 
c « h * < co 2 h 2 

(III.) 


It has also been shown that thiogly collie acid may be substi- 
tuted for hydrogen sulphide; in this case the formation of the 
intermediate compound III, which was isolated, suggests that 
2-thiolbenzoic acid reacts with aliphatic substances containing the 
thiol group in accordance with the scheme 


c « h *^co 2 h + R ' SH 


c H <-S-S-R 
L « l1 ‘ v CO,H 


^h 4 <co>s. 


The possibility of synthesising 2-dithiobenzoyl by the inter- 
action of 2-thiolbenzoic acid with aliphatic mereaptans has now 
been investigated. The particular substances examined were 
ethyl mercaptan and thiolacetic acid, both of which have been 
found to react with 2-thiolbenzoic acid in presence of sulphuric 
acid to give 2-dithiobenzoyl. In the case of ethyl mercaptan it 
was found necessary to use a higher temperature than that usually 
required, which may be accounted for by the relative stability of 
the thiol group in ethyl mercaptan. 

From these results and those previously obtained, it is evident 
that the formation of 2-dithiobenzoyl by the interaction of aliphatic 
mereaptans and 2-thiolbenzoie acid in presence of sulphuric acid is 
of a general nature. 

In a previous communication (Joe. cit.) it has been shown that 
2-dithiobenzoyl reacts with aniline, yielding the dianilide of dithio- 
benzoic acid (IV), the reaction being accompanied by evolution of 
hydrogen sulphide. Sodium ethoxide has also been shown to 
react in an analogous manner, yielding dithiobenzoic acid by rupture 
of the dithio-ring and removal of sulphur. 

(iv.) C,H 1 < ( ? 0 >NH (V.) 

The instability of the dithio-ring in presence of basic substances 
is thug apparent. The action of several ha,sos on 2-dithiobenzoyl 
has been examined in order to determine how far the basic nature 

G* 2 
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k' - 

of a compound influences the rupture of the dithio-system. Di- 
methylaniline, pyridine, and quinoline have yielded negative 
results, from which it would appear that basic character alone is 
not sufficient to effect removal of sulphur. The fact that hydrogen 
sulphide is continuously evolved in the reaction with aniline sug- 
gests that the sulphur of the dithio-ring is removed as hydrogen 
sulphide, a change which is not likely to occur in the cases cited 
above owing to the absence of replaceable hydrogen. 

With ammonia, such a removal of sulphur should be possible. 
On treating an alcoholic solution of 2-dithiobenzoyl with dry 
ammonia, a compound was isolated which from its properties ap- 
pears to have the structure represented by V. The formation of 
such a substance, the imidc of 2-thioibcnzoic acid, can readily be 
explained on the above assumption, the hydrogen sulphide evolved 
being converted to ammonium sulphide thus : 

C « H «<CO> S + 3NH » = C « H « <co >NI1 + 

On oxidation with potassium permanganate, 2-thiobenzimide 
yields “ saccharin.” 


Experimental. 

2-Dithiobcnzoyl (Formula II). 

(a) From Thiolbenzoie Acid and Ethyl Mercaptan.— A solution 
of 1 gram of ethyl mercaptan in 5 c.c. of concentrated sulphuric acid 
was mixed with a solution of 1 gram of 2-thiolbenzoic acid in 10 c.c. 
of concentrated sulphuric acid. After keeping for a short time, 
the mixture was heated at 50° for two and a half hours with fre- 
quent shaking. The solution was then poured on to crushed ice, 
and the 2-dithiobenzoyl removed by volatilisation in a current of 
steanl ancl purified by crystallisation from alcohol. The substance 
was found to be identical with 2-dithiobenzoyl from other sources. 

(b) From 2-Thiolbenzoic Acid and Thiolacf.tic Acid.— To a solution 
of 5 grams of 2- thiolbenzoie acid in 50 c.c. of concentrated sulphuric 
acid, 5 grams of thiolacctic acid were gradually added, and the mix- 
ture was heated at 50° for two hours. The solid precipitated on 
pouring the mixture into iee-w ater was removed in a current of steam 
and crystallised from alcohol. The resulting compound was found to 
be 2-dithiobenzoyl by comparison with material prepared by other 
methods. 

Reaction of Ammonia with 2J)ithioUnzoyl. 

Dry ammonia was passed into an alcoholic solution of 2-dithio- 
benzoyl for two hours, the alcoholic solution was then partly 
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evaporated, and the dissolved material precipitated by addition 
of water. The crude substance thus obtained was gently heated 
with a small quantity of 50 per cent, sodium hydroxide, any undis- 
solved material being filtered off. On cooling, the sodium salt of 
2-thiobenzimide crystallised in fine, transparent needles, which 
were collected and washed with sodium hydroxide solution. The 
sodium salt was then dissolved in water, and the imide precipitated 
by the addition of hydrochloric acid. 2-Thiobenzimide (formula V) 
crystallises from aqueous alcohol in long, white, needle-shaped 
crystals; it melts at 158°, dissolves in hot water, and is readily 
soluble in most organic media. With alcoholic ferric chloride, it 
gives a purple coloration ; on addition of water, the solution deposits 
a blue powder and the original imide (Found : C = 55*9 ; H = 3*5 ; 
S = 21T ; N = 9'3. C 7 H 6 OXS requires C = 53*6; H = 3*3; 
S *= 21*2; N — 9 3 per cent.). 

Oxidation of 2-Tlriobenzrmide. 

2-Thiobenzimide was heated with an excess of aqueous potassium 
permanganate for several hours. Alcohol was then added, and the 
precipitated manganese dioxide filtered off and well washed with 
hot water. The filtrate and washings after concentration were 
acidified with hydrochloric acid, which precipitated a white, 
crystalline solid. This substance melts with decomposition at 
about 227°, possesses an intensely sweet taste, and answers to 
tests for o-benzoic sulphinide (" saccharin ”). 

The Sir Donald Cur we Laboratories, 

Queen's University, Belfast. (iJecciW, November 30 th, 1922.] 


XXII . — The Investigation of meso -Thioanthracene 
Derivatives . Part I. Observations on the Pro - 

duction of Dithioanthraquinone , Dithiodianf krone, 
and other Closely Related Derivatives . 

By Isidor Morris Heilbron and John Stanley Heaton. 

It is somewhat remarkable that, although 1- and 2-thiolantbra- 
quinones and various anthraquinono sulphides have been prepared 
(compare Gattermann, AnnaJen, 11(13, 393, 113; Schaarsehmidt, 
ibid., 1915, 409, 59), as also thinlanthraceni; (Heftcr, Ser 1895, 
28, 2258), only very few meso- thioanthracene derivatives have 
hitherto been described. By the action of sulphur chloride on 
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anthracene dissolved in light petroleum, Lippmann and Pollok * 
(Per., 1901, 34, 2768) obtained a compound melting at 212° to 
which they ascribe the constitution shown in formula I. Bistrzycki 
and Brenken {Helv. Chim. Ada , 1922, 5, 20) also have recently 

ci-s:s s-c 6 h 5 

(I.) C 6 H 4 <V>C 6 H 4 C 9 H 4 <^>C e H 4 (II.) 

k .ic 6 H 5 

prepared 9-phenyl-9 : lO-dihydro-weso-thioanthracene, in which the 
sulphur is apparently present as a bridge atom, by the action of 
concentrated sulphuric acid on 2:4: 4-triphenyl-l : 3-oxthiophan- 
5-one. 

The present investigation was undertaken with the object of 
examining the methods of formation of meso-thioanthracene 
derivatives, and gives the results of certain experiments which 
have resulted in establishing the existence of a series of thio- 
derivatives, some of which are quite analogous to the known 
oxygen compounds. 

As both 1- and 2-tliiolanthraquinones have been obtained by 
heating the corresponding ch loro-derivatives with sodium sulphide, 
we attempted, in the first instance, to prepare 7M$o-dithiolanthracene 
by a similar method, starting from either 9 : 10-dicldoro- or -di- 
bromo- anthracene. Although many experiments were carried 
out, employing both anhydrous sodium sulphide, as also sodium 
hydrosulphide, in no case was more than the merest trace of any 
sulphur-containing compound obtained. That, however, the 
halogen atoms in the 9 : 10-position can be replaced by sulphur 
w T as exemplified by the preparation of dithioanthraquinyi diphenyl 
ether (II) by the interaction of phenyl mercaptan and 9 : 10-di- 
bromeanth race ne in benzene solution in presence of piperidine 
under pressure at a temperature of 200°. 

As a result of this experiment, it seemed likely that the mercaptan 
group might be introduced into the anthracene molecule by having 
the reactants in solution, and the next method adopted by us was 
one similar to that employed by Vorliinder and Mittag ( Ber. f 1913, 

* Sine© this communication was submitted, a paper by Friedliinder 
and Simon has appeared ( Ber ,, 1922, 55, [15], 3969) in winch these authors 
find that, by the direct action of sulphur chloride on anthracene, anthranyl- 
9-dithiochloride, C J4 H 8 S SC1, is obtained in 90 per cent, yield. TJiia 
compound, which melts at 117 — 118% on treatment, with sodium sulphide 
yields the sodium salt of 9-anthranyl mercaptan (thioanthranol), from which 
the free mercaptan is ‘obtained as an orange-yellow precipitate on acidi- 
fication with diluto acetic acid, The mercaptan is very readily oxidised, 
yielding dianthranyl disulphide. 
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46, 3453), who obtained the highly labile triphenylearbinyl 
mercaptan by saturating a solution of sodium ethoxide in ethyl 
alcohol with hydrogen sulphide and heating the resulting solution 
of sodium hydrosulphide with w-chlorotriphenylmethanc. We 
hoped in this way, starting from 9 : 10-dichloroanthracene, to be 
able to obtain the free 9 : 10-dithiolanthracene (HI) which, on 
oxidation, would yield dithioanthraquinone (IV) by a reaction 
similar to the ready oxidation of anthraqumol (V) to anthraquinone 
(VI). Working under the conditions specified by Vorlander and 
Mittag, no reaction whatsoever could be induced, but, after heating 
under pressure at a temperature of 120°, sodium haloid was formed, 
indicating that interaction had been brought about. A mass of 
mixed crystals was also found to have been deposited on the sides 
of the autoclave, which were separated by fractional crystallisation 
from benzene, yielding unchanged dichloroanthraccne and anthra- 
quinone. 

On working up the alcoholic solution, there was obtained, as 
explained in detail in the experimental part, a pale yellow powder 
which, just after precipitation, is completely soluble in hot aqueous 
sodium hydroxide, and proved to consist, mainly of a mixture of 
anthranol and anthrone (compare K. Meyer, Annakn, 1910, 379, 37). 
If, however, the crude product is first dried, it is no longer wholly 
soluble in aqueous alkali and, in addition to anthranol and anthrone, 
dianthrone is now present. The last compound must consequently 
have appeared subsequently to the reaction in the autoclave and 
is doubtless formed by oxidation of the anthranol by atmospheric 
oxygen, similarly to the production of 3 : 3'-dihy<lroxydianthrone 
from 2-hydroxyanthranol (A. C. Perkin, T., 1922, 121, 289). This 
explanation meets with additional support from the work of K. 
Meyer ( loc . cit.), who lias shown that, in the case of anthrone, 
oxidation is subsequent to enolisation to anthranol, although the 
product is always the ketonic dianthrone. 1 n attempting to account 
: or the formation of these substances, we consider that the first 
-eaction which takes place is the formation of w*>-dithiolanthra- 
;ene, and in support of this assumption is the fact that, in addition 
X) the anthrone derivatives, a small quantity of a sulphur-con- 
aining substance has invariably been isolated. This substance, 
vhich melts unsharply at 207 D , has also been obtained directly 
rom dithioanthraquinone (p. 183), and it may thus be reasonably 
oncluded that its presence in this reaction undoubtedly points 
o the primary formation of the mercaptan. It is riirther assumed 
hat, in presence of the large excess of cthyji alcohol, or possibly 
wing to traces of water present, the labile dimercaptan is con- 
erted into anthraquinot, such action being favoured by the high 
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pressure and elevated temperature. At this stage, the reducing 
properties of the sodium hydrosulphide come into play and 
authranol (VII) is formed, which tautomerises in solution to 
anthrone (VIII) until equilibrium is reached. At this point there 
are present . anthraquinol, anthranol, and anthrone. When the 
autoclave is opened, the anthraquinol oxidises to anthraquinone, 
and the anthranol partly changes to dian throne (IX). 


/ (III.) (IV.) 


c . h .<K > c < h ‘ c a<s> c .b. 

(V-) \\ (VI.) 


s yoj 


'A 


ca<^c.h,«c.h4<»W > c.h,S C,U,< ?“ :>C,H ‘ 


ch 2 

(VIII.) 


CH- 
(VII.) 


-CHv 

'•CO' 

(IX.) 


C 6 H 4 <^>C ft H 4 


From the results obtained in this experiment, it is evident, not 
only that interaction between 9 : 10-dicbloroanthracene and 
sodium hydrosulphide can be induced, but also that, in all 
probability, 9 : 10-dithiolanthracene is the primary product formed. 
It appeared probable, moreover, that if the use of ethyl alcohol 
was avoided, the secondary formation of oxygen compounds might 
be altogether excluded, and \vc accordingly decided to employ 
amyl alcohol in its place, and also to avoid the use of the autoclave, 
with the idea of thus minimising the risk of bringing about 
coalescence of the anthracene molecules. The exact quantity of 
sodiuril was accordingly dissolved in amyl alcohol, and the solution 
saturated with dry hydrogen sulphide. 9 : 10-Dibromoanthraccnc * 
was then added and the stream of gas continued first in the cold 
and then in the heat, until no dibromoantliracene separated out 
on cooling, the constant stream of hydrogen sulphide being main, 
tained throughout. In every experiment carried out under these 
conditions, a bright yellow substance is gradually thrown out of 
solution, which, after crystallisation from nitrobenzene, gives 
an analysis in agreement with that required for dithioheptacyclent 
(X). This has apparently resulted from a fusion of two anthracene 
molecules with loss of hydrogen bromide, as indicated below, a 

* Experience has shown that this reacts better than the analogous dichloro. 
derivative. 
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raaction analogous to the production by Licbcrmann and Linden* 
baura ( Ber.y 1905, 38, 1799) of tetraphenylheptacyclene (XII) 
from 10-bromo-9 : 9-diphenyldihydroanthracene (XI). 


Br 




x/\/\/ 

SH 


Ph, 

II 


(XI.) 


\/\A/ 

H Br 



On directing our attention to the working up of the cold amyl 
alcohol solution, we have found that, despite every precaution 
to maintain apparently identical conditions in each expcryncnt, 
the products obtained vary very considerably in composition. 
Although at first sight this may appear strange, a little consideration 
will show that, providing 9 : 10-dithiolanthracene is the initial 
reaction product, then, as illustrated in Table I, this substance 
can undoubtedly react further to produce more complex condens- 
ation products in which the determining factor for any one special 
reaction would, in all probability, depend on very minute alterations 
in the conditions, exceedingly difficult, if not altogether beyond 
ordinary methods of control. That this is so is shown in the follow- 
ing, where a few typical examples out of a great number of experi- 
ments actually carried out, are recorded. In pur first experiment, 
the cold amyl alcohol solution, on standing, deposited a few grams 
of a substance which, on recrystullisation from benzene, was 
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Diunthranol is obtained by reduction of anthraquinone {Meyer, Ber., 1909, 42, 143), 
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obtained in reddish-brown crystals melting at 176°. This compound, 
which is exceedingly labile and soon decomposes on standing in 
air, appears from analysis to be dithioanthraquinone. Unfortu- 
nately, we have failed up to the present to obtain this substance 
again, and consequently, apart from the fact of having ascertained 
that it readily yields anthraquinone on treatment with dilute 
nitric acid, we have been unable to examine its properties in closer 
detail. After leaving it to stand for a fortnight in air, on then 
recrystallising the residue from acetone, a substance melting at 
about 207° was obtained, which produced no depression in melting 
point when mixed with the sulphur compound obtained in the 
ethyl alcohol experiment. Analysis of this substance gave no 
definite indication as to its structure, and the quantities at our 
disposal were too small for further investigation. 

On repeating the previous experiment, the filtered amyl alcohol 
solution, after removal of dithioheptacyclene, deposited a mixture 
of red and yellow crystals, which were separated by fractional 
crystallisation from benzene, in which the red crystals were more 
readily soluble. The main fraction consisted of bright yellow 7 
crystals, melting at 194°, and has the composition of bisthioantkrone 
disulphide (XIII). 

On concentration of the amyl alcohol mother-liquors, a dark 
red, crystalline compound was obtained which, after recrystal- 
lisation from benzene, melted at 202", and was identical with the 
red crystals separated from (XIII). That this substance is ditkio- 
dianthrone (XIV) is conclusively proved by the fact that, on 
treating it with yellow mercuric oxide, dianthrone results. In 
the experiment in which the dithioanthraquinone was obtained, 
the filtered amyl alcohol solution remained bright red throughout, 
but in the majority of our experiments wherein bisthioanthrone 
disulphide was isolated in quantity, although the solution was bright 
red when hot, the cold solution invariably changed to yellow. 
We have found, however, that even these colour changes do not 
necessarily occur, and in one particular experiment the solution 
merely became darker as the reaction proceeded, and deposited 
a smaller quantity than usual of (X). In this case, the clear amyl 
alcohol solution on cooling deposited a light brown powder, which 
was separated by benzene into a small quantity of unchanged 
dibromoauthracene together with a substance of composition 
C 28 H 18 S 3 , probably bisthioanthrone sulphide (XV). 

It seems likely, in view of the fact that in this experiment some 
9 : 10-dibromoanthracene was recovered, that .the different course 
of the reaction was due to the fact that an insufficiency of sodium 
had inadvertently been employed, and it is our intention to pursue 
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these investigations further, with very careful control of the sodium 
content. 

Finally, it remains to be recorded that in one other experiment, 
where the reaction had yielded both substances (X) and (XIII), 
we found, on concentration of the mother-liquors, that, in place 
of the anticipated dithiodianthrone, a substance was obtained 
which, after recrystallisation from xylene, separated in small, 
faintly red prisms melting at 174 — 176°. This substance, however, 
is entirely different from dithioanthraquinone and the results of 
its analysis agree well with the composition of dianthranyl sulphide 
(XVI). In agreement with such a structure, we have isolated 
anthracene (in the form of its pi crate) as one of the products 
after reduction of the compound with zinc and acetic acid. 

Experimental. 

meso- Dithioanthraquinyl Diphenyl Ether (Formula II). — Twenty 
grams of 9 : 10*dibronioanthracene were dissolved in 1 litre of 
benzene and mixed with 25 grams of phenyl mercaptan together 
with 40 grams of piperidine. After heating for six hours at 180° 
under pressure, the reaction mixture was filtered from piperidine 
hydrobromide, the solvent distilled off, and the crude product 
purified by recry stallisation from chloroform. Dithioanthraquinyl 
diphenyl ether forms bright yellow needles melting at 212°. It 
is exceedingly stable and is not hydrolysed on heating either with 
alkali or with concentrated hydrochloric acid. On warming with 
fuming nitric acid, it breaks down, yielding anthraquinone (Found : 
C s= 78’8; H = 4‘9. C 26 H 18 S 2 requires C — 79*2; II = 4’6 per 
cent.). 

Treatment of 9 ; 10 - D icHoroa nth race n e with Sodium Hydrosulphide 
in Ethyl Alcohol Solution. — Forty grams of sodium were dissolved 
in 809 c - c - absolute alcohol and the solution completely saturated 
with dry hydrogen sulphide. Ninety grams of finely powdered 
9 : 1 0 - dich lo roa n t h ra cene were then added and the stream of 
hydrogen sulphide continued for a further half-hour, after which 
the reaction mixture was transferred to an autoclave and heated 
for two hours at 120 s . On opening the autoclave after cooling, 
a mass of crystals was found deposited on the sides of the vessel. 
These were filtered off, and thoroughly washed with hot water to 
remove sodium salts. On recrvst alligation of the dried product 
from benzene, 40 grams of unchanged dichloroanthracene were 
recovered, whilst from the mother-liquors there were obtained a 
few grams of a sulphur-free substance which melted at 280° and was 
identified by the oxanthranol test as anthraquinone. 

The clear alcoholic solution, on standing, deposited a small 
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quantity of a crystalline sodium, salt which was readily hydrolysed 
by boiling water, yielding a fine yellow powder, a further quantity 
of which was obtained on dilution of the alcoholic mother-liquors 
{total solids ~ 30 per cent, of halogen compound employed). 
A portion of the freshly precipitated substance, while, still in the 
moist state, was immediately recrystallised from glacial acetic 
acid, when pale yellow needles melting at 120° (rapid heating) 
were obtained. The fresh crystals were completely soluble in cold 
dilute alkali, but when left to dry on a porous plate, were partly 
changed to an alkali- insoluble compound, showing an indefinite 
melting point. The alkali-soluble compound was found to be free 
from sulphur and corresponded in all respects with anthranol 
(K. Meyer, loc. tit.). 

The remainder of the crude product was allowed to dry and 
taken up in hot methyl alcohol, in which the bulk was readily 
soluble, a small, insoluble residue being retained. By the successive 
addition of small quantities of water to this solution, three fractions 
were obtained : 

{a) A brown solid which melted at 170 — 185° and was not com- 
pletely soluble in dilute alkali, even on boiling. 

(6) A similar substance melting at 165°, somewhat more soluble 
in alkali than fraction (a). 

(c) A substance melting between 130 — 160° which was completely 
soluble in hot aqueous alkali. 

Fraction (a). — The alkali-soluble portion of this fraction was 
removed by repeated extraction with hot dilute sodium hydroxide 
solution. The insoluble portion was then recrystallised from 
absolute alcohol, when pale yellow crystals, melting with charring 
at 240°, were obtained. These were soluble in hot alcoholic potash 
and identified as dianthrone by the melting point of its mixture 
with dianthrone, prepared according to the method of K. Meyer (loc. 
cif.). That no anthraquinone was present was shown by th*e fact 
that no colour reaction was given on reduction with zinc dust 
and sodium hydroxide solution. 

Fraction (c). — By careful fractional crystallisation of this fraction 
from absolute alcohol, a substance melting between 165° and 
168° was obtained, which was free from sulphur and completely 
soluble in boiling aqueous sodium hydroxide. That it was actually 
anthrone was proved by treatment with bromine in carbon 
disulphide solution, when yellow crystals of bromoanthrone, 
melting at 148°, were obtained. 

The residue, insoluble in methyl alcohol, yielded on recrystal- 
lisation from chloroform a minute quantity of a yellow, crystalline 
substance melting at about 207°. This substance contained 
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sulphur, but the quantity at our disposal was too small to permit 
of any further examination being made. 

Treatment of 9 : 10 -Dibromoanthracene with Sodium Hydrosulphide 
in Amyl Alcohol Solution. — 5*5 Grams of sodium were dissolved in 
H litres of pure amyl alcohol, contained in a round-bottom flask 
fitted with a reflux condenser and calcium chloride drying tube. 
The sodium amyloxide solution was then saturated with dry 
hydrogen sulphide, which was led in through an inverted thistle 
funnel, 40 grains of 9 : 10-dibromoanthracene were added, and the 
stream of gas was maintained for a further half-hour in the cold, 
after which the solution was boiled under reflux until no dibroino- 
anthracene separated on cooling. The reaction was complete 
after about twelve hours’ heating, during the whole of which 
period hydrogen sulphide was passed into the solution. The 
course of the reaction can generally be followed owing to the fact 
that the colour of the solution changes from yellow to bright red 
towards the end of the reaction. 

Dithioheptacyclene (Formula X). — This substance, which was 
gradually thrown out of solution as the reaction proceeded, was 
collected and purified by boiling first with water and then with 
glacial acetic acid to remove the last traces of sodium salts. The 
dried compound was next boiled with benzene, in which it is 
insoluble but which removes small quantities of soluble organic 
compounds. After crystallisation from nitrobenzene, it was 
obtained in small, yellow crystals, melting at 320° and insoluble 
in the usual organic solvents (yield of pure substance : 4 grams) 
(Found : C = 80*8; H — 3*9; S =* 15*2. requires 

G — 80*8; H — 3*8 ; S — 15*4 per cent.). 

D i thioanthraqui none. — In the first experiment carried out, it 
was found that, on standing, the cold amyl alcohol solution deposited 
red crystals, which were filtered off and dried. After repeated 
fractional crystallisation from benzene, a separation of the crude 
substance into two portions was effected : (a) a small quantity 
of a brick-red substance melting between 190 — 198°, (6) 5 grams of 
a red, crystalline substance melting at 170- — 174°. The latter 
fraction was again recrystallised from benzene, when small, ruby-red 
crystals separated out, melting sharply at 176° (Found : S — 26*2. 
C m H 8 S 2 requires S = 26*6 per cent.). This substance, which we 
consider to be pure dithioanlhraquinone } is readily soluble in benzene 
or chloroform, but only slightly soluble in alcohol, acetone, or 
ethyl acetate. On oxidation with dilute nitric acid, it passes 
into anthraquinone, thus proving that the sulphur atoms are 
attached to the yftew-carbon atoms of the anthracene molecule. 
On standing in air, dithioanthraquinonc rapidly decomposes, 
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sulphur dioxide being evolved during the process. After leaving 
it to stand for a fortnight, a substance is obtained which gives 
no depression in melting point with the product isolated as fraction 

(а) . The two fractions were consequently mixed and on recrystal- 
lisation from acetone yielded a compound melting upsharply at 
about 207°, which further proved to be identical with the sulphur 
compound previously obtained in the experiment using ethyl 
alcohol as solvent. An analysis of this failed to indicate any 
definite structure. 

Owing to the fact that dithioanthraquinone gradually breaks 
down in air, we were unable to carry out a carbon and hydrogen 
estimation, and in order to do this and verify beyond doubt the 
correctness of the structure assigned, as also to examine this 
interesting compound in greater detail, a fresh preparation was 
started. Although apparently working under absolutely similar 
conditions in this and subsequent experiments, we have as yet 
failed again to isolate dithioanthraquinone except in very minute 
quantities. 

B isi h ioant k ronz Disulphide (Formula XHI). — In the majority of 
our experiments, after removal of the dithioheptacyclene, the 
amyl alcohol solution deposited a mixture of red and yellow crystals. 
The mixed crystals were filtered off, and a separation effected 
by fractional crystallisation from benzene, when the following 
fractions were obtained : (a) yellow crystals melting at 192—194°, 

(б) an impure specimen of the same compound melting at 184 — 188°, 
(c) a very small quantity of a dark red solid (dithiodianthrone). 
After a final recrystallisation from chloroform, bisthioanthrone 
disulphide crystallised in very characteristic, bright golden-yellow 
needles (m. p. 194°) which are moderately soluble in benzene or 
chloroform but almost insoluble in alcohol or acetone. It is 
insoluble in aqueous alkali, but dissolves in alcoholic potash, and 
doubtless exists here as the potassium salt of the tautomeric dithio* 
dianthranol derivative (Found : C = 69 5; H = 4 0; S = 26' 1. 
CggH^Sj requires C — 69*7 ; H — 3*7 ; S = 26' 6 per cent.). 

Dithiodianthrone (Formula XIV). — This substance is obtained 
on concentration of the amyl alcohol mot herd iquors from which 
the bisthioanthrone disulphide has been removed. Dithiodianthrone 
crystallises from benzene in dark red prisms melting at 202° , 
readily soluble in chloroform or benzene, sparingly soluble in 
alcohol or ethyl acetate. Like bisthioanthrone disulphide, it is 
insoluble in aqueous alkali, but dissolves in alcoholic potash on 
warming. On oxidation with concentrated nitric acid, anthra- 
quinone is obtained, whilst on heating in benzene solution with 
yellow mercuric oxide the sulphur atoms are replaced by oxygen 
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with formation of dianthrone (Found : C = 80‘3 ; H = 4*6 ; 
S — 15*0. C 2 gH 18 S 2 requires C = 80‘4; H — 4*3; S — 15*3 
per cent.). 

Dianthranyl Sulphide (Formula XVI). — As shown in Table I, 
assuming the reduction of dithiolanthracene to thioanthranol 
to take place in the autoclave, the latter compound could obviously 
react further to yield either dianthranyl sulphide or dithiodianthrone, 
It is probable that in all experiments both compounds are actually 
formed in varying amounts, and the fact that their joint isolation 
has not been accomplished may be attributed to the experimental 
difficulties involved in separating neutral substances of very similar 
solubility. In several experiments, indeed, we altogether failed 
to obtain any definite compound from the cold amyl alcohol 
solution, brown mixtures being produced, which could not be 
separated by fractional crystallisation. 

In one case, however, after removal of bisthioanthrone disulphide, 
on concentration of the amyl alcohol mother-liquors, in place of 
dithiodianthrone separating out, dianthranyl sulphide was obtained. 
This substance crystallises from xylene in bright red crystals 
melting at 174 — 176° (Found: C — 86*8; H — 4*9; S = 8*1. 
CjjgHigS requires C = 87*1 ; H = 4*7 ; S = 8*3 per cent.). 

That the constitution assigned is correct has been established 
in the following manner. One gram of dianthranyl sulphide was 
dissolved in boiling glacial acetic acid and, after the addition of 
excess of zinc dust, the whole heated under reliux for four hours. 
Hydrogen sulphide was evolved during the course of the reduction. 
After filtering off from excess of zinc, the reduction products were 
precipitated by water, and the residue taken up in dilute alkali, 
in which it was partly soluble. The insoluble portion was dissolved 
in alcohol and added to an alcoholic solution of picric acid, when 
the characteristic ruby -red anthracene picrate slowly crystallised 
out. ‘ CogH^S + H 2 - C 14 H 10 + C 14 H 9 -SH. 

Bisthioanthrone Sulphide (Formula XV). — Mention has already 
been made of the fact that, although in general the amyl alcohol 
solution changes from yellow to red as the reaction proceeds, we 
have found in certain experiments that the solution merely becomes 
darker and, in these eases, a smaller quantity of (X) is formed. 
In one of these experiments, the clear amyl alcohol solution, on 
cooling, deposited a light brown solid, which was separated by 
crystallisation from benzene into : (a) transparent, brown prisms 
melting at 218°, which, despite their abnormal appearance, proved 
to be unchanged 9 : 10-dibromoanthraeeiie, (6) light brown crystals 

rw olH— + 12D LXi i ■ »■■ • - -j 

crystallisation from benzene into : (a) transparent, brown prisms 
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yellowish-brown crystals (m. p. 185°), moderately soluble in benzene 
or chloroform, sparingly soluble in alcohol, acetone, or ethyl 
acetate (Found: C = 746 ; H = 4*3; S = 21*4. 
requires C = 74*7 ; H = 4 0; S = 21*3 per cent.). 

We desire to express our thanks to the Council of the Scientific 
and Industrial Research Department for a grant which has enabled 
this research to be carried out. 

Department of Organic Chemistry, 

The University, Liverpool. [ Received , November 29 th, 1922.] 


XXIII. — Photocatalysis . Pari II L The Photosynthesis 
of Naturally Occurring Nitrogen Compounds from 
Carbon Dioxide and Ammonia. 

By Edward Charles Cykil Baly, Isidok Morris IIeilbrox, and 
Harold Jacob Stern. 

In the previous communication (Baly, Hoilbron, and Hudson, T., 
1922, 121, 1078), a brief account was given of the investigation of 
the products formed by the action of ultra-violet light on solutions 
of potassium nitrate saturated with carbon dioxide, it was shown 
that the nitrate and carbonic acid, respectively, are converted into 
nitrite and formaldehyde, which at once react to produce formhydr- 
oxamic acid. This acid then combines with more of the photo- 
synthesised formaldehyde to give a variety of products, amongst 
which were detected glyoxaline. two substances of alkalcidal 
nature, free a-amino-acids, and substituted a-amino-acids of the 
type of histidine. Brief mention was also made in that com- 
munication of the formation of methvlamine and of pyridimj by 
the action of the photochemical iy activated formaldehyde on 
ammonia, and it is proposal in the present paper to give au account 
of this branch of <mr work. 

It might be argued unit the photosynthesis of naturally occurring 
products by the action of the photoehemieally activated formalde- 
hyde on ammonia has no direct bearing on the photosynthetic 
processes of the living plant, since ammonia in the free state does 
not exist in the plant- and indeed is a poison to the plant. On the 
other hand, it is impossible to deny that ammonium nitrate may be 
present and that this may react with the formaldehyde to give 
forrahydroxamic acid and ammonia. Then agajn. a knowledge of 
the products formed by the interaction of the formaldehyde and 
ammonia must necessarily be of service in interpreting the mechanism 
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of the photosynthesis of complex nitrogen compounds. No apology 
therefore is needed for emphasising the importance of the study of 
the reaction in question. 

It may be noted at the outset that although the products of the 
action of light on carbonic acid and ammonia differ from those 
formed when carbonic acid and potassium nitrate are illuminated , 
the mechanism of the synthesis appears to be very similar in the 
two cases. In both cases it has been found that all the tests for 
reducing sugars give absolutely negative results and therefore it 
seems in the highest degree probable that the activated formalde- 
hyde, as photosynthesised from the carbonic acid, combines in the 
one case with the nitrite to give formhydroxamic acid and in the 
other with the ammonia, and that the products of these two syntheses 
react with more of the activated formaldehyde to give complex 
nitrogen derivatives. The alternat i ve suggestion that these complex 
nitrogen compounds are produced by interaction of the formhydr- 
oxamic acid or ammonia and active hexoscs synthesised from the 
formaldehyde would seem to be disproved by the total absence of 
all reducing sugars from the solutions. 

During the first part of the investigation aqueous solutions of 
ammonia, saturated with carbon dioxide, were exposed for various 
periods of time to the light from the quartz mercury lamp. The 
strength of the ammonia was in most eases 1*3 and the times of 
exposure varied from twenty to three hundred hours. The resulting 
solutions were evaporated under reduced pressure and the distillate 
was collected in aqueous hydrochloric acid. The acid distillate 
was evaporated to dryness at l(iO J , the dry hydrochloride extracted 
with absolute alcohol, and the filtrate evaporated to dryness. The 
residue was again extracted with absolute alcohol, this process being 
several times repeated. The final product was found in the main 
to bo methylamine hydrochloride. 

The residue in the distilling flask was found to contain nitric acid 
in the form of nitrate and it also reduced neutral and acid perman- 
ganate solutions, owing possbily to the nitrous acid which w as also 
proved to he present, this doubtless having been formed photo- 
cbemically from, the nitric acid. The production of nitric acid along 
with the methylamine by the action of ultra-violet light on solutions 
of ammonia, saturated with carbon dioxide, was confirmed in a great 
number of experiments. In the first place, the ammonia solution 
employed was proved to contain no trace of either nitric or nitrous 
acid, and in the second place 1 '331-ammonia solution, saturated 
with carbon dioxide, gave no reaction for either acid after being 
kept in the dark for seventy hours at 40°, this being the maximum 
temperature to which flic solutions were heated by the rays of the 
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mercury lamp, A similar solution after exposure to ultra-violet 
light for seventy hours gave very decided reactions for nitric acid. 
After three hundred hours, the reactions for this acid were very 
strong indeed, the solution giving a brilliant red colour with brucine 
and sulphuric acid, which faded to orange on standing. * The orange 
colour changed to green on the addition of stannous chloride, this 
green colour disappearing on standing. The presence of some 
nitrous acid was also proved by the Gries9-Ille.svay test. 

This formation of nitric acid is of some importance, since it must 
be produced by the oxidation of the ammonia by the nascent oxygen 
set free in the photosynthetic process. This photosynthesis must 
take place in two stages, first, the photosynthesis of formaldehyde 
by the action of light on the carbonic acid, 

H 2 C0 3 - H-OOH + 0 2 

and, secondly, the interaction of the activated formaldehyde and 
the ammonia, 

NH 3 + H-OOH - CH 3 *XH 4 4 - 0. 

The oxidation of some of the ammonia to nitric acid is due to the 
oxygen that is set free in these two reactions. In the two previous 
papers (Baly, Heilbron, and Barker, T., 1921, 119, 1025; Baly, 
Heilbron, and Hudson, loc. cit.) the oxygen was proved to oxidise 
some of the formaldehyde to formic acid. 

During the course of these early experiments the mixed hydro- 
chlorides obtained in the manner already described were treated 
with sodium hydroxide and a very strong odour of pyridine was 
developed. It was at onee realised that the photosynthetic process 
might lead to the formation of more complex compounds than 
methylamine, namely, compounds of the type of pyrrole, pyrrolidine, 
pyridine, and piperidine. This would not he surprising in view of 
the fact that Baudisch {/hr., 1913. 46, 115) has shown that both 
pyrrole and pyridine derivatives are formed in solutions of potassium 
nitrite and methyl alcohol after long exposure to light. This was 
discussed in the previous paper, where it was stated that no evidence 
had then been found of the formation of any simple derivatives of 
pyrrole or pyridine when solutions of formhydroxamic acid and 
formaldehyde are exposed to ultra-violet light, these two substances 
being the first products of the photochemical synthesis from 
potassium nitrite and methyl alcohol. It was pointed out that 
under those conditions the photosynthesis is exceedingly rapid 
and very soon passes beyond the stage of simple compounds. The 
formation of pyridine in the present experiments by the action 
of light on solutions of ammonia saturated with carbon dioxide 
would therefore confirm Baudisch’s observations. The synthesis 
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of the pyridine nucleus was investigated more fully as follows. 
Batteries of eight quartz tubes, each containing 100 c.c. of 3 * 3 il/ - 
ammonia, saturated with carbon dioxide, were exposed to the light 
of the quartz mercury lamp for different periods. The solutions 
were concentrated under reduced pressure, the distillate being as 
before collected in hydrochloric acid. The concentrated solution 
left in the distilling flask was tested for bydroxylaminc, hyponitrous 
acid, a-amino-acids, and sugars, but in every case these substances 
were absent. The absence of a-amino-acids is very significant in 
view of the readiness with which these substances arc formed by 
the action of freshly photosynthesised formaldehyde on potassium 
nitrite. 

The acid distillate was evaporated to dryness on the water- bath 
and the solid residue was dried in the desiccator. On extraction 
with absolute alcohol, a considerable quantity of methylamine 
hydrochloride was obtained which was identified by its melting 
point, the evolution of methylamine on treatment with alkali, and 
by the carbylamine test. The alcoholic extract was also found to 
contain small quantities of the hydrochloride of pyridine or, some- 
times, the hydrochloride of piperidine. The presence of one or 
other of these compounds was recognised by the borax test. A 
small quantity of the mixed hydrochloride* is rubbed in a wann 
mortar with a little borax, when the smell of pyridine or piperidine 
is at once developed very strongly, the smell of methylamine not 
being noticeable for at least thirty seconds. This test, which was 
the standard method of testing for the presence of pyridine bases 
in ammonium salts employed during the war, is capable of detecting 
0*03 per cent, of pyridine in ammonium chloride. It may be noted 
that, although in these experiments one of these bases is always 
formed, we have not as yet succeeded in determining the conditions 
for the photosynthesis of either one. In most cases pyridine was 
found, but in some experiments piperidine was apparently present. 

The presence of pyridine (or piperidine) was confirmed in every 
case and it was proved by the most rigid tests that the original 
ammonia contained no trace of either base. The hydrochloride 
prepared by neutralisation of the ammonia gave no evidence of 
either pyridine or piperidine when treated with borax, nor was any 
evidence of these substances found when the ammonium carbonate 
solution had been heated for many hours at 40°. Furthermore, 
some of the ammonia was half neutralised with hydrochloric acid 
and the mixture concentrated in the distilling flask, the distillate 
being collected in ^eid. The concentration was continued until 
all the free ammonia had passed over, and if pyridine had been 
present the whole of it would now be found in the distillate. The 
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distillate was evaporated to dryness and extracted with absolute 
alcohol. The alcoholic extract contained no trace of pyridine bases. 
The solution of ammonium chloride left in the distilling flask was 
made alkaline with sodium hydroxide and heated, the ammonia 
being collected in pure water. The ammonia solution thus obtained 
was saturated with carbon dioxide and exposed to light, after which 
the presence of pyridine was at once detected . These results would 
seem to prove that piperidine or pyridine is always formed by the 
action on ammonia of formaldehyde as photusynthesised from 
carbonic acid by the action of ultra-violet light, and therefore it 
may be claimed that Baudisch’s observations have been confirmed. 

It is of some importance to note that we have succeeded in photo- 
catalysing the synthesis of methvlamine from ammonia and carbonic 
acid, and we also have obtained evidence of the photocatalytic 
synthesis of pyridine and piperidine. Under normal conditions, 
the synthesis only proceeds under the influence of ultra-violet light 
of very short wave-length, no reaction taking place if the ammonia- 
carbonic acid solutions are exposed in glass test tubes behind a 
plate-glass screen. If ammoniacal solutions of cupric carbonate, 
saturated with carbon dioxide, are thus exposed behind glass to t lie 
Light from the mercury lamp, the photosynthesis takes place very 
rapidly. Methylaminc is at once formed and after some hours’ 
exposure strong evidence is obtained of the formation of pyridine 
or piperidine. 

The copper solutions after exposure to light were treated in the 
same way as described above, the mixed bases being distilled into 
hydrochloric acid. The concentrated copper solution was filtered, 
the remaining copper precipitated as sulphide, and after being again 
filtered the colourless solution was evaporated to dryness. A small 
quantity of a white, deliquescent substance was obtained which 
was dissolved in ether to remove inorganic impurities. The ethereal 
solution on evaporation deposited white crystals resembling Prince 
of Wales’s feathers. In three consecutive experiments the melting 
point was found to be 118 119 , and 12-'. but we have not yet 
succeeded in identifying the compound. The investigation of this 
substance is being continued. 

The photocatalytic synthesis of methylaminc, pyridine, and 
piperidine is important, since it is analogous to that taking place 
in the living plant. As was shown in the first paper of this series, 
there arc present in sunlight no rays of the very short wave-length 
necessary for the direct photosynthesis of the act i vated formaldehyde 
from carbonic acid. It was shown, however, that the synthesis 
takes place photocatalyticallv by the. influence of visible light when 
the carbonic acid is in loose combination with a coloured base, such 
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as malachite green. In the present experiments, it has been shown 
that a similar photocatalytic synthesis takes place in visible light 
when the carbonic acid is associated with the coloured cupric 
ammonium complex. This synthesis, therefore, is another example 
of the mechanism which we believe to be that existing in the living 
plant, where the chlorophyll forms an additive compound with the 
carbonic acid, the activated formaldehyde being photosynthesised 
by the action of visible light on this coloured complex. 

In order both to confirm our interpretation of these results and 
also to determine whether the synthesis proceeds further than the 
formation of the pyridine nucleus, we investigated the action of 
ultra-violet light on mixtures of ammonia and formaldehyde. In 
the first series of experiments, l\‘U/-solutions of ammonia and 
formaldehyde were exposed to ultra-violet light for about one 
hundred and twenty hours . The result i ng solut ions were evaporated 
with excess of hydrochloric acid in order to remove the unused 
formaldehyde and finally taken to dryness. From the mixed 
hydrochlorides, by extraction with absolute alcohol and fractional 
precipitation by ether, in which methylamine hydrochloride is very 
sparingly soluble, specimens of nearly pure methylamine hydro- 
chloride were obtained. The melting point was found to be 192 — 
200°, and the ehloroplatinate contained 40*8 — 41 T per cent, of 
platinum (calculated, 41-68 per cent.), the low value being probably 
due to the presence of more complex bases which could not entirely 
be removed. Before dealing with these compounds, emphasis 
may again be laid on the fact that the total absence of a-amino-acids 
and of all reducing sugars was proved in these ammonia-formalde- 
hyde solutions after exposure to light. If the relative amount of 
formaldehyde is very greatly increased, for example, 10 mols. to 
1 mol. of NH a , then the presence of reducing sugars is readily identi- 
fied after these solutions have been illuminated. It is also of 
considerable interest to note that no hexamethylenetetramine is 
formed. 

In a second series of experiments with ammonia and formaldehyde, 
in which the period of illumination was more prolonged, further 
confirmation was obtained of the photosynthesis of pyridine, but in 
no case could wc detect any evidence of piperidine. The separation 
of the pyridine hydrochloride from the methylamine hydrochloride 
was carried out in the following manner. The mixed hydrochlorides 
were digested with warm absolute alcohol, in which pyridine hydro- 
chloride is much more soluble than methylamine hydrochloride. 
The alcoholic solurion was treated with twice its volume of ether, 
which brought abdut the precipitation of the greater bulk of the 
methylamine hydrochloride. The filtrate was taken to dryness 
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and the residue extracted with a little chloroform, in which pyridine 
hydrochloride is very much more soluble than methylamine hydro- 
chloride. On evaporation of the chloroform solution a very small 
quantity of almost pure pyridine hydrochloride was obtained. The 
normal chloroplatinate prepared from this had a melting point 
which was about 15° too low owing to its contamination with more 
complex bases of an alkaloidal nature. 

Although the presence of an alkaloidal substance was proved 
by the reactions with all the usual reagents, sufficient material 
was not obtained in these experiments for its investigation. In 
order to examine this substance in greater detail experiments were 
carried out with stronger solutions. Twelve quartz tubes, each 
containing 100 c.c. of 2 dZ-ammonia and formaldehyde, were exposed 
to ultra-violet light for three hundred hours. These solutions on 
exposure turned brown and on evaporation to dryness with hydro- 
chloric acid and extraction with absolute alcohol a light brown 
solution w'as obtained which on evaporation deposited a brown, 
deliquescent solid with an odour resembling that of liquorice. A 
minute portion of this solid, when dissolved in water, gave very 
strong reactions with all the reagents for alkaloids, the most note- 
worthy being a heavy purplish-brown precipitate with a solution 
of iodine in potassium iodide, and a yellow' precipitate and a 
characteristic odour on warming with Nesslers solution. It is 
this odour, also developed on treating the hydrochloride with alkali, 
that led us to suspect an alkaloid of the coniine group. 

We therefore prepared as much as possible of the alkaloidal 
substance by exposing 2 M -solutions of ammonia and formaldehyde 
to ultra-violet light for periods of six to ten days. The resulting 
solutions were w orked up exactly as described above and a chloro- 
form solution containing the pyridine and alkaloid hydrochlorides 
was obtained. On the addition of two volumes of ether to this 
solution, most of the pyridine hydrochloride was rapidly precipi- 
tated. On addition of a further small quantity of ether the 
remainder of the pyridine hydrochloride, together with a little 
alkaloid hydrochloride, separated. On evaporation of the second 
tiltrate, a brown solid was obtained which on treatment with 
caustic alkali gave no odour of pyridine but only the characteristic 
odour of coniine. It would seem, therefore, that the alkaloid had 
been freed from pyridine by this treatment. The question of the 
relative amounts of these compounds will be dealt with below. 

There is no doubt that the identification of coniine is a matter of 
considerable difficulty, and it is only after very careful investigation 
that we feel confidence in stating that our res ft Its go far towards 
proving the photosynthesis of this alkaloid from ammonia and 
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carbon dioxide. We have received great assistance from Dr. 
W. J. Billing, who has made a study of this very matter, namely, 
the identification of coniine and its differentiation from its allies 
(. Pharm . J. and Pharmacist , 1909, 4, 29), and we tender our most 
grateful thinks to him. 

The most characteristic test for coniine is the crystalline pre- 
cipitate which it gives with potassium cadmium iodide. A neutral 
solution of coniine hydrochloride, cooled in a freezing mixture, on 
cautious addition of the iodide solution, gives a white precipitate 
which under the microscope is found to consist of crystals shaped 
like an oak leaf. These characteristic crystals were obtained with 
our synthetic alkaloid and also with the natural alkaloid and found 
to be exactly similar in appearance. The conhydrines only give 
amorphous precipitates with this reagent. 

The synthetic alkaloid on oxidation with potassium dichromate 
and sulphuric acid gave the unmistakable smell of butyric acid, no 
difference being found when the natural alkaloid was used in similar 
quantities. 

Strong confirmatory evidence was obtained by Melzer’s test 
{Arch. Pharm., 1898, 236, 701) as modified by Dilling. One c.c. 
of a solution of the hydrochloride is made alkaline with sodium 
carbonate, 0*5 c.c, of alcohol and a few’ drops of carbon disulphide 
are then added, and the mixture is heated to the boiling point. 
Distilled water is then added until the test tube is two-thirds full, 
and afterwards a few drops of a saturated solution of uranium 
nitrate are added, when an orange-red colour is produced. On 
shaking with toluene or with ether, the coloured compound is 
extracted and the ethereal solution, on standing, deposits brown 
crystals. The solubility of the coloured compound in toluene 
definitely differentiates coniine from its allies and indeed is a 
specific test for coniine. In the case of the conhydrines, moreover, 
the ethereal solutions give amorphous deposits and not crystals. 
When nickel chloride is substituted for the uranium nitrate, a fine 
green colour is obtained, the substance being soluble in ether, which 
on standing deposits green crystals. This at once excludes y-coni- 
ceine, which gives a red colour with nickel chloride. With copper 
sulphate, the colour is Van dyck- brown, and opaque brown crystals 
are deposited from the ether. We obtained identical colours and 
crystals with our synthetic alkaloid and wit h natural coniine. These 
three tests are accepted as the best known for the identification of 
coniine, and in each case no difference whatever could be detected 
between the behaviour of our synthetic alkaloid and the natural 
alkaloid. 

The picrate of the alkaloid was prepared and three specimens, 
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obtained in three separate syntheses, melted at 72 — 74°, 73 — 74*5°, 
and 74*5°, respectively. The melting point of the picrate of the 
natural alkaloid is differently recorded by various observers as 
lying between 74° and 76°, this no doubt being due to the fact that 
the picrate is amorphous. It is important to note that. Laden burg 
(Ber., 1886, 19, 439, 2578) states that the melting point of the 
various compounds of synthetic 2-propylpiperidine are almost 
identical with those of the corresponding compounds of natural 
coniine. Although not much support can be derived from the 
melting point of the picrate, it can be stated that the melting point 
does not differ from that of the picrate of natural coniine, which we 
found to be very near 75°, but not sharp. 

Ladenburg also found that the physiological action of his synthetic 
2-propylpiperidine is identical with that of the natural alkaloid. 
The physiological action of our photosynthetic alkaloid was there- 
fore examined in the following manner. After the brain and spinal 
cord of a frog had been pithed, the sciatic nerves and gastrocnemius 
muscles were dissected out and the right leg was tightly tied under 
the nerve to prevent circulation in this limb. The points at which 
these nerves and muscles responded when stimulated by the current 
from an induction coil with movable secondary were noted at 
intervals of time. The injection into the anterior lymph sac of 
0 2 e.e. of a 5 per cent, solution of the synthetic alkaloid caused the 
response of the left sciatic nerve to become less and less until it 
finally ceased, although the right nerve and gastrocnemius muscle 
still responded. This effect is due to the paralysis of the motor 
nerve endings by the solution, an effect which is characteristic of 
coniine and its allies. 

A second experiment was carried out for us by Ur. Dilling as 
follows. Two muscle-nerve preparations from a frog were fitted up, 
one in Ringer s solution and the other in Ringer's solution to which 
a small quantity of the hydrochloride of our photosynthe'ised 
alkaloid had been added. The accompanying tracing (facing p. 194) 
shows very clearly the characteristic paralysis of the nerve endings. 

The experimental evidence obtained from the study of the 
reaction of the photosyntlietie alkaloid would seem definitely to 
point towards its being coniine. The arguments may be summed 
up as follows. The physiological action is very characteristic and 
is one which is given only by the curare alkaloids and by the members 
of the coniine group, and since the former are definitely excluded 
by the total failure of the characteristic tests for these alkaloids 
the results shown in the tracing can only have been given by an 
alkaloid of the coniine group. This conclusion is supported by the 
chemical reactions which are very characteristic of this group. 

VOL. CXXIII. U 



104 BALY, HEILBRON, AND STERN : 

As stated above, we are fully aware of the difficulty of the identi- 
fication of coniine, but on the results of the tests which are uni- 
versally recognised as being the best for the differentiation of 
coniine from its allies we feel confident in stating that the evidence 
is markedly in favour of the photosynthetic alkaloid being coniine 
itself. The crystalline nature of the double salt obtained on the 
addition of potassium cadmium iodide solution and the solubility 


Description of Plate. 

Fig. 1. — Upper tracing: Muscle immersed in bath of Ringer’s solution as 
control. Lower tracing : Muscle immersed in bath of 0*4% synthetic coniine 
in Ringer’s solution. Sciatic nerves of both muscles rest on electrodes 
through which a galvanic break stimulus passes every 5 seconds. Coil 
distance = 11 cm. The tracing shows rapid onset of fatigue in the case of 
the poisoned muscle owing to paralysis by the coniine of the myoneural 
junctions of the sciatic nerve. At arrow, muscles immersed in bath. 

Fig. 2. — Continuation of Fig. 1. Coil distance reduced to 5 cm. Shows 
paralysis of myoneural junctions of sciatic nerve. 

Fig. 3. — After 3 minutes’ rest. Normal muscle -nerve preparation re- 
sponds to stimulus. Coil distance = 11 cm. No recovery of the poisoned 
preparation after rest; therefore it is not a simple fatigue effect. 

Fig. 4. — Still no recovery of poisoned muscle-nerve preparation. Com- 
plete paralysis of myoneural junctions of sciatic nerve even to strong stimulus. 
Coil distance — 2 cm. 

Fig. 5. — Ten minutes after Fig. 4. Upper tracing: Normal muscle -nerve 
preparation stimulated through sciatic nerve. Lower tracing : Poisoned 
muscle -nerve preparation stimulated directly through muscle, showing that 
muscle is not paralysed. 

Fig. 6. — Five minutes after Fig. 5. Both preparations stimulated through 
muscle. Coil distance = 7 cm. 

The object of the experiment is to show that the coniine paralyses tin- 
endings (myoneural junctions) of voluntary motor nerves without paralysing 
the muscle fibres. In Fig. 1, the poisoned muscle rapidly becomes inexor- 
able by a stimulus applied to the nerve because owing to the paralysis of the 
myoneural junction the stimulus Applied to the nerve is “ blocked ” or is 
unable to reach the contractile elements of the muscle. But, as Figs. 5 and l> 
show, the contractile elements of the muscle itself are not paralysed, because 
they are still excitable by a stimulus directly applied, to the muscle substance. 

in toluene of the red compound obtained with uranium nitrate in 
Melzer'e test are reactions only given by coniine and not by any 
other kno.vn member of the group. Furthermore, the photo- 
synthetic alkaloid and the natural alkaloid are exactly similar in 
all their properties and reactions. Certain other tests might be 
suggested, but m view of the fact that the reactions we have em- 
ployed are those specially selected after lengthy research as being 
the only ones in which confidence can be placed, we feel that the 
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argument in favour of the photosynthesis of coniine would not be 
materially strengthened by their use. 

Reference may be made to the detection of pyridine and piperidine 
recorded above. It must be noted that these compounds form an 
intermediate stage in the synthesis of the coniine alkaloid and 
therefore they are only obtained in very small quantities. If the 
times of exposure to the light are increased, the quantity of pyridine 
or piperidine found in the solution is not materially increased and 
the difficulties of the work become much greater owing to the forma- 
tion of the alkaloid. It may, however, be stated that in certain 
analogous photosyntheses at present under investigation we have 
obtained indisputable evidence of the synthesis of both these 
compounds, and we hope to communicate these results in a further 
paper. 

We consider that it is by no means out of place to refer once 
again to the peculiar difficulties of these photosynthetic investiga- 
tions. In the first place, the initial substance produced is activated 
formaldehyde, which contains an abnormally large quantity of 
energy. The subsequent processes consist in the reaction between 
this compound and other substances, each process being a series 
of reactions in which energy is lost. In the investigation now* 
described, the last stage reached is an alkaloid, which is most 
probably coniine. The compounds formed as intermediates between 
the first and final stages will obviously only exist in the free state 
for a short period of time, since they will immediately undergo 
further reaction. The pyridine and piperidine arc intermediates 
and only have a transient cxistenee, or in other words they will at 
any given moment only be present in very small quantities. 

A second difficulty is found in the fact that the more complex 
products of the photosynthesis are slowly decomposed by light of 
very short wave-length. Whilst it might, for instance, be thought 
possible to synthesise considerable quantities of the coniine alkaloid 
by exposing the solutions for very long periods to ultra-violet light, 
this is not feasible, since tin 4 alkaloid is slowly decomposed. Xot 
only does this militate against a good yield, but it also introduces 
further difficulties owing to the formation of decomposition products. 
It is scarcely necessary to point out that this factor is absent in the 
living plant, and we have not as yet succeeded in devising an 
effective screen to absorb the very short wave-length rays and 
transmit the rays required for the formation of the activated 
formaldehyde. 

In the present experiments we have investigated the photo- 
synthesis step by step, each stage being separately studied. The 
first stage is the production of activated formaldehyde by the 
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action of light on aqueous solutions of carbonic acid. This was 
dealt with in the first paper of this series, and w r e have now found 
another example of the photocatalysis of this reaction. In the 
second stage, the first product to appear in quantities sufficient for 
its recognition, except, of course, the nitric acid, is methylamine, 
and its presence can be detected very soon after the solutions have 
been exposed to the light. 

If the times of exposure are increased, pyridine or piperidine 
makes its appearance, and it would at first sight seem probable that 
they are synthesised by the action of the activated formaldehyde on 
the methylamine, but this conclusion is by no means certain. 
Pyridine and piperidine might well be formed by direct synthesis 
from five molecules of formaldehyde and one molecule of ammonia, 
the delay in the appearance of these compounds in sufficient 
quantity for their recognition being due to the fact that with a 
given velocity of formation of activated formaldehyde only one 
pyridine nucleus would be formed to five molecules of methylamine. 
There is also to be noted the significant fact that no compounds 
intermediate between methylamine and pyridine, for example, 
dimethylamine, ethylamine, have been found. So far as the 
present evidence is able to help us, it is more in favour of the direct 
nuclear synthesis from ammonia and formaldehyde than the 
synthesis with methylamine as the first stage. Whichever of these 
alternatives is correct, all three substances, methylamine, pyridine, 
and, probably, piperidine, have been photosynthesises! by the action 
of ultra-violet light of short wave-length on aqueous solutions of 
ammonia saturated with carbon dioxide, and phot oeataly tic-ally 
synthesised by the action of visible light cm aminoniacal solutions 
of cupric carbonate, saturated with carbon dioxide. 

In order to carry out the next step, namely, the photosynthesis 
of the coniine, greater reaction velocity is required. Solutions 
of ammonia and formaldehyde, 2 M with respect to each, wen 1 
exposed to ultra-violet light for six to ten days. The progress of 
the photosynthesis is the same in this ease, since we have found that 
methylamine is the first product and that pyridine can be detected 
subsequently. The formation of the coniine takes place after the 
production of the pyridine, and therefore it is doubtless synthesised 
by the action of the activated formaldehyde on pyridine. 

Wc consider that the present results support the conclusions 
drawn in the preceding paper. In this connexion it is important to 
note that when the ammonia -carbon dioxide solutions, after exposure 
to ultra-violet light, are evaporated under reduced pressure, the 
whole of the mclhyUmine, pyridine, piperidine, and excess of 
ammonia is distilled off and that the residual solution in the dis- 
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tilling flask contains no sugars or amino-acids. In our opinion, 
this militates against any proposal that the photosynthesis takes 
place along paths of greater complexity, such, for example, as that 
of amino-acids. Indeed, the results now brought forward would 
seem to confirm the views we expressed in the previous paper as 
to the simplicity of the photosynthesis which takes place when 
activated formaldehyde is produced in the presence of potassium 
nitrite or ammonia. 

In conclusion, we once again express our most cordial thanks to 
Dr. W. J. Dilling for his kindness in carrying out part of the physio- 
logical work and for the readiness with which he placed at our 
disposal his great knowledge of coniine and its differentiation from 
the other members of this group. 

The University, Liverpool. [Hewiveil, October 11 )th, 1922.] 


XXIV . — The Velocity of Reaction in Mixed Solvents. 
Part IV. The Influence of the Base on the Velocity 
of Saponification of Esters. 

By Albert Eric Cashmore, Hamilton McCombie, and Harold 
Archibald Scarborough. 

In previous communications (T., 1921, 119, 970; 1922, 121> 243, 
2308), a systematic study has been made of the reaction between 
the ethyl esters of typical aliphatic and aromatic monobasic acids 
and potassium hydroxide in a series of solvent media consisting 
of ethyl alcohol and water, and also of the effect due to a rise or 
fall in the temperature at which the reaction proceeds. The 
results showed that the curve exhibiting the relation between the 
velocity constant and the percentage composition of the solvent 
was divisible into not fewer than four linear phases; the points 
of intersection of these phases were usually well defined and corre- 
sponded with alcohol-water complexes of simple composition. 
These points of intersection were found to be independent of the 
nature of the ester, except in the ease of the ortho-substituted 
aromatic esters, where one of the points of intersection became 
much more sharply defined and was found to occur at 62 o per 
cent, of alcohol instead of at b9 per cent, of alcohol, as was the 
case with all other esters. The influence of a change of temperature 
of 30° was apparently to eliminate certain points of intersection 
and to introduce others, so that it would seem that certain com- 
plexes possessed little stability or that their effect was reduced to 
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such an extent that the methods employed failed to detect their 
presence. 

The effect of the temperature and of the ester on the velocity 
constant having been determined, it seemed of interest to examine 
the effect due to a change of base. Measurements have therefore 
been made of the velocity of reaction of the ethyl esters of an 
aliphatic, an aromatic, and an ortho-substituted aromatic add with 
lithium hydroxide, with barium hydroxide, and with tetraethyl- 
ammonium hydroxide at SO 0 . In the case of barium hydroxide, 
the solubility of the base in a solvent medium containing more 
than 40 per cent, of alcohol was so small that the reaction mixture 
became non-homogenous as the reaction proceeded and the value 
of the velocity constant was too irregular to have any exact 
significance. 

An examination of the results shows that the curves have certain 
characteristics independent of the nature of the base, but the 
positions of the points of intersection of the phases are not common 
to all bases, and only in those phases which are common can the 
ratios k KOB lk btM he calculated. In the following table arc shown 
the results obtained for the three esters and bases examined : 


Table I. 



Ethyl benzoate. 

Ethyl wobutyratc. 

Ethyl o- 

broinobenzoate. 

Per cent. 

fch'CK 


&KOH 

&KOH 

1‘KOH 

&Kon 

alcohol. 

A’uou 

A.NEtrOH 

A’MOIi 

£.SEi4>OH 

^UOII 

ksKtvOH 

90 

1*07 

1*40 

M0 

1-51 

1*54 

3*14 

85 

1*09 

1-3L 

1*20 

1*36 

1-47 

2*32 

80 

1*15 

1-38 

1-22 

1*41 

166 

2*35 

75 

— 

1*28 

— 

1-27 





70 

M0 

1*30 

1*02 

1*29 

116 

1*81 

40 

1*20 

1*26 

1*00 

M0 

M4 

1*25 

35 

M5 

1-24 

1*03 

1*05 

1*10 

1*21 

30 

1*04 

1-25 

Ml 

1*28 

1*00 

1-31 

Mean 

1*10 

1*30 

M0 

1*30 

1*08 

1-25 


The curve for ethyl o-bromobenzoate with potassium hydroxide 
appears to bo quite different from those obtained with the other 
bases, and a comparison is only possible over the one phase as shown. 

A closer consideration of the results and of the curves shows 
that the critical points for the three bases, examined in detail, 
are as follow : 

Table II. 


Base. Critical points (per cent, of alcohol) at 30°. 

KOH 80-5 59* 30-5 

LiOH * 81 46 

NEt 4 -OH „ 62— GO 


* For esters of ortho-substituted acids this value becomes 62*5. 
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The existence of the various linear phases has been verified by 
applying the method of mean squares to the experimental data, 
and, as will be seen from the following table, the discrepancy 
between theory and observation is within the limit of experimental 
error. 


Table III. 

Ethyl wobutyrate and Ethyl benzoate and 

lithium hydroxide. tetraethylarnmonium hydroxide. 


Per cent, 
alcohol. 


W* 

Per cent, 
alcohol. 



80 

0076 

0073 

45 

0*179 

0*177 

70 

0*114 

0119 

40 

0*230 

0-229 

60 

0*168 

0*165 

35 

0*287 

0*286 

50 

0*212 

0-212 

30 

0*341 

0*340 


The curves for lithium hydroxide at 30° show a marked similarity 
to those obtained with potassium hydroxide at 45°, where it was 
shown that the value of k in 50 per cent, alcohol occurred in the 
same phase as those in 80, 70, and 60 per cent, alcohol. The 
evidence points strongly to the existence of a complex represented 
by the formula C 2 H 5 *0H,3H 2 0 and having the composition 46 per 
cent, of alcohol. 

The curves obtained with tetraethylarnmonium hydroxide appear 
to combine the characteristics of those of lithium hydroxide and 
potassium hydroxide in that a marked discontinuity occurs at 60 per 
cent, of alcohol as well as at 46 per cent, of alcohol. 

It is thus seen that the points of intersection occurring at 80 and 
30 per cent, alcohol are independent of the nature of the base, 
of the ester, and of the temperature. On the other hand, the 
points of intersection at 62 5, 59, 46, and 39 per cent, alcohol are 
dependent on the temperature and the nature of the ester or of the 
base. 

The results obtained with barium hydroxide are of too low r an 
order of accuracy to make a detailed study possible; they are, 
however, sufficiently accurate to show that the base is twice as 
reactive as potassium hydroxide in solvents containing a high 
percentage of alcohol, and that as the percentage of water is 
increased the reactivity decreases until it is nearly the same as 
that of potassium hydroxide. 

Table IV. 

Ethyl p-chlorobimoate and barium hydroxide. 

I'or cent, alcohol ... 85 80 70 00 40 35 30 

A'koh/^oh), 0-43 0-54 0-62 0-72 0-77 0-72 0*82 
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The results recorded in this and in the previous communications 
[loc. cit,) y and also data relating to the physical properties of ethyl 
alcohol-water mixtures seem to how that we are dealing with 
effects due to the solvent existing as an equilibrium mixture of 
which one component is an alcohol-water complex. 

It might be expected that the existence of these alcohol-water 
complexes would be shown by the saponification of any ester by 
a base in alcohol- water mixtures, irrespective of the nature of 
the base ; but this does not appear to be the case. If it is assumed 
that the reaction is promoted by the hydroxyl-ions of a base — in 
equivalent dilutions, the concentration of hydroxyl-ions will not 
be greatly different for strong bases — then the effect of the alcohol- 
water complex should be shown in the presence of any strong base. 
Thus the possibility of the saponification of an ester being due 
mainly to the presence of hydroxyl-ions appears to be eliminated. 
In this connexion, it is interesting to note that Acree ( J . Amer. 
Che?n. Soc. t 1915, 37, 1902, 1909; 1917, 39, 376) finds that even in 
absolute ethyl alcohol the reaction between dinitrobenzene or an 
alkyl haloid and a base is partly ionic in character. 

The alternative explanation seems to be that the reaction is 
molecular and that the different results found with the three bases 
are due to some loose combination of the base and the alcohol- 
water complexes ; each base may be supposed to exert a selective 
action upon the alcohol-water complex with which it enters into 
combination. 

A noticeable feature of the work described in this paper is the 
order found for the reactivity of the bases ; the reactivity decreases 
as we pass from barium hydroxide, potassium hydroxide, lithium 
hydroxide, to tetraethylammonium hydroxide. Measurements of 
the relative strengths of bases in aqueous solution by a comparison 
of the rates at which an ester is saponified have been carried out 
(Reicher, Annalen, 1885, 228, 257 ; 1886, 232, 103 ; Bugarsky, 
Z. physikal. Chem., 1891, 8, 398) and the order in decreasing stages 
of reactivity is ; lithium hydroxide, potassium hydroxide, barium 
hydroxide, and tetraethylammonium hydroxide. 

It seems desirable at this stage to offer some explanation of these 
results. 

The equation representing the reaction between the ester of a 
monocarboxylic acid and a base is usually represented as 
R-C0 2 R' + MOH - R-CCXM + 1VOH, 
which is entirely inadequate as an explanation of the mechanism 
of the reaction in solvents consisting of alcohol-water mixtures. 

Under these conditions, the mechanism of the reaction may Ik 1 
represented by two alternative sets of equations : 
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(a) -OH' + EtOH -OEt' + H,0 
1. (6) R-COjEt + -OH' = R-CO-O’ + EtOH 
(c) R-COjEt + -OEt' = R’CO-O’ + Et 2 0 
(a) EtOH + MOH EtOM + H,0 

/P / 0U // 0 * 

o. (b) R-C f ! MOH - R-O—OH = R*Cf + EtOH 

OEt \OEt x OM 

J) yOM ,0 

(e) R‘Cr ; EtOM - R*0— OEt - ROOM + Et 2 0 
x OEt \OEt 


where R is an alkyl or aryl radicle and M is an electropositive 
radicle. 

In order to bring the results into accord with the first series of 
equations, it must be assumed that, in equivalent dilute solutions 
of barium hydroxide and potassium hydroxide, the concentration 
of the negative or active ion of the former base is twice that of 
the latter. In very dilute aqueous solutions, however, the con- 
centration of hydroxyl-ion will be nearly the same for both bases ; 
therefore in ethyl alcohol, a solvent of lower ionising power, the 
weaker base would be less highly ionised than the stronger base. 
These two conflicting statements may be brought into agreement 
if two possibilities are conceded : 

(1) That the hydroxyl-ion is considerably more reactive than the 
ethoxyl-ion. 

This possibility is in agreement with the experimental evidence. 

(2) That the balanced reaction 1(a) proceeds so much further 
towards the right in the case of potassium hydroxide than in the 
case of barium hydroxide that the concentration of hydroxyl-ions 
in the latter case is some two to three times that in the case of 
potassium hydroxide. 

The second series of equations assumes that the reaction pro- 
ceeds in stages, the first of which is a slow bimolceular reaction 
resulting in the formation of a complex, which then decomposes 
more rapidly ami in accordance with an equation for a unimoleeular 
reaction. The isolation of a complex of this nature by von Pech- 
raann [Her., ISOS, 31. oOl) lends support to this view. As is 
evident from equation 2(e), the reaction is complicated by the 
formation of a metallic ethoxido: the extent to which this takes 
place in any alcohol-watcr mixture is not known, neither is there 
any precise knowledge of the relative rates of decomposition of the 
complexes indicated in equations 2{b) and 2(c), but it is believed 
that the latter complex breaks down much more slowly than the 
former {vide Gennari, (lazzrlia, ISPfi, 26. i, 231 : Kremann, MonaUh. t 
1805, 26. 279). 
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The reactivity of the various hydroxides in ethyl alcohol-water 
mixtures is thus apparently a measure of the amount of free hydr- 
oxide present as such in the solution or, alternatively, a measure 
of the hydroxyl-ion concentration. From the results it may be 
deduced that the relative reactivities of the bases in alcohol-water 
mixtures containing a high percentage of alcohol are 

KOH : Li OH : Ba(0H) 2 : NEt 4 *0H = 1 : 0‘9 : 2 *3 : 0*78. 

If a correction is made for the relative strengths of the bases in 
aqueous solution, these values become 

KOH : LiOH : Ba(OH) 2 : NEfr 4 *OH « 1 : 0*9 : 2*2 : 0*9. 

The amount of free hydroxide present in the alcohol-water mixtures 
should be nearly proportional to the first series of numbers; the 
relative rates of reaction of the bases with a given ester should 
be nearly proportional to the second series of numbers. 

There is some difficulty in testing the above suppositions in the 
case of ethyl alcohol, but indirect evidence may be obtained from 
the work of Cajola (Gazzetta, 1900, 30, i> 233) ; in this work, a 
study was made of the velocity of reaction between methyl acetate 
and various bases in equivalent concentrations in absolute methyl 
alcohol. The reaction was found not to be strictly bimolecular, 
and appeared to cease before the ester was completely saponified. 
The amount of ester saponified by one equivalent of the following 
bases was : 

NaOH N H s KOU NMe t OH Ba(OH), 

13 23 26 32-3 52 

No explanation of these figures was put forward, but it seems 
possible that they represent the amount of free hydroxide present, 
and that the reaction ceases for one of the following reasons : 

(а) The complex formed between the methoxide and the ester 
in methyl alcoholic solution is very stable compared with the 
analogous complex formed in ethyl alcoholic solution. 

(б) The equilibrium represented by the equation CH 3 ’OH 4- 
MOH CH 3 *OM + H 2 0 is incapable of readjusting itself with 
sufficient speed for the reaction to proceed to a conclusion or even 
to appear as a truly bimolecular reaction, owing to tiic extreme 
stability of the methoxide. 

The work of von Pechmann tends to confirm (a) and this is 
supported by the fact that the complex formed between ethyl 
benzoate and potassium hydroxide is so unstable that it cannot 
be isolated under conditions comparable with those employed with 
the corresponding methyl complex. 
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Making these assumptions, it is possible to obtain the following 
figures representing the relative amount of hydroxide present as 
such in methyl-alcoholic solution : 

KOH : Ba(OH) 2 : NMe 4 -OH = 1:2: 1*25. 

If a correction is made for the relative strengths of the bases in 
aqueous solution, the following figures are obtained : 

KOH : Ba(OH) 2 : NMe 4 *OH =1:19: 0*9. 

This series shows remarkable agreement with the results obtained 
in ethyl alcohol-water mixtures, but too much significance must 
not be attached to these figures, as comparisons depending on 
analogous properties of methyl and ethyl alcohols are not always 
trustworthy. 

It seems possible that an extension of the work of Cajola might 
yield evidence as to the validity of some of the views which have 
been put forward. Some preliminary experiments have already 
been carried out and these tend to confirm Cajolas results. 

Experimental. 

The solvents and the esters were prepared in the usual manner. 
The experiments with lithium hydroxide were carried out in the 
manner described for potassium hydroxide; the lithium hydroxide 
was an A.K. specimen. The experiments were carried out at 30°. 

The tetraethylaminonium hydroxide was obtained as a 10 per 
cent, aqueous solution from two sources (Kahlbaum, Sehuchardt). 
An alcohol-water solution of the base was made by taking a known 
weight of ail alcohol-water mixture containing a higher percentage 
of alcohol than that to he used in the experiment and adding 
from a burette the quantity of a 10 per cent, aqueous solution 
of the base required to reduce the percentage of alcohol to that 
to be used in the experiment. From a determination of the density 
of the aqueous solution of the base, it was calculated that 10 c.c. 
of the solution corresponded with In grams of water. The normality 
of the base in this solution was then determined by titration and 
the mixture was diluted, if necessary, by adding an alcohol-water 
mixture containing the same percentage of alcohol. 

Under the same conditions, tile two samples of the 10 per cent, 
solution of the base gave identical results. It was shown by 
control experiments that this method of preparing the alcohol- 
water solutions of the tetraethyl ammonium hydroxide gave results 
well within the experimental error. 

The alcohol- water solutions of barium hydroxide were made by 
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gently boiling the solvent with an excess of the base, cooling, and 
drawing the supernatant liquid through a glass wool filter into a 
storage vessel. Measured quantities of the solution were obtained 
by means of a burette connected with the storage vessel. Through- 
out the various stages, the solution was protected from contamin- 
ation with carbon dioxide by means of soda-lime tubes. A control 
experiment showed that the ethyl alcohol-water mixtures sub- 
jected to these processes suffered no appreciable change in density. 

The results are shown in the following tables and curves : 


Table V. 


Lithium hydroxide and ethyl benzoate. 


Per cent, 
alcohol. 

cuoir- 

Cestor* 

Limit 

k. 

)fc. 

90 

005370 

002500 

0*0435—0*047 

0-0455 

85 

0-04675 

0*03333 

0*056—0*060 

0*058 

82-5 

0-04667 

0*02917 

0*059—0*064 

0*063 

80 

0-04721 

0*03333 

0*072— 0-077 

0-074 

70 

0*05721 

0*02222 

0-104—0-112 

0-108 

60 

0*05340 


0-131—0-145 

0*136 

55 

0*04062 

0*01875 

0*146 — 0-154 

0*150 

50 

0*03946 

0-01644 

0-156 — 0*169 

0-163 

47-5 

004096 

0*01666 

0*195—0*21 

0-200 

45 

0*04330 

0*01875 

0*195-0-23 

0-210 

42-5 

0*03880 

0*01606 

0 21? — 0*230 

0*225 

40 

0*04155 


0 237—0-249 

0*241 

35 

0*03495 


0*30—0*325 

0*31 

30 

005236 


0-405 - 0-43 

0*41 

25 

0*01091 

0*00453 

0-72—0-76 

0-745 

20 

000777 

0*00429 

1*03—1-23 

M2 




Table 

VI. 



Lithium hydroxide and 

ethyl isobutyrate. 


Per cent. 



Limit. 


alcohol. 

Cjjou. 

Center- 

k. 

k. 

90 

0*05370 

0*02500 

0*042—0-0445 

0*043 

85 

0*04675 

0*03333 

0-038— 0-062 

0*059 

82-5 

0-06403 

U-03479 

0*069—0*0735 

0-071; 

80 

006164 

0*03333 

0*0745- 0*0785 

0-076 

70 

0-04314 

0*02777 

0* 109 0*118 

0-114 

60 

0-06261 

002222 

0 162— 0*173 

0-168 

55 

0*03802 

001666 

0-18(8— 01 95 

0-187 

50 

0*04590 

,, 

0-207— 0 215 

0-212 

47*5 

0*03905 

0*01875 

0-267—0-281 

0-275 

45 

0-03739 

0*01666 

0-280— 0-312 

0-295 

42*5 

0*03880 


0-315-0 33 

0-32 

40 

0*02066 

0 01111 

0-345— 0-365 

0-355 

35 

0*03495 

0*01666 

0-415 — 0*44 

0-42 

30 

0*05238 * 

,, 

0-51 — 0-55 

0-53 

25 

0*01091 

0*00453 

0-77—0-86 

0-82 

20 

0-00777 

0 00429 

1-03—1-23 

1-12 
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Table VII. 


Per cent, 
alcohol. 

Lithium hydroxide and ethyl o-bromobenzoate. 

Limit 

ClIOH * Ceetw - 

k. 

90 

0*06533 

0-03333 

0 * 056 — 0*060 

0*059 

85 

0-04967 


0 * 065 — 0*069 

0068 

82-5 

0*06403 

0*03479 

0*0 < 95 — 0-085 

0*080 

80 

0*06164 

0-03333 

0 * 0795 — 0*084 

0*0815 

70 

0*04314 

0*02222 

0 - 102 — 0*114 

0*106 

00 

^ 0-06261 

0*01666 

0 * 118 — 0*132 

0*126 

55 

0-03802 

0-12 <— 0*136 

0*130 

60 

0-03907 


0 * 130 — 0*144 

0-139 

47-5 

0-04096 

|| 

0 - 154 — 0*168 

0*160 

45 

0 * 03 ; 39 

| ( 

0 * 163 - 0-182 

0*173 

42-5 

0*03880 


0*1 < 8 — 0*186 

0-184 

40 

0-02066 

0*00833 

0 * 185 — 0-205 

0-192 

35 

0-02620 

0*01111 

0 * 221 — 0-240 

0*234 

30 

0*02924 

• M 

0 * 31 — 0*34 

0*33 

Table VIII. 

Tetraethylammonium hydroxide and ethyl benzoate. 

Por cent, 
alcohol. 


C « s > ier * 

Limit 

L 

k. 

90 

0-02697 

0-02222 

0 * 0315 — 0*0335 

0-0325 

85 

0-03235 

0-02500 

0*04 < 5 — 0*050 

0*04 85 

82-5 

0*03031 


0 - 054—0057 

0*0555 

80 

0*04554 

n 

0 - 058 — 0-064 

0*0615 

75 

0*04178 

Jf 

0-0 < 0 — 0-074 

0*073 

70 

0*04981 

0-02272 

0 - 080 — 0-083 

0*0815 

65 

0 - 04 , 93 

0*02500 

0 - 092 — 0-095 

0*094 

60 

0-05194 

0*02222 

0 * 119 — 0- 127 

0-124 

55 

0*04082 

0-01660 

0 - 128 — 0*132 

0*130 

50 

0-04445 


0 * 136 — 0*141 

0-139 

47-5 

0-03955 

0*02222 

0 * 156 — 0*165 

0-161 

45 

0 * 045 i 4 


0 * 173 — 0*185 

0-179 

40 

0*03701 

0-0 1 666 

0 * 221 — 0*239 

0*230 

35 

0-02276 

0*01333 

0 - 270 — 0*290 

0-280 

30 

U - 0207 8 

0*01111 

0 * 33 — 0*355 

0-34 

25 

0*00778 

0-00458 

0 - 50 — U -54 

0*52 

20 

0*00706 

000409 

0 * 785 — 0*82 

0*80 


Table IX. 


Tetraethylammonium hydroxide 

and ethyl isobutyrat 

e. 

Per cent, 
alcohol. 

c SKt 4 < OH . 


Limit 

k. 

90 

0-02697 

0*02222 

0 - 032 — 0- 033 5 

0-0325 

85 

0-03235 

0*02500 

U - 051 — 0*0525 

0*052 

82*5 

0 - U 3 O 31 


0 - 05 15 — 0-060 

0*059 

80 

0 * 02.19 


0 - 065 — 0*068 

0-066 

75 

0-04178 


0 - 0 . 9 — 0*083 

0-082 

70 

0- 04556 


0 * 089 — 0-093 

0 - 09 U 

65 

0 - 04.93 


0 * 108 — 0*114 

0*110 

60 

005194 

0-02222 

0 - 144 — 0-153 

0*148 

55 

0 04082 

0 - U 1666 

0 - 166 — 0-173 

0*170 

50 

0 04445 


0 * 185 — 0-192 

0-190 

47-5 

003955 

0-02222 

0 - 214 — 0-226 

0-221 

45 

0*03430 

0-02500 

0 - 235 — 0*246 

0-245 

40 

0*03701 

0-01666 

0 - 31 — 0*325 

0-320 

35 

0-02276 

0-01333 

0 * 39 - 0-415 

0-405 

30 

0-02078 

0-01 111 

0 - 45 — 0*48 

0-47 

25 

000778 

0-00458 

0 - 675 — 0-70 

0-69 

20 

0-00947 

,, 

0 * 64 — 0*865 

0-65 


T 
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Table X. 


Tetraethylammonium hydroxide and ethyl o-bromobenzoate. 


Per cent, 
alcohol. 

CnevOH* 

Center* 

90 

*0-02697 

0*02222 

85 

0-03235 

0-02500 

82-5 

0*03031 


80 

0*02719 


75 

0*04166 

,, 

70 

0*05588 

M 

65 

0*04711 

003333 

60 

0*05194 

0-02222 

55 

0-04082 

0-01666 

50 

0*02976 

002222 

47*5 

0 03955 


45 

0*03430 

0*02500 

40 

0-02776 

001250 

35 

0*02171 

0*01111 

30 

0*02078 

0*00833 


Limit 


k. 

k . 

0-028—0-030 

0*029 

0042—0044 

0*043 

0-0485—0*052 

0-051 

0*052—0-054 

0-0525 

0-0625—0*065 

0-064 

0*0675—0-0705 

0*0685 

0 077—0*080 

0-0785 

0-094—0-098 

0-097 

0099—0-103 

0-101 

q. 101— 0-107 

0-104 

0-121 — 0-120 

0-124 

0-132—0-139 

0-134 

0.175—0-185 

0*180 

0-21— 0*23 

0*215 

0-24—0*26 

0-245 


Fiq. 1. 



Summary. 

1. The reaction between the ethyl esters of certain monobasic 
acids and certain hydroxides in a solvent consisting of alcohol and 
water is found to be of the second order and independent of the 
concentrations. 

2. Under the same conditions, the velocity of reaction decreases 
as the base is changed in the following order : Barium hydroxide, 
potassium hydroxide, lithium hydroxide, tetraethylammonium 
hydroxide. 
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3. The relative velocities of reaction are not in agreement with 
the relative strengths of the bases in aqueous solution, but appear 
to be some function of their relative strengths and of their power 
to form ethoxides. 

4. The curve exhibiting the relation between k and the com- 
position of the solvent shows certain common characteristics for 
all the bases examined. The critical points corresponding with 
alcohol- water complexes are not identical for all bases. 

5. The alcohol-water complexes represented by the compositions 
80 and 30 per cent, of alcohol arc independent of the nature of the 
ester, base, and of the temperature. 

The authors wish to thank the Royal Society for a grant which 
has enabled this work to be carried out; one of us (A. E. C.) is 
indebted to the Department of Scientific and Industrial Research 
for a grant, for which he desires to express his thanks. 

Chemical Laboratories, 

Cambridge. [iiecctred, November 8 th, 1022.] 
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Table VII. 


Lithium hydroxide and ethyl o-bromobenzoate. 


Per cent. 




Limit 


alcohol. 

Clioh* 



k. 

k. 

90 

0-06533 

0-03333 


0-056 — 0-060 

0-059 

85 

0-04967 



0*065 — 0 069 

0*068 

82-5 

0 00403 

0-03479 


0-0795—0-085 

0-080 

80 

0-06164 

0-03333 


0-0795—0-084 

0-0815 

70 

0-04314 

0-02222 


0-102—0-114 

0*106 

60 

0-06261 

„ 


0-118—0-132 

0*126 

55 

0-03802 

0-01666 


0-127— 0-136 

0*130 

50 

003907 



0-130—0-144 

0*139 

47-5 

0-04096 



0-154—0-168 

0*160 

45 

0-03739 



0-163—0*182 

0*173 

42-5 

0-03880 



0-178—0-186 

0*184 

40 

0-02066 

0-00833 


0-185 — 0-205 

0*192 

35 

0-02620 

o-oini 


0-221—0-240 

0-234 

30 

0-02924 

99 


0-31—0-34 

0-33 



Table 

vnr. 


Tetraethylammonium hydroxide and ethyl benzoate. 

Per cent. 




Limit 


alcohol. 

CNKtrOH- 

<Wr* 


k. 

L 

90 

0-02697 

0*02222 


0-0315—0-0335 

0-0325 

85 

0-03235 

0-02500 


0- 04 75— 0-050 

0-0485 

82-5 

0-03031 

,, 


0-054 — 0-057 

0-0555 

80 

0-04554 



0-058—0-064 

0-0615 

75 

004178 

,, 


0-070—0-074 

0-073 

70 

0-04981 

0-02272 


0-080—0-083 

0-0815 

65 

0-04793 

0-02500 


0-092—0-095 

0-094 

60 

0-05194 

0-02222 


0-119—0*127 

0*124 

55 

004082 

9*01066 


0*128—0*132 

0*130 

50 

0-04445 

tl 


0*130—0*141 

0-139 

47-5 

0-03955 

002222 


0-156—0-165 

0*101 

45 

0-04574 

„ 


0-173—0*185 

0-179 

40 

0-03701 

0-01660 


0-221—0*239 

0-230 

35 

002276 

0 01333 


0-270—0-290 

0-280 

30 

0-02078 

0-UU11 


0-33— U-355 

0-34 

25 

0-00778 

U-0045S 


0-50—0-54 

0-52 

20 

0-00706 

0-004U9 


U-7S5 — 0-82 

0-80 



Table 

IX 



Tetraethylammonium hydroxide 

and ethyl L'ohnty 

rate. 

Per cent. 




Limit 


alcohol. 

c>ki 4 ou- 

CeM« r - 


/,*. 

k. 

90 

0-02697 

0 02222 


0-032 — 0-0335 

0-0325 

85 

0-03235 

0-02500 


0*051— 0-0525 

6*052 

82-5 

0-03031 

M 


0-0575 — 0-060 

0*059 

80 

0-02719 

,, 


0-065 — 0*068 

0-066 

75 

0-04178 



0-079— 0-083 

0*082 

70 

0-04556 

,, 


0-089—0-093 

0-090 

65 

0 04793 



0-luS— 0-114 

0-110 

60 

0-05194 

0-02222 


0-144 — 0-153 

U* 148 

55 

0-04082 

0-01666 


0-166— 0-173 

0*170 

50 

0-04445 

„ 


0-1S5 — u-192 

0*190 

47-5 

0-03955 

0*02222 


0-214—0-226 

0*221 

45 

0-03430 

0*02500 


0-235—0-248 

0-245 

40 

0-03701 

0-01666 


0*31—0-325 

0-320 

35 

0-02276 

0-01333 


0*39 -0-4l5 

0-405 

30 

U-02078 

0-01111 


0*45—0*48 

0-47 

25 

0-00778 

0-00458 


0*6 1 o — 0*70 

0-69 

20 

0-00947 

„ 


0-84—0*865 

0-85 

VOL. C XX III. 
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Taulk X. 


Tetraethylaramoiiium hydroxide and ethyl o-bromobcnzoatc. 


Per cent. Limit 


alcohol. 

C>*F.t 4 ‘OH. 

Cpklcr- 

k. 

1c. 

00 

• 0-02G97 

0*02222 

0028 — 0-030 

0029 

85 

0-03235 

0-02500 

0-042—0-044 

0-043 

82-5 

0-03031 


0 0485—0 052 

0-051 

80 

0-02719 


0-052—0-054 

0-0525 

75 

0-04166 


0-0625 — 0065 

0-064 

70 

0-05588 


0-0675 — 0-0705 

0-0685 

65 

0-04711 

0-03333 

0 077— 0-080 

0-0785 

60 

0-05194 

0-02222 

0-094—0-098 

0-097 

55 

0-04082 

0-01666 

0-099 — 0-103 

0-101 

50 

0-02976 

0-02222 

0-101—0*107 

0-104 

47-5 

0-03955 


0-121—0*126 

0124 

45 

0-03430 

002500 

0-132—0*139 

0-134 

40 

0-02776 

0-01250 

0-175 —0*185 

0-180 

3o 

0-02171 

0-01111 

0-21—0-23 

0-215 

30 

0-02078 

0-00833 

0-24—0-26 

0-245 


Fie.. 1. 



Sinn iwtrit. 

1. The reaction between the ethyl esters of certain nmnohasir 
acids and certain hydroxides in a solvent consisting of aleohol and 
water is found to be of the second order and independent of the 
concentrations. 

2 . Under the same conditions, the velocity of reaction decreases 
as the base is changed in the following order : Barium hydroxide, 
potassium hydroxide, lithium hydroxide, tetraethylainmonium 
hydroxide. 
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3. The relative velocities of reaction are not in agreement with 
the relative strengths of the bases in aqueous solution, but appear 
to be some function of their relative strengths and of their power 
to form cthoxides. 

4. The curve exhibiting the relation between lz and the com- 
position of the solvent shows certain common characteristics for 
all the bases examined. The critical points corresponding with 
alcohol-water complexes are not identical for all bases. 

f». The alcohol-water complexes represented by the compositions 
80 and 30 per cent, of alcohol are independent of the nature of the 
ester, base, and of the temperature. * 

The authors wish to thank the Koval Society for a grant which 
has enabled this work to be carried out ; one of us (A. E. 0.) is 
indebted to the Department of Scientific and Industrial Research 
for a grant, for which he desires to express his thanks. 

Chemical Laboratories, 

Cambridge. [Hectical, XoamUr klh, PJ22.J 


XXV. — Castelamarin — .4 Bitter Principle from Castela 
Xicholsoni. 

Ry Louis 1’ikkkk Rosmax. 

It has already been shown that castelamarin occurs, together 
with the glueoside castelin, in ('a* (tin Xit'hoUoni <T.. 1022, 121, 1)70). 
Prof, George Barger kindly presented the author with a few specimens 
of impure oastelamarin. After a prolonged series of experiments 
it was found that the substance was best purified either from 00 per 
coni, alcohol or by dissolving it in warm water to which a few 
drops of caustic soda solution had been added and reprecipitating 
it with dilute hydrochloric acid. J.'he author found that the latter 
process gave a better yield. 

K X I* K \\ I M K N T A I.. 

0-5 (Irani of the impure ra>te!umarin, when dis-i'hrd in warm 
alcohol. yielded n-3 1 gram of the pure substance, which erv>iallised 
in aggregates of thin needles. Repented attempts io reeover a 
further quantity from the mother-liquors- ware without result. 
tt-2710 Gram of the impure substance was dissolved in 10 e.e. of 
warm water to which three drops of to per cent, sodium hydroxide 
were added. It was dutch/ repiveipitated by a little dilute hydro- 
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chloric acid. The product resembled that obtained by purification 
with alcohol, but was still slightly yellow. The process was 
therefore repeated, and the product finally treated with a little 
animal charcoal ; yield 0-22 gram. 

Since it is’ possible that castelamariu undergoes a change when 
it is treated with sodium hydroxide, the two purified products were 
carefully compared. 


Castelamariu purified from aleuhol. 

(а) Crystals needle-shaped, m. p. 
265 — 267 c . 

(б) No loss on being dried in a 
vacuum or at 120'. 

(c) Excessively bitter, and gave a 
deep bine colour with cone. H«80 4 
which faded to a brown tint after a 
few minutes. 

(rf ) Found : in dried material, 
C = 63-3, 03-4; II = 8-0, 8-2. 

(e) Molecular weight, determined 
in glacial acetic acid, -- 176-6. 
C 9 Ii u 0 3 requires C 03-5; H - 8-2 
per cent. ; M -- 170. 


Caste laminin puritied from alkali. 

Crystals needle-shaped, m. p. 267 — 
2GIF. 

Xo loss on being dried in a vacuum 
or at 12Q 5 . 

Behaved in an exactly similar 
fashion. 


Found : in dried material, C — 
03-7, 63-8; H - 81, 8-0. 

.1/, similarly determined -- 174-3. 


Tt would therefore appear that there is no real difference in the 
two products. 

A methoxvl estimation by Zeisel s method gave OMe — l(i'8. 
C s II u 0 2 (0Me) requires OMe — 18*2 per cent. 

Attempts were made to split off the methoxy-group with hydro- 
bromic acid, hydrochloric acid {15 per cent, under pressure), and 
also with alcoholic potash, but without success. The failure is 
regrettable because it would be of interest to compare the product 
with castelagenin, which differs from castelamarin in composition 
by only two atoms of hydrogen. It is not improbable that the 
glucoside is chemically related to the “ bitter principle.” It has 
already been shown (he. e/7.) that castelagenin is an aromatic 
lactone, and that it yields a dicarboxylie acid on oxidation. 

Accepting (1) as a possible formula for castelagenin, it is 
reasonable to suggest (II) as a formula for castelamarin. 


CH'OH 

3 *h r 
HX /€ 

(l.) h 


CO 


CH, 


H,C 


cii*och 3 

» o 

CO 

\/'h CH 2 

oh, 

(lb) 
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The molecule, on breaking up (when oxidised) along ab, would 
give rise to a dicarboxylic acid — possibly a substituted succinic 
acid. 

Hydrolysis of Castelamarin . — Purified castelamarin (148 grams) 
was heated under reflux for four hours with 120 c.c. of’2J per cent, 
sulphuric acid. Within forty-five minutes the substance had 
completely dissolved. The solution was extracted three times with 
70 c.c. of ether. The extracts left a resinous residue interspersed 
with crystalline leaflets. Further extractions with chloroform 
yielded practically nothing. Numerous solvents and mixtures 
of solvents were tried as crystallising media for this residue, but 
from ethyl acetate alone was it possible to obtain a minute quantity 
of a needle-like, crystalline product, which melted at 166-168°, 
gave no coloration with concentrated sulphuric acid, and was 
.soluble in alcohol, ethyl acetate, or warm chloroform. 

The acid solution from the ethereal and chloroformic extractions 
was neutralised with barium hydroxide, and the clear filtrate 
examined; save the fact that it had powerful reducing properties, 
nothing can be reported. 

Oxidation of Castelamarin . — Experiments with acid and alkaline 
potassium permanganate and with dilute nitric acid (1 : 3) showed 
that the last is the best oxidising agent, Castelamarin (04 gram), 
heated on the v.'ater-hath with 10 c.e. of dilute nitric acid, dissolved 
in about fifteen minutes. The cooled solution was neutralised 
and extracted with chloroform. The residue after evaporation 
of the solvent was most conveniently recrvstallised from 80 per 
cent, alcohol, from which it separated in well-defined needles, which 
melted at 238-240, developed no coloration with concentrated 
sulphuric acid, and did nut give the fluorescein reaction. The 
quantity of material was too small for further examination. 

Pharmacological Action of CusUbunarin . — A series of experiments 
on isolated tissues and tissues in situ wore tried, but almost all 
the results were negative. Strengths of solutions up to 1 : .*>00 
were used, but had tit » effect on the isolated intestine and uterus 
of a non -pregnant cat. The increase in tone was so small as to 
be practically negligible. 

The most striking effect of a perfusion of an isolated mammalian 
heart with a I : 200(1 solution of castelamarin was the constriction 
of the coronary vessels. This was indicated by the great retarda- 
tion of the coronary outflow, which was reduced to one-third or 

less. 

The only conclusions to he drawn from these and other experi- 
ments are that castelamarin is a substance <>f low toxicity and of 
(inly slight pharmacological activity. 
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The author wishes to thank Prof. George Barger, F.R.S., for his 
interest in these investigations, and Prof. J. W. Gunn of Capetown 
University for allowing him the use of the pharmacological 
laboratory. 

Department of Physiology, 

Capetown University. [. Received , October 24f/r, 1022.] 


XXVI . — The Speed of the Uniform Movement of Flame 
in Mixtures of the Paraffins with Air. 

By Walter Mason. 

The series of determinations recorded in the present paper, on the 
speed of the “ uniform movement ” of dame in mixtures of methane, 
ethane, propane, butane, and pentane, respectively, with air, 
were made at the request of Professor Wheeler, who required 
accurate information as to the composition of the mixtures of 
each hydrocarbon with air which would yield the maximum speed 
of uniform movement of flame under standard conditions of experi- 
ment. Similar determinations had been made by Pay man (T., 
1919, 115, 1440), using the so-called “ screen-wire method of 
recording flame velocities; it was desired to check these results 
by means of the more accurate photographic method. Kaeh 
method is trustworthy, and the former is sufficiently accurate for 
most purposes, being at the same time easier to employ, in manv 
instances, than the photographic method. The photographic 
method enables an accurate analysis fo be made of the behaviour 
of the flame and is an extension of that devised by Mallard and 
Le Chatelier, who photographed the movements of such flames 
as possessed a high actinic value on a sheet of golatinn-hrnmidc 
paper wrapped round a rapidly revolving drum. For the extension 
of the method to enable flames of low actinic value to be photo- 
graphed, a brass tube was constructed holding a window or slii 
of quartz, 30 cm. long, and a quartz lens was employed to focus 
the slit on a rapidly revolving sensitised film. 

The tube, a portion of which is shown at the foot of Fig. 1, is 
5 cm. in diameter, and it is divided up accurately into sections 
of various lengths which can he joined together, forming a total 
length of 2'4 in. Two 20 cm. lengths each hold a quartz strip, 
15'o cm. long, 15 cm. wide, and 3 mm. thick, which covers an 
aperture, 15 cm. lung and 1 cm. wide, cut in the section. The 
end of each section of the tube is flanged, and fitted with an inter- 
changeable spigotted joint, which ensures a uniform surface. Ivioh 
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flange is carefully faced, so as to form a perfectly gas-tight joint, 
when slightly greased, with the flanged surface of any other section, 
and the sections can he secured together by size 10 B.A. nuts and 
bolts, six to each joint. 

The two sections holding the quartz windows wlien bolted 
together form a section 40 cm. long, having a window 30 cm. long 
and 1 cm. wide divided at the centre by the flange joint 1 cm. 
wide. This division throws a shadow' on the film, which, when 
the film is moving, is reproduced as a black line and forms a con- 
venient base for the measurement of the angle produced by the 
combined effects of the horizontal movement of the flame and the 
vertical movement of the film. The method of providing an open 
end to the tube (as required w hen the uniform movement, of flame 
is to be measured) is similar to that described in a previous com- 
munication (T\, 1014, 105, 2410); a brass plate, holding a tubulure 
for the admission of the mixture, and forming when greased a 
gas-tight joint with the flange of any section, can be gently slid 
to one side just before ignition. It will be apparent that the 
interchangeability of the various sections enables photographs to 
be taken of any stage of the progress of the flame (over a distance 
of 30 cm.) at any desired situation along the tube ; so that, by using 
a mixture of constant composition and maintaining a constant 
length of tube, a succession of photographs can be obtained which, 
when placed together, will reproduce the manner of propagation 
of flame throughout the whole tube. By these means Mason and 
Wheeler obtained the photographs reproduced in T., l!‘2n. 117, 
-It!, Plate 1. 

The camera used for photographing the flames consists of a light- 
tight box furnished with a quart/, lens, and containing a drum for 
tin? reception of the film, which can hi* revolved at any desired 
speed. The focal length of the lens is 17 cm., its diameter being 
13 cm., and its position is so fixed in the camera that the size of 
the image obtained on the film is oue-quartiT that of the object, 
'file drum takes a length of 47 ein. of film and is 10 cm. wide. Its 
spindle projects through light-tight bearings on each side of the 
camera, and carries at one end a pulley to receive the drive of an 
electric motor. 

The method of timing the rate of revolution of the film is to allow 
the sparks which occur at the mercury break of an electrically 
operated tuning-fork (.70 vibrations per second) to focus themselves 
through a slit in the hack of the camera, on the moving film, so 
that they fall on the shadow east by the 1 cm. flange which 
separates the quartz windows in the explosion tube (see Fig. 1). 
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The Uniform Jiloi'ement of Flame in Mixtures of the Paraffins mtk 
Air. 

Using the brass tube aiul the camera as described, the speeds 
recorded in. Table I were obtained. The sections of the tube 
containing the windows were the first two sections, and the tube 
was 2 m. long. The flame was photographed after it had travelled 
5 cm. from the open end, where the mixtures were ignited by a 
diaphragm of llame passed across it. 

The results are shown diagram mat ically, as speed- percentage 
curves, in Fig. 2, and a reproduction of one of the photographs is 
given in Fig. 1 (ethane, (>’03 per cent.). 


Fig. 2. 



The speeds of the uniform movement of flame in this series of 
mixtures were determined bv Pay man {loc. cit.), using a glass tube 
2'3 cm. in diameter, by the screen-wire method. The figures 
recorded by him for the mixtures in which the speed of flame was 
fastest are given in the table that follows (Table II), for comparison 
with those obtained in the present research. 

The differences arc not very great, although for the particular 
purpose for which the results were required they are of importance. 
It will be realised that the photographic method is more accurate 
than the screen- wire method, if only for the reason that one can 
rest assured that only the ‘ uniform movement ' has been included 
in the calculations of speeds, and not, as sometimes may occur with 
the screen-wire method, part of the £> vibratory movement ” also. 
Nevertheless, the hjst-named method is verv useful, and there are 
already on record a number of determinations for different inflam- 
mable gases obtained by its means and diivet I v comparable because 
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Table I. 


Speed of uniform movement of flame in mixtures of the paraffin 
hydrocarbons with air in a horizontal brass tube 5 cm. in 


diameter. 





Methane. 

Ethane. 

Propane. 


Speed 


Speed 

Per cent. 

Speed 

Per cent. 

in cm. 

Per rent. 

in cm. 

in em. 

in air. 

per see. 

in air. 

per see. 

in air. 

per see 

.105 

34 

3-41 

0 * 

2-00 

41 

0-33 

40 

4-30 

11 

3-00 

SO 

“•03 

40 

1-11 

88 

4-21 

110 

H- 1 2 

00 

1-40 

110 

4-47 

114 

ooo 

84 

1-84 

121 

4-10 

H4 

0-53 

<11 

0-01 

127 

4 00 

100 

lu-12 

Oil 

0-32 

121 

1-20 

00 

10-04 

84 

0-72 

117 

1-N0 

04 

11-44 

04 

7-2o 

107 

7*11 

!U 

12-7 

3.1 

7-71 

Si 



13-3 

25 

0-00 

42 





10-07 

31 




Butane. 

Fait 

am-. 


1 

Vr cent. 

Speed in cm. 

Per cent. $ 

-peed in cm. 



in air. 

per sec. 

in air. 

per see. 



1-01 

30 

MO 

17 * 



225 

48 

2-31 

10 



2-03 

00 

2-11 

00 



3-38 

00 

2-sT 

111 



3-10 

113 

3- 11 

107 



3 73 

112 

3-44 

01 



4-27 

71 

3- IS 

70 



1-13 

40 

4-32 

41 



Mil 

2S 





* These mixtures did not allow flame to propagate throughout the tube. 


Table II. 

Mixtures in which speed of uniform movemeut of da mo is fastest. 


Per cent, in air. 

As determined by 
As determined sereeii->\ ire method 
tia>. photographically. 'Payinan). 

Methane 001 0-10 

Ethane 0 n.5 O-lo 

Propane 1- -4 A -1- T< * 

Butane 5-01 5 01 

Pentane 2-00 5 00 


made under identical conditions in a glass tube 2 3 em. in diameter. 
All the determinations were made in this laboratory. They are: 
hydrogen (llaward and Otagawa, T.. 191b. 109. So): methane 
(Mason and Wheeler, T., 1917, 111. 1944): acetylene (Mason and 

t* 
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Wheeler, X., 1919, 115, 578) ; carbon monoxide, ethane, propane, 
butane, and pentane (Paymau, T., 1919, 115, 1152); and ethylene 
(Chapman, T., 1921, 119, 1077). 

The Mines Departs cent Experimental Station, 

Esk meals, Cumberland. [lirceivvd, September 1 CM, 1922.] 


XXVII . — The System Tin- Arsenic. 

By Qasim A u Maxscri. 

Several compounds of tin and arsenic are described in chemical 
literature. Spring ( Ber 1883, 16, 324), by submitting tin and 
arsenic to high pressure, obtained a substance to which he gave 
the formula Sn 3 As 4 . Headdcn {Amer. J. Sci., 1898, [iv], 5, 95; 
Proc. Colorado Sci. Soc 1901, 6, 80) described some crystals, obtained 
from a Cornish tin mine, of n tin arsenide, to which he gave the 
formula 8n fl As ; he commented on the difficulty of separating these 
crystals from globules of tin. Stcvanovic (Z. KrysL Min., 1905, 
11, 326) measured Headden’s crystals and found that the angles 
of crystals of the arsenide Sn 3 As 2 lie between the corresponding 
values for the arsenide Sn c As and arsenic. Groth (“Chemische 
Krystallographic,” 1906, I, 66) corrected his erroneous chemical 
formula. 

Stead ( J . Soc . Chcm . huh, 1897, 16, 200) found that tin at about 
800° alloyed with as much as 43 per cent, of arsenic, but on prolonged 
heating at higher temperatures much of the arsenic was volatilised. 
He also made a micrographic study of the alloys, in the alloys 
containing between U’Oo per cent, and 10 per cent, of arsenic, 
hard plates appear in the polished sections as straight white lines, 
which are really sections of tiat plates. When an alloy containing 
99*5 per cent, of tin and 0*5 per cent, of arsenic is cooled very 
slowly, crystals are concentrated in the upper layers, and below 
is the parent-substance practically free from these crystals. 
Ihe crj'stais of an arsenide of tin, thus separated, wore examined 
microscopically. They were quite large and therefore some of 
their physical properties could be earily studied. It does not 
appear irom Steads work that thermal results of much importance 
were obtained. It is mentioned, however, that the melting point 
of the separated parent substance was 232 , and that the final 
thermal arrest during solidilication of the alloys containing, respec- 
tively, 5, 10, and 20 per cent, of arsenic was also 232 1 , which is 
identical with the melting point of pure tin. Thus the parent 
substance was shown lu be pure tin and not a eutectic of tin and 
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arsenic. Several crops of crystals of the arsenide were prepared 
and analysed, with results which indicated, the formula Sn 3 As 2 . 

Jolibois and Dupuis { Compt . rmd., 1911, 152, 1312) seem to have 
made the first systematic thermal study of the system up to about 
50 per cent . of arsenic. They report the existence of two compounds , 
Sn 4 As 3 and SnAs. The thermal results obtained, however, are 
not very trustworthy. 

According to the thermal investigation made by Parravano 
and do Cosaris {Rmd. It. Accad. Lined, 1911, [v j. 20, 593 ; Gazzdia, 
1912, 42, i, 274) the melting point of tin is raised by the addition 
of arsenic, and the curve of the melting points of the alloys rises, 
at first- steeply and then more slowly, to the limit reached in the 
experiment. Their curve is more or less a continuous one and has 
no breaks or sharp maxima. Three horizontals are found in the 
diagram . The first, at a temperature corresponding with the melting 
point, of tin, runs from pure tin to an alloy containing about 30 
per cent, of arsenic. The second runs from that alloy to another 
containing about 40 per cent, of arsenic, and ihe third is between 
the 40 and 50 per cent, alloys. Parravano and do Cesar is have 
inferred from these three horizontals the existence of the compounds 
Sn 3 As 2 and SnAs. The region of existence of the compound SnAs 
is somewhat restricted and the compound is dissociated on fusion. 

The work mentioned above appears to he all that has been 
published on this subject. There is no doubt that the study of 
a system containing arsenic is quite an intricate one and many 
experimental difficulties have to he faced, partly because many 
of the properties of the element itself have not been satisfactorily 
investigated (even the melting point of arsenic is not known with 
certainty and there is very little information available about its 
different allot ropic forms) and partly because in ordinary circum- 
stances arsenic passes from the solid to the gaseous state at about 
450 J (Koseoe and Schorlemmer. A Treatise on Chemistry." 1905, 
I, 073). Thus, owing to the volatile nature of arsenic, it becomes 
very difficult to work with it at higher temperatures. Most of 
the systems containing arsenic have therefore been studied up to 
about 50 per cent, of arsenic only. 

The author has made a complete study of the system tin-arsenie 
from pure tin to practically pure arsenic, and his diagram is the 
first complete one of an arsenic system. The investigation has 
satisfactorily and completely solved the problem of the interaction 
nf tin and arsenic and verified work previously done, and it is 
hoped that it will remove the doubts of chemists and metallurgists 
as regards any other possible compounds of the two elements. 

X* 2 
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Experimental. 

Preparation, of Alloys . — The alloys were prepared in Ullm&nn 
tubes as has been fully explained in the author’s paper on the 
system thallium-arsenic, presented at the 1022 autumn meeting 
of the Institute of Metals. 

Very pure tin and doubly sublimed arsenic were used. The 
quantity of alloy that could be prepared in one operation did not 
exceed 20 to 30 grams, as the coarsely powdered arsenic occupied 
much space, and the unusually long tube thereby rendered necessary 


Fiu. 2. 



Fie. 3. 


Shmcintj the fin th od of tukiny cooling curve#. 

Fig. 1 . — Preparation of the [[loss lubes in wit ich the alloy* wire healed. 

Fig. 2. — -Heating arrangement, 

Fte. 3 . — Recording arrangement. \ - yul milometer. V = miUiVoUmctir. 
U =_i resistance. K and K' -- keys. L -- light. S — water-drop curve-tracer 
screen. 


was liable to crack. Tims, at the arsenic end of the series, only 
20 grams of the alloys could be prepared, but at the tin end 30 grace 
were manipulated. 

7 Vi c rma l A mi lysis. 

Haskin’s chrome- nickel and const an tan couple (Burgess amt 
Lc Chatelicr, “Measurement of High Temperatures,” 1912, p. 17W 
was used throughout this investigation for the reasons mentioned 
in a previous papt-r (T., 1922, 121,2272). The hot junction 
applied in close contact outside the glass tubes in which the alloy* 
were prepared. The cooling curves were obtained in the saint 
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points appearing on the curves, which might be due to other causes, 
curves of pure tin and of pure arsenic were taken in exactly the 


Fro. 5. 



10 20 30 H) .TO tiO TO SO 00 


.1 tom >•' p‘ /' ci nt. >>j <trs( n n‘. 

Equilibrium dut'jnim of tfa'.ayntun tin-arm ni(\ 

same circumstances, from these data the equilibrium diagram 
of the system tin-ansenie was plotted as given in fig. o. 

Alloys containing more than SO per cent, of arsenic melt at 
temperatures so high that the glass tubes begin to soften and the 
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arsenic is blown out; therefore no direct analysis of these high- 
percentage arsenic alloys could be made. This portion of the 
curve was, however, studied by heating the mixtures of arsenic 
and tin to different high temperatures and noting the minimum 
temperatures at which a uniform alloy was formed. This gave 
the position of the liquidus ; the position of the solidus was 
determined by chilling the alloys. 

Alloys for this investigation were prepared in sealed glass tubes 
in the same way as other alloys, but a cap was screwed to the iron 
tube in which the glass tube was packed, so that arsenic could 
not be blown out on account of the tightly packed sand. A couple 
could not be attached to the glass tubes without destroying the 
efficiency of the packing. 

Chilling . — Except in the case of a few alloys of very low melting 
point, all alloys to be chilled were sealed in glass tubes, which 
were packed in sand in iron tubes, and heated to a temperature a 
little higher than the melting point of the alloy. They were then 
cooled very slowly to the temperature at which chilling was required, 
the containing iron tubes were kept at that temperature for fifteen 
to twenty minutes, and then quickly dipped in a bucket of cold 
water. 

This method of chilling is not very satisfactory, as the sand does 
not lose heat sufficiently quickly. But the alloys could not be 
heated in any oilier way without losing a considerable quantity 
nf arsenic. 

Jit- suit of (hr Thermal Analysis. 



Criti< 

-a! points 





Percent age 

observi 

d ia degrees 

Percent age- 

Critic a 

points oh 

serve 

of arsenic. 

icntigrado. 

nt’ arsenic. 

in de;. 

iv es cent is. 

rade 

nil * 


232 

38-00 * 

GU5 


472 

00 

428‘ 

231-5 

41-72 

500 

5 Mi 3 

472 

0-03 

520 

225 

44-57 

500 

570 

474 

14-55 

557 

232 

4<i-os 

587 

578 

474 

15-39 

570 

231-5 

47-uO 

570 

578 

470 

18-31 

580 

230 

40-43 * 

578 


471 

2.V2S 

580 

231-5 

40-30 * 

570 

570 

408 

20-91 

505 

232 

57-03 

044 

570 

472 

20-39 * 

500 


04-37 

072 

578 

472 

30-87 

505 

5‘ti I 

OS 34 

002 

578 

47.V 

32-43 

505 

580 

74-32 

7t*o 

5S2 

455 

34-32 * 

501 


77-OS 

720 

505 

473 

35-11 

505 

501 






Alloys marked ♦ froze at a single temperature. Alloys containing $5, 
DU, Do, and 100 per cent, oi arsenic, chilled at 75u : , 77s , SOU 3 , and SoU , 
respectively, were completely molten. 


(Ju mind Analy*i-*. 

About half a millimetre of the surface of the alloy was tiled off 
to remove oxides and impurities if there were any. One to two 
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grams of the finely powdered alloy were treated with 30 c.c. of 
nitric acid {d 1*4) and 15 c.c. of water. Alloys containing up to 
about 30 per cent, of arsenic dissolved easily in this medium on 
wanning, but alloys containing a higher percentage of arsenic 
were brought completely into solution only after heating with nitric 
acid (d 1 ’4) for several days. The greater part of the acid was removed 
by evaporation, some metastannic acid separating, and to the 
cooled residue 5 to 10 e.c. of aqueous ammonia were added, care 
being taken that the solution remained acid. The solution was 
then diluted with about 200 c.c. of water, well shaken, and left 
over-night. Tn this way, in the presence of nitric acid and 
ammonium nitrate, tin is precipitated completely if the solution is 
not very concentrated. The precipitate was collected, well washed 
with warm water, and weighed as Sn0 2 . Prolonged washing of 
the precipitate is necessary for complete removal of arsenic acid. 
The filtrate and washings were evaporated, cooled, and made up 
to 500 e.c. Twenty-five c.c. of this solution were neutralised 
with sodium hydroxide, 25 c.c. of strong hydrochloric acid added, 
the mixture was well cooled, and, 3 grams of potassium iodide having 
been added, the liberated iodine was titrated with standard sodium 
thiosulphate. 

According to Williamson, the action 

As 2 0- 4HT - As 2 O a 2H.0 - 21 

takes place in the presence of an excess of hydrochloric acid in 
the cold. 


It rs id fa of Aiuthpi*. 
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With each sample of hydrochloric acid used, a blank experiment 
had to be performed, as strong hydrochloric acid also acts on 
potassium iodide and sets free iodine. 

With a little practice, the proper strength of the sodium thio- 
sulphate solution which should be used with the arsenic acid 
solution of a given strength can be ascertained, and then the method 
is trustworthy. The strengths of both solutions should be as 
nearly equal as possible, a stronger thiosulphate giving low results 
and a weaker thiosulphate high results. 

Micrographic Analysis. 

With the exception of a few alloys containing much free tin, 
because of a certain amount of flow in them, and a few alloys 
containing much free arsenic, owing to their being very brittle 
and of a spongy nature, all the alloys were quite easily polished. 
A suitable piece was cut and roughly flattened on an old, blunt 
lile. ft was smoothed on a coarse emery paper and then rubbed 
successively on the French blue emery papers 0, 00, and 000. 
These emery papers, after being used for some time, produce 
better results than when they arc new. A very good surface 
could sometimes be obtained with an old 000 paper alone. But 
in most cases the fmal polish was given by diamantine powder, 
used wet on a revolving pad. 

The surface was then etched with very dilute ferric chloride 
and a trace of hydrochloric acid or with bromine water. In a 
few cases, copper ammonium chloride and hydrochloric acid were 
also used. 

In alloys showing free tin. the latter was darkened while the 
other constituent remained bright. Other alloys, containing 
high percentages of arsenic, were* very difficult to etch with the 
ferric chloride reagent ; however, after action lasting about two 
hours, the a-'i and As eutectics and the solid solution 5 were 
also darkened . These alloys were etched better wit h bromine water, 
which had the same effect of darkening the x-£ and fi-As eutectics 
and 8. 

The photomicrographs given in Figs. i\ and 7 illustrate the 
structure of the different alloys. 


Conclusion. 

This work clearly establishes that : 

1. 1 in and arsenic alloy in all proportions. 

2. These elements form only two compounds, Sn a As., and 
SnAs, as proved by two distinct maxima in the curve of thermal 
equilibrium, by chemical analysis, ami by the photomicrographs. 
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3. The melting point of arsenic lies between 800° and 850°, but 
arsenic, once molten, supercools considerably, like antimony, 
before it begins to solidify again. 

4. The melting point of tin is practically not lowered by the 
addition of arsenic. At the tin end of the series, all the arsenic 
added seems to combine with tin and form the compound a, 
which dissolves in molten tin. 

At the concentration of 20' 5 per cent, of arsenic, the alloy freezes 
at a single temperature and is the compound a itself. 

The rest of the system up to an alloy containing about 39 per 
cent, of arsenic is of the usual eutcctiferous type. At that com- 
position, the second compound of tin with arsenic — SnAs — is 
formed. This compound forms a partly eutcctiferous system 
with arsenic, with the formation of the solid solutions, y and 5, 
at both ends respectively A' The arsenic contained in these solid 
solutions is probably in the vaporous state above about 472°, and 
they are, so to speak, in a dissociated state ; below that temperature, 
the alloy solidities and the solid solutions assume the stable form. 
These alloys, chilled below 472', have a uniform structure similar 
to that shown in Fig. 7d, but when chilled just above 472° they 
are porous, like sponge. 

It is these solid solutions that have arsenic vapour present 
as one of their constituents and therefore it is they that arc in a 
dissociated state, so to speak, and not 3, as suggested by Parravano 
and de Cesaris. All alloys containing these solid solutions give 
a thermal arrest at 472°. What those authors were dealing 
with was the solid solution, y, just near the composition of (3. The 
composition of the 3 prepared by the author was 384)9 per cent, 
of arsenic and the remainder tin, instead of the theoretical per- 
centage, 38*00, of arsenic. Kveu this slightly impure |i gave a 
distinct thermal arrest at 472% duo to the vapour of arsenic, present 
in y, solidifying at that temperature. 

o. A point of great practical interest width has been revealed 
by the study of this system is that the alloys of tin with arsenic are 
very similar to those of tin with phosphorus (,/. Jn*lituir Milal«, 
1920, 23, 325) in most of their properties and in their crystalline 
structure. The thermal curve of the Sir L* system is very similar 
to that of the Sn-As system, and the photomicrographs of one 
system compare very well indeed with those nf the other. The 

* It ia interesting to note that at the eutectic limits, / and the com- 
position of the alloys is about 47 per cent, and 7(1 per cent, of arsenic, respec - 
tively, and thus they tuay be considered as the hipldy dissociated compounds 
SmAs, and SnAs,, respectively (Sit,. Vs, reman s As 4SM»u. Sn.-Vs, requires 
Aa — 71-40 per cent.). 
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physical properties agree quite well, in accordance with the 
similarities of the temperature -concentration curves and of micro- 
structure. 

Again, the two systems, (hi I* {%. unary. Chem., 1307, 52, 131} 
and Cu-As (J. Inslitule Metals, 1310, 3, 34), are also similar. It 
has also been noted that arsenic has no very injurious effect on 
copper {ibid., 1913, 10, 275). On account of the similarity of the 
two systems it should be possible to make arsenical bronzes having 
properties similar to those of phosphor-bronzes. 

There is only one other point to be discussed, and that is the 
effect of pressure. The system was studied with the aid of alloys 
prepared in sealed glass tubes, in which the pressure could not 
remain constant. The glass tubes in which the alloys were prepared 
were exhausted to a pressure of about 15 mm., and therefore the 
pressure in them would be less than one atmosphere {' Physikal- 
isehe Chemie Tabellen, !> 1912, p. 375) up to about GOO 5 , which is 
the melting point of the compound SnAs. Above that temperature, 
the pressure may become greater than one atmosphere. 

Now it remains to see what effect this variation of pressure 
should have on the system Sn-Sn 3 As 2 and the eutectiferous 
system Sn 3 Ap 2 -SnAs. As a reduction of pressure of about 
one atmosphere has practically no effect on the melting point 
of metals, these systems should not be affected by such a 
change of pressure. Only the eutectiferous system S-As should 
be affected, in so far that at higher pressures more arsenic 
vapour must dissolve in (5, and thus y and richer in arsenic, 
will be formed. The question, however, is what difference will a 
change of pressure of about half an atmosphere cause in the 
composition of y and a and therefore in their properties. The 
change will actually be so small that the properties of y and o will 
remain practically the same throughout and the system 3-As 
will also remain unaffected by the slight changes of pressure. The 
equilibrium diagram of the system tin -arsenic worked out by the 
author therefore represents the true equilibrium of the system. 

The author had tie* privilege of working at this problem in the 
Goldsmiths’ Research Laboratories of the Cambridge I’niversity. 
He is very much indebted to Mr, 0. T. Hevcock for his sympathetic 
guidance and advire throughout the work. 

■/.V< (hlubtr '2nd, 192L\j 
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X X V] II. — peri- A 7 aphthindigolin. 

By SlKHIBHUSHAN I)UTT. 

Although the analogous thioindigotin lias been prepared (Meister, 
Lucius, and Bruning, D.R.-P. 1 98050), pm-naphthindigotin has 
not hitherto been made. Wichclhan* {Ber., 1893, 26, 2547) 
obtained at- and p-napht hindigotins from the corresponding 
naphthylglycines bv fusion with potassium hydroxide, and sub- 
sequently, by employing Blank's method {Ber., 1898, 31, 1812), 
he improved the yield [Bcr., 1899, 32, 1239). The Badische 
modification of the Hcumann synthesis lias been applied by Fierz 
and Tobler (lhh\ ( 'him. Ada, 1922, 5, 557) to the preparation of 
{S-naphthmdigotin, but Fierz and Sallnnum’s attempts to prepare 
peri -naphthindigotin were unsuccessful {ibid., p. 500). 

This substance has now been prepared, although in very poor 
yield, from naphthastyril by the modified Heumaim process. The 
naphthastyril was prepared by Pisovseln’s method (Bull. Boc. 
chim., 1911, 9, 89), and although he claims a quantitative yield, 
the present author could not obtain more than 50 per cent, of the 
theoretical quantity. 

per i - Xapht hindigot in closely resembles the a> and js-isomerides 
in physical and chemical properties. However, the lightness and 
the fugitive character of the shade which it produces on the fibre, 
together with its extremely poor yield, render this substance value- 
less technically. 

K X r K R I M K N T V L. 

Xaphthadyrylacdic Add, C 10 H fi <9jj ^ ^ — A solution of 

8 grams of naphthastyril in lUO e.e. of 10 i>er cent, potassium hydr- 
oxide was treated with 5 grams of chloroaectic acid. The mixture 
was warmed for about five minutes, hydrochloric acid added, and 
the white precipitate crystallised from alcohol: in. p. 25S L (Fierz 
and Sallmann, loc. cit., give 259°) (Found: C ----- 98 i ; H - 4*4 
Calc., 0 — 68*4 : H 4'3 per cent.). 

Disodium a - Xaph thylgh/ci nc-$-ca rhon/la te . 

CUXa‘C 10 H 6 »\H-CH 2 -CU\a. 

— The solution of the sodium salt prepared from 11 grains of 
naphthastyrylaeetie acid, 4-4 grams of sodium hydroxide, and 15 e.e 
of water was poured into about 150 e.e. of absolute alcohol, when 
the disodium salt, already described by Fierz and Sallmann (/or. 
cih), was precipitated as a white powder with fatty lustre. 
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port - Xapkth ind i <jot i n , 



W\ 

XH 


>c:c< 


/CO- 

XH 


Twelve grains of the above disodium salt having been slowly added 
to a mixture of 40 grams of dry sodium hydroxide and 20 grams 
of sodainide maintained at 260°, the temperature was gradually 
raised to 280°, kept at this point until frothing ceased, and then 
rapidly raised to <100°. The mass was kept at this temperature 
for one minute, cooled, and boiled with water containing sodium 
hyposulphite. The filtered solution, after extraction with ether, 
was treated with aqueous potassium ferricyanide. The precipitate, 
which weighed only 0*7 gram after washing and drying, was a 
dark blue, almost black substance, only sparingly soluble in aniline, 
nitrobenzene, or quinoline. It could be obtained only in crystalline 
aggregates, not in definite crystalline form, from any of these 
solvents. It dissolves in alkaline hyposulphite with a reddish- 
brown colour, and dyes wool and cotton in light green shades 
which are rather fugitive to light. When strongly heated, the 
substance decomposes with evolution of a reddish-brown vapour. 
It dissolves in strong sulphuric acid with a bluish-green colour, 
and when rubbed between hard surfaces it acquires a copper- 
coloured, metallic lustre (Found : C -- 78*5; II -- 3*0; X = 7*3. 
C 24 H 14 0 2 N 2 requires 0 = 79*55; H ~ 3 8; X — 7*7 per cent.). 


The author expresses his best thanks to Mr. Satyendra Xath 
Bose for his kind encouragement during the progress of the work. 
The Chemical Laboratory, 

Dacca University, Bknual. [Received, Xovemler 27 th, 1922.] 


XXIX. — Dyes derived from Diphcnic Anhydride. 

By SiKinimi-siiAS Drrr. 

Di wi enic anhydride, which has properties very similar to those 
of phthalie anhydride, has not hitherto been condensed with amino- 
or hydroxy-compounds, with a view to obtain colouring matters 
analogous to the phthalcins. T his observation together with the 
fact that diphenir anhydride contains a seven-memberod ring led 
the author to undertake the present investigation, with the hope 
that such condensation products would possess interesting tinctorial 
and fluorescent properties, similar to those’ of the substances 
obtained from six-membored dibasic aeid anhydrides like naphthalic 
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anhydride (Tcrrisse, AnualcH, 1885, 227, 1102; Graebo and Aubin, 
ibid., 1888, 247, 286; Jaubert, Ber., 1893, 26, 992), or camphoric 
anhydride (Sircar and Butt, T., 1922, 121, 1283). 

Methods suitable to the purpose have been worked out and 
diphenie anhydride has been condensed with phenol, resorcinol, 
m-dimethylaminophcnol, and phloroglucinol. The condensation 
product with resorcinol lias been brominated and a tetrabromo- 
compound obtained. 

In comparison with the corresponding phthaleins it is found 
that although the lluoroscenee in these compounds is only slightly 
weakened, the tinctorial properties are considerably diminished. 
In fact they yield such light and fugitive shades on wool that they 
are quite valueless as dyestuffs. 


K X l’ERI M E N T A L. 


Phenoldipkenritt, 


Y» H « 

co-o 


>C(C’ 6 H 4 -OH) ; 


■A mixture of 8 grams 


of 


diphenie anhydride, 16 grams of phenol, and 12 grams of stannic 
chloride was heated at 120 — 130 ? for sixteen hours. Excess of 
phenol was distilled off in steam, and the residue, having been 
extracted with sodium bicarbonate solution to remove diphenie 
acid, was dissolved in dilute ammonia, and the filtered solution 
acidified with hydrnchlorir acid. The precipitate crystallised from 
dilute alcohol in pinkish-white needles containing two molecules 
of water of crystallisation. It shrinks at 100", and melts at 131" 
with evolution of carbon dioxide. 

The substance is very soluble in organic solvents, and dissolves 
in sodium hydroxide solution with a reddish-pink colour (Found : 
C — 72*o, 72*6; II 4*7, 4-9. (.' 2 R H j fi ( ) 4 ,1? H 2 0 requires C — - 72*6; 
H -= 5-1 percent.}. The dined yl derivative crystallises from alcohol 
in colourless prisms melting at 142' (Found : C — 75*1 ; 11 = 5*0. 
C 30 H 22 O 6 requires C -= 75*3 ; li 4*6 per cent.). The dibor.oyl 
derivative crystallises from light petroleum in colourless needles, 
m. p. 186 — 188" (Found : C -- 79*2; 11 = 4 3. (^ 0 ll 2{ ,O (i requires 
C' = 79-7 ; H = 4*3 jkt cent.). 

Jiesorcinoldi phruin. \ bjy ^ — \ mixture of 

1 CO-O t G H 3 (OH) 

10 grams of diphenie anhydride, 12 grams of resorcinol, and 10 
grams of fused zinc chloride was heated at 160 -170" for three 
hours. The cold melt was powdered and boiled with dilute hydro- 
chloric acid to remove zinc chloride, ami t hi: product, dissolved 
in dilute caustic sudh, was converted by lead acetate into the lead 
lake, ail alcoholic su.sjwusioii of which was then decomposed by 
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hydrogen sulphide. Itesorcinoldipkenein was precipitated from 
the solution with hot water and obtained in brown, glistening prisms, 
m. p. 172°. 

The substance is very soluble in the ordinary organic solvents. 
It dissolves in caustic alkalis and the yellow solutions show a 
brilliant green fluorescence (Found: C = 70-1 ; H ~ 4*2. 
C 26 H l6 0 5 requires C — 764; II — 3-9 per cent.). The diaedyl 
derivative crystallises from alcohol in pale yellow needles, m. p. 
132° (Found : C = 73-2; H « 44. C a0 H 20 O 7 requires C - 73-1 ; 
H = 4 0 per cent.). 

T etrabromoresorcia old i pkcneln , ^ i 2 Hg^^<^C 6 HL r 2 (OH)>>^ 

1 (JO-O C 6 KBr 2 (OH) 

Une gram of resorcinoldiphenein, dissolved in 20 c.c. of glacial 
acetic acid, was treated with 9 e.e. of a 20 per cent, solution of 
bromine in the same solvent. The mixture was warmed on the 
water-bath for about ten minutes and poured into water. The 
product, m. p. 140 °, which could not be crystallised, was a pinkish- 
yellow substance which dissolved in the common organic solvents 
to give yellow* fluorescent solutions. It dissolves in alkali hydr- 
oxides with a blood -red colour, but the solution is without fluores- 
cence (Found: Br ~ 44-G. requires Br — 44-2 per 

cent.), 

4 : 4' -Tctramcthyldiami /w-2 : 2' -oxidodi pfa-uyldi phene in, 


9 1 2 ^ cH a PU k®) 'So 

CO-O CjUjIXMeJ 

—A mixture of diphenic anhydride (4 grams), dimcthyI-?/oamino* 
phenol (5‘2 grams), and fused zinc chloride (4 grams) was heated 
at ICO — -ISO 0 for about three hours. The powered melt was washed 
with dilute sodium hydroxide and water and boiled with alcohol. 
The filtered solution, diluted with hot water, deposited the colouring 
matter in large, pinkish-violet plates, m. p. 12;>/ 

The substance is soluble in a large quantity of dilute hydro, 
chloric acid, forming a pink solution which shows an orange 
fluorescence. It is also soluble in organic solvents, in which the 
fluorescence is much stronger (Found : M — 6*0. 


requires .N — 0-06 per cent.). 

I’hloroghicitioldiphrHci?!, ]11 * xturc 

of 4 grams of diphenic anhydride, <“> grains of phloroglucinoL and 
4 grams of fused zinc chloride was heated at 100 -170 for about 
two hours. The substance, puriued through the lead lake, crystallises 
frmn alcohol in yellow, microscopic needles, which do not melt, 
below 2S0'. It dissolves in alkali hydroxides with a blood -red 
colour, but the solution is without fluorescence. It is fairly soluble 
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in the common organic solvents (Found: C = 71-1 ; H — 4-0. 
C 26 H 16 0 7 requires C = 70*9 ; H = 3*6 per cent-.). 

In conclusion, the author begs to express his best thanks to 
Mr. Satyendra Nath Bose for the kind interest he has taken in 
the work. 

The Chemical Laboratory, 

Dacca University, Bengal. [Rariccd, X ovember 21th, 1922. J 


XXX . — The Upper Limit of DiazoUsabilitfj in the 
Benzene Series. Diazo-d erivatives of Mesilylene . 

By Gilbert T. Morgan and Glyn Rees Davies. 

Chemical literature contains innumerable references to the di- 
azotisation of aromatic monamines and diamines, but there is no 
information available in regard to the degree of diazotisability of 
monocyclic triamines. For although in their classical study of 
rosaniline bases E. and 0. Fischer prepared trisdiazonium salts, yet 
in these products each diazo-complex was borne by a separate 
aromatic nucleus (Ahh^/ch, 1878, 194, 269; compare Caro and 
Wanklyn, Chem. Xeu'$ t I860, 14, 37). The investigations described 
below have been directed towards the problem of diazotising to the 
fullest extent a triamine having all its amino-groups in the same 
benzene ring in order to ascertain whether the aromatic nucleus can 
carry at one time more than two diazonium radicles. 

In selecting a triamine for this purpose due regard was paid to the 
factors likely to complicate this diazotising process by the inter- 
vention of other reactions such as the formation of aminoazo- 
compounds, diazoamines, nitroso- derivatives, or internal cyclic 
diazoimines. The last of these contingencies excludes all bases 
containing consecutive amino-groups. The formation of aminoazo- 
compounds or nitroso-derivativos would be avoided by employing 
a triamine containing no labile hydrogen atoms in ortho- or para- 
positions with reference to the amino-groups. The tendency to 
form diazoamines would be lessened by avoiding the use of acidic 
substituents such as halogens or mtro-groups. A consideration 
of all the foregoing possibilities of side reactions led us to select 
triaminomcsitylene (XV) as the most suitable base for our experi- 
ments. In this triamine each amino-group is in the meta-position 
with respect to the other two and the intervening ortho-positions 
are occupied by me'thyl groups. 

The complete substitution of the benzene ring in triaminomesityl- 
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one suggests the possibility of steric hindrance, but a preliminary 
study of other mesitylene bases shows that this factor plays no 
appreciable part in modifying the course of diazotisation in the 
mesitylene series. The completely substituted nitrodiamino- 
mesitylene isdiazotised with the same readiness as diaminomesitylene 
and nitromesidine, two bases which each contain one unsubstituted 
position in the aromatic nucleus. 

Nitromesidine yields nitromesilylen edi a zonium chloride (II), 
which is identified by conversion into chloroaurale and dichromate. 
These diazoniuin salts give rise to such well-defined and 
characteristic derivatives as nitromesitylenc azoimidn (I) and 
nitromesityleneazoacetoacetanil ide (III). 


ch 3 

ch 3 

CH, 


/\ N . 
W^ICH* 

Axd 

CH 3 l X/ jCH 3 

OH,l JCH, 

»C(OH)-CH, 

COXIfPh 

NO* 

NO* 

xo 2 


(I.) 

(II.) 

(in.) 



Diaminomesitylene yields successively monodiazonium and bis- 
diazonium salts (V and VI), the former identified as its 
rmphlhol (IV) and the latter by conversion into histriazomesitylene 
(VIII) and triazomesitylenei nduzoh (VII or Vila). This indazolc, 
wliich is formed when the diazotisation. is carried out with nitrosyl 
sulphate in strong sulphuric acid, illustrates a tendency often 
noticeable in bases containing contiguous methyl and amino- 
radicles. 


CH, 

C\ SH > <- 

CH Z { JCH a ^ 

xl-CioH^OH 
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CH., 


XH, 
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CH, CH.. ^ 

/\ XH,. '\/X~ 

fur j j X or /'ir j I XH 
( H 3\ / CH ( / CH 
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X,01 
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CH, 

: \x, 

( ’H., : jt’H, 

X, 

VIII.) 


Xitrodiaininomcsitylene (X) is readily diazulised in two stages: the 
monodiazonium and bisdiazonium chloride (IX and XI) being 
identified by conversion into (XII) 

and nitromexitiihnrhnazoimvlr (XIV). respectively. 
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(XIII.) 

(XIV.) 


The fact that nitrodiaminomesilylenc is diazotisablc simultaneously 
in both its amino -groups is proved by coupling with resorcinol after 
removing excess of nitrous acid with urea; the product is nitro- 
m es i tyl e n eb i sazoresorc inol ( X 1 1 1 ) . 

Twofold Diazotisation of Triaminomesitylenc Hydrochloride. 

Diazotisation of triamiiiomesilylcnc with nit rosy 1 sulphate in 
strong sulphuric acid leads to an iudazolc derivative and accordingly 
the process is more smoothly effected in aqueous hydrochloric acid. 
With a large excess of acid and nitrite, only two of the amino-groups 
become diazotised and this twofold diazotisation was demonstrated 
by the isolation of aminomcsityknehUdiazoniam chlorou uralc (XVIJ) 
and by the formation of (uninomesityhnebisazoimide (bistriazo- 
mesidine, XIX). Xo evidence could be obtained that any three- 
fold diazotisation had occurred, but after-treatment of the bistriazo- 
derivative with nitrous acid leads to diazotisation of the remaining 
amino-group and in the presence of sodium azide the subsequently 
formed diuzonium group is replaceable by a triazo-radicle, giving 
rise to trial riazohiesityh n? (XVIII). This tristriazo-derivalive, 
which has the remarkable molecular formula lf^ ^Xg, is a polymeride 
of hydrocyanic acid, although apart from the numerical coincidence 
there is no chemical relationship lHwerji tlie two compounds. 

cu 3 <U 3 ni, 

XH/ .XH, «- w > XH./ X,Cl _ XH./ .XrAul'l, 

CHJ', >:»; im' CHj, CH : , *• Cil/ Jcftj 

XII., XXI \ j X,-AuC1 4 

(XV.j (XVI.) \ / (XVII.) 

cir 3 \ nr.,; 

'-</ »X* ! tx 'v. xh/\x, 

C 0 a* ;CH 3 Its, ('ll, I Hi, 

-'3 -\l 

(xvur.) (xix.) 
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The conclusion to be drawn from the foregoing results is that the 
benzene ring does not readily carry more than two diazonium groups. 
The existence of aromatic diazonium salts is certainly connected 
with the unsaturated character of the aromatic nucleus, and al- 
though this unsatn ration su dices to give permanence to one or even 
two diazonium complexes, it is apparently insufficient to confer 
stability on a third diazonium radicle. 


Experimental. 

I . — Diazotiwtion of Xitromesidine. 

Dinitromesitylenc, obtained by Filtig’s method (Annalen, 1807, 
141, 134), was partly reduced by Fliirscheirn’s process (./. Soc. 
('hem. Ind., 1912, 31, (id. Eng. Pat. 9250 1911): a solution of 
0 grams of crystallised sodium sulphide and 0-S gram of sulphur 
in 15 c.c. of "water was added with mechanical stirring during two 
hours to 5 grams of dinitromesitylenc, suspended in IS c.c. of boiling 
water; the mixture was then poured into 20 c.c. of cold water 
and nitromesidine extracted from the precipitate with dilute 
hydrochloric acid and obtained as a yellow, crystalline deposit on 
neutralising the arid extract with ammonia. Xitromcsidine (m. p. 
73') was readily and completely diazotised; even the presence of 
nnly a slight excess of hydrochloric acid sullieed to prevent the 
formation of any diazuanimo-tompound. 

Xitromcsityknediazonium Cldoroaurtit*. NO./C , fl H(CH,) 3 *X.,'Au(1 J . 
-Two grams of nitromesidine, dissoUedin alcohol, were diazotised 
with 24 c.c. of concentrated livdroehloric acid and 0*8 gram 
of sodium nitrite. The cooled, iiltered solution was added to a 
concentrated solution of ebloruaurie acid, when a pulverulent, 
"ivonish.yellow precipitate was formed, oily at iirst but subsequently 
luroining solid (Found : An . ^ 37-1)1. t \,H ]t) ( hXyijAu requires 
Au - 37- It) ])cr cent.). This ehloionurate was moderately soluble 
in alcohol and precipitated from solution by water: it intumeseed 
without melting when heated. 

X it rout i si (>jk m d iazon in m f)i >:h round f . \ ( )„•( 1 { (Clf 3 H( ’i\( ) - , 

- A bright crocus-yellow precipitate of this salt separated on mixing 
lilicred solutions of nitromesiiylcncdiazonium chloride and sodium 
bichromate; it turned brown on exposure to light and exploded 
<>n gentle warming. When moistened with absolute alcohol 
and then heated, it decomposed quietly (Found : Cr -- 25-32. 

( 1 i* quires Cr 25-45 per eenl . ). 

Tridzo/fitmnnxilyh nr (Xitromesityleiieazoiniido) (Formula I) — 
Sn, bum azide was added to an acid solution of nitromesitylene- 
diiizonium chloride, when a yellow oil separated and solidified on 
n)l, ]i»g below O'. This product was collected ami purified by 
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distillation in steam, the distillate was extracted with ether, 
and crystallised therefrom in colourless needles containing water 
and melting at 22 — 23° (Found : C = 25*2. C 9 H 10 O 2 N 4 ,H 2 O 
requires C ~ 25*0 per cent.). When crystallised* from anhydrous 
ether, the triazo compound melted at 23° and contained N — 27*52 
(C 9 H 10 O 2 N 4 requires 27*18 per cent.). This azide was soluble 
in all organic solvents ; it intumesccd when heated rapidly and lost 
two-thirds of its triazo-nitrogen with concentrated sulphuric acid. 

X it rotnes itylen eazo - 13 -naph th 61, N 0 2 * C 6 H (CH 3 ) 3 *N 2 *C 10 H 6 ‘ OH, was 
soluble in glacial acetic acid or in benzene and crystallised from 
a mixture of the latter and alcohol in tufts of red needles melting 
at 168° and giving a purple coloration with concentrated sulphuric 
acid (Found : X — 13*0. C 19 H l7 0 3 N 3 requires N = 12*54 per 
cent.). 

Xitromvsityleneazmcetmceta n Hide (Formula III), was obtained by 
coupling nitromesitylenediazonium chloride and acetoacetanilide 
(Knorr and Reuter, Ber. y 1894, 27, 1109} in alcoholic solution; 
it separated from benzene, alcohol, or acetone in yellow' crystals 
melting at 171° (Found: 0 — 01*5: H ~ 5*77 ; X = 15*69. 
C J9 H 20 O 4 N 4 requires C — 01*95; H = 544 ; X — 15*22 per cent.). 

Triazomcsityleneindazolc (Formula VII or Vila). — Attempts to 
prepare triazoaminomcsitylene by the partial diazotisation of 
diaminomesitylene have invariably resulted in the production of 
an indazolc derivative, especially when the diazotisation is carried 
out with chamber crystals. One gram of diaminomesitylene was 
suspended in 5 c.e. of concentrated sulphuric acid, a few* small 
pieces of ice were added to assist in the solution of the diamine, 
and 2 grams of chamber crystals were then added followed by more 
ice until the reaction commenced. When all the chamber crystals 
had been decomposed, the solution was poured into a mixture of 
equal volumes of alcohol and ether, giving rise to a white precipitate 
w'hich soon turned red. This product redissolved in ice-cold water 
to a dark crimson solution and on adding 1 gram of sodium azide 
a yellow precipitate was obtained which, unlike the other azides 
described in this communication, was insoluble in light petroleum, 
but dissolved in alcohol or benzene. RccrystalJiscd from the latter 
solvent, it separated in small, yellow' needles melting at 134 — 137' 
[Found : C 57*33 (wet process); X -37*17. M, in freezing 
benzene (c = 0*504) - 193, in boiling benzene (<* — 0*098) — 189. 

C 8 H 9 X 5 requires C- ~ 57*75 ; X — 374 jmm* cent. : M — 1K7. | 

1 1 . — })i<izotimtion of Diawinonfexitylrne. 

Diaminomesitylene was prepared by reducing dinit romexitylene 
with tin and hydrochloric acid in aquo-aleoholic solution (Fittig. 
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loc. tit,). After removing tin compounds and freeing the base with 
ammonia, the product was purified by repeated crystallisation from 
light petroleum. The most rapid method of purification was found 
to be sublimation in a vacuum, when a white, crystalline powder 
was obtained melting at 90-5°. 

A preliminary study of the diazotisation products of diamino- 
mesitylene (Morgan and Reilly, P., 1914, 30. 74) had shown that this 
diamine gave mono- or bis-diazonium salts which had been coupled 
with 3-naphthol. The diamine does not, however, diazotise so 
smoothly as mesidine or its nitro-derivative. At an intermediate 
stage (one mol. XaNO,) its acid solution assumed a red colour and 
gave neither a stable ehloroaurate nor a dichromate. With excess 
of nitrous acid, the red coloration faded to yellow and the solution 
gave derivatives of the bisdiazoniuni salt. This diazotisation 
proceeds in two stages and unless considerable excess of sodium 
nitrite is employed the azo-compound produced by coupling with 
alkaline fi-naphthol is a mixture of azo- and disazo-derivatives. 

Amimmcsihjleneazo-^-naphthol (Formula IV). — Two grams of 
diaminomesitylene were dissolved in 20 e.c. of 50 per cent, 
sulphuric acid and diazotised with 1 gram of sodium nitrite; the 
solution, added to alkaline [4-naphthol, gave a crystalline precipitate, 
which separated from glacial acetic acid and from benzene and 
petroleum in crimson needles melting at 173° (Found : X 1344. 
(’i 9 Hi 9 OX :t requires X 13*77 per cent.). 

M&titylenebindiazonium CMoroaurate , (CH 3 ') 3 , C 6 H{X./Au( , l 4 ) 2 . — 
To the yellow solution of the bisdiazoniuni salt was added a con- 
centrated solution of ohloroauric acid, when a light brown, crystal- 
line powder was precipitated, which was slightly soluble in alcohol 
or acetone (Found : An — 40*39. (' 9 H l0 X 4 Cl 8 Au.> requires Au — 

46*24 per cent.). 

Mcsitj/lcncbisdiazo/iiuni l)ichromati\ ((’H a ) ;i *(’ 6 H !X 4 I(Y.,0 7 . was 
obtained by adding a concentrated solution of sodium dichromate 
to the yellow solution obtained by diazotising the diamine in 
sulphuric acid with a large excess of nitrite. The product is a 
yellow, crystalline powder darkening in the light and exploding 
on slight friction (Found : Cr - 26*74. (' 9 H l0 O 7 X 4 ('!\, requires 
Or ----- 2(1* 67 per cent.). 

H ixl r iazom is ihjl nn (Formula V III).- --To 2 grams of diamine* 
mesitylenc, dissolved in ice-cold dilute alcohol, were added succes- 
sively 3 grams of sodium azide. 10 c.e. of concentrated hydrochloric 
acid, and ail aqueous solution of 2 grams of sodium nitrite, followed 
by a further addition of 3 grams of sodium azide. After one hour, the 
mixture was extracted with ether and the ethereal layer distilled 
in steam, the distillate being extracted repeatedly with ether. The 
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ethereal extracts were dried over calcium chloride and evaporated, 
when b istriazom esi tylenc remained as a yellow oil, becoming brown 
on exposure to air. This bisazide was not so explosive as m- or 
p-bistriazobenzene (Forster and Ficrz, T., 1907, 91, 1953 ; Silberrad 
and Smart, T., 1906, 89, 171) and was analysed without difficulty 
(Found : X = 41-50. C 9 II in X 6 requires X = 41-58 per cent.). 
Bistriazomesitylenc intumesced on heating and reacted violently 
with concentrated sulphuric acid, evolving white fumes ; it had a 
pleasant, fruity odour. 

1 IX . — Diazotisation of X i trod iaminom esi tylenc . 

Xitrodiaminomesitylene, formerly obtained by the partial re- 
duction of trinitromesitylene (Fittig. Joe. cit .), has now been prepared 
by nitrating diaminomesitylouc. An icc-cold mixture of 2*5 c.c. of 
nitric acid (d 1-42) and 2*5 c.c. of concentrated sulphuric acid was 
added very slowly with stirring to 5 grams of diaminomesitylene, 
dissolved in 30 c.c. of concentrated sulphuric acid cooled by a 
freezing mixture. The aeid liquid was poured on to 500 grams of 
ice, and the deep red solution neutralised with ammonia. The 
brown precipitate was dried and dissolved in benzene, nitrodh 
aminomesitylene being precipitated by adding light petroleum 
(b. p. 40 — 60'}. Recrystallisation from benzene or alcohol gave the 
nitrodiamine in reddish -orange plates melting at 184° (yield 85 per 
cent, of theory) (Found : X = 21*59. F 9 H 13 0 2 X 3 requires X — 
21*54 per cent.). 

X itroa m i nomesityhnediazon in m ('Moron u rate Hydrochloride, 
(C4I 3 ) 3 (6(X() 2 )(X11 3 (1)'XoAu( , ! 1 / 

— Xitrodiaminomesitylene (0*5 grain) was dissolved in alcohol and 
diazotised with 0*18 gram of sodium nitrite and 0*8 c.c. of hydro- 
chloric acid. Carbamide was then ad< led to remove excess of nitrous 
aeid, and the jiltered solution treated with chloroauric aeid, when 
the ehloroaurate was obtained as a brown precipitate, sparingly 
soluble in alcohol (Found : Au ~ 34-13. C y H J2 0 2 X 4 C! 5 Au requires 
Au = 33-82 per cent.). This gold salt intumesced on heating. 

Kit roam i notnesityhnmzo- jdithol , 

(CH' 3 ) 3 (. , ti (XO j! )(XI£ 2 )*X’ ; ,*C J oH ( s*OIl. 

— The nitrodiamine, diazotised in hydrochloric acid with excess of 
sodium nitrite, was added to alkaline 'v-nnphthol. The brown 
precipitate, crystallise*! repeatedly from benzene, melted at 2US - 
209 v (Found: X 15-99. ( ' Jy l 1 Js ( ).,X 4 requires X 16-01) per 
cent.). 

tS-Xit rom es ityl e n < bisnzon xorc. inof (Fonnula X I II). — The nilro- 
diamine hydrochloride, diazotised with a large excess of nitrite, 
was coupled with aqueous resorcinol after removing excess ot 
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nitrous acid with urea, i he bright crimson azo-compound, crystal- 
lised repeatedly from glacial acetic acid, was obtained in brown, 
nodular crystals which did not melt below 290° (Found : N = lo-6o! 
C 2 iHi 9 0 6 IS t 5 requires N = 16-02 per cent.). 

Triazonilroami nomesitylene (Nitromesid ineazoim ide) ( Formula 
XII.) Sodium azide was added to a solution of nitroamino- 
mcsitylencdiazonium chloride, when a yellowish-brown precipitate 
was formed, soluble in the ordinary organic media. This monotriazo- 
compound, when crystallised successively from benzene and light 
petroleum, separated in light yellow rosettes melting at 83—84° 
(Found: N = 31-85. C 9 H n 0 2 N 5 requires X = 31-68 per cent.). 
Ihc azide dissolved sparingly in hydrochloric acid and was then 
diazotis&ble, yielding with p-iiaphthol a brown azo-derivative. 

Bidriazon it rom esitylcne (Xitromesitylenebisazoimide, Forjnula 
XIV).— To 1 gram of nitrodiaminomesitylenc, dissolved in 10 c.c. 
of 25 per cent, sulphuric acid, were added successively 0-7 gram of 
sodium azide and 1-5 grams of sodium nitrite. After the addition 
of nitrite, a further 0*7 gram of sodium azide was introduced and 
the mixture left in the freezing mixture for half an hour. The 
brownish-yellow precipitate was crystallised repeatedly from light 
petroleum, the bistriazo-dorivative being then obtained in light 
yellow needles melting at 50". It inlumeseed on heating and 
evolved nitrogen with concentrated sulphuric acid (Found X' — 
40-03. C 9 H 9 0 2 N- requires X = 39*07 per cent.). 

IV - — Diazolisation of Triaminomedtyhnc. 

1 ri a minomesi tylene is not readily prepared by reducing nitro- 
diami nomesitylene with tin and hydrochloric acid. The reaction 
proceeded only slowly, and during the long heating required to 
dissolve the tin the triainine was decomposed hydrolytically with 
formation of trimethylphluroglucinnl. 

The reduction of trinit romesityiem; to triaminnmosit ylene with 
tin and hydrochloric acid in presence of glacial acetic acid was first 
carried out by Wcidel and Wenzel ( Monaidt.. 1898. 19, 250). It 
found, however, that if heating was prolonged for three to four 
hours until the tin had dissolved, this Ini to partial hydrolysis and 
formation ol uiaminomesitol. This product was identified by- 
conversion into its bisnzide. 

lUdrtazohydfoxyntidlyU nc ( Histi iazomcsitul). i< 'H..U ’y(()H)(X. )>. 

Ihaminomesitol hydrochloride (I gram) was dissolved in cold 
diUrn Iiyiiiocliioi-h- acid and treated successively with 0-75 gram 
"I sodium azide, 1 gram of sodium nitrite, and an additionaUi-75 
^ iC az hle. .1 lie product , when crystallised repeatedly 
11,01,1 M 1 * petroleum, separated in well-defined, colourless needles, 
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becoming brown on exposure and melting at 67° (Found : 0 — 49*47 ; 
H = 4*97 ; N = 38*91. C 9 H 10 ON 6 requires C ~ 49*54; H — 4*59 ; 
N — 38*53 per cent.). 

This bistriazo- derivative resembled diaminomesitol in developing 
a deep red coloration with ferric chloride, the colour being discharged 
by acids. It was soluble in aqueous alkali hydroxides, reprecipitated 
by acid, and decomposed by concentrated sulphuric acid. 

We have noticed the difficulty experienced by Forster and Fierz 
(loc. cit.) in the estimation of carbon in these polytriazo-dcrivatives, 
the results being generally about 2 per cent, too high. This difficulty 
was overcome by a wet combustion of the substance (Morgan, T., 
1904, 85, 1004), the hydrogen being estimated by the ordinary 
dry method. 

A mi no m esit ylencb isd ia zoniu ?n Chloroa urate Hydrochloride 

(Formula XVII) . — Triaminomesitylene was most readily obtained by 
heating on the water-bath for not more than thirty minutes after the 
vigorous reaction had subsided, 10 grams of trinitromesitylene, 20 e.e. 
of glacial acetic acid, 48 grams of tin, and 100 c.c. of hydrochloric 
acid (d 1 • 19). Forty c.c. of glacial acetic acid were then added to the 
solution, decanted from undissolved tin, and the liquid was cooled 
in ice, when silvery leaflets of triaminomesitylene stannichloride 
separated. The mother-liquor yielded on concentration a further 
crop of the tin salt. This crystalline product was dissolved in 
500 c.c. of cold water, and the tin precipitated with hydrogen 
sulphide. The colourless filtrate from tin sulphide, which rapidly 
became yellow on exposure to air, was evaporated under reduced 
pressure in an atmosphere of carbon dioxide, when triaminomcsityl- 
ene hydrochloride was obtained in colourless needles. The triamine 
set free by stirring the hydrochloride into concentrated aqueous 
sodium hydroxide at 0 C was a colourless, crystalline mass, which, 
when crystallised from xylene, separated in yellowish- white needles 
melting at 118 119'. This base was very oxidisablc and readily 

lost its amino-groups by hydrolysis. Consequently in the following 
experiments the hydrochloride was employed. 

One gram of triaminomesitylene trihydrochloride, dissolved in 
2*5 c.c. of 10 X- hydrochloric acid and 20 c.c. of water, was diazotised 
with excess of sodium nitrite (one gram = 3*5 inols.). To the 
solution was added chloroaurie acid so long as the light brown, 
crystalline precipitate was obtained. This salt, which was stable 
at the ordinary temperature in the dark, exploded on gently warming 
and darkened on exposure to light (Found : (’ 12*31 ; H = 1*24: 

N = 8*38, 8*50 : Cl 32*2, 32*6; Au -- 44*97. Cyti^ClgAu, 
requires C ----- 12*46; K 1*27 ; N — 8*07 ; Cl — 32*75; Au — 45*4 
per cent.). 
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One gram of this trihydrochloride, diazotised in excess of hydro- 
chloric acid, sodium nitrite (3 mols.), and urea, was treated with 
chloroauric acid, when a brown, crystalline chhroaurate hydrochloride 
was obtained which exploded on warming (Found : Au — 43-37. 
C g H 12 N 5 Cl fl Au 2 requires Au = 43-63 per cent.). 

JHstriazommdinc (Aminomcsitylenebisazoimidc) {Formula XTX). 
— Triaminomesitylene hydrochloride (2 grams), dissolved in water 
acidified with 5 c.c. of hydrochloric acid ( d 1*16), was treated suc- 
cessively with 1 gram of sodium azide and 1*5 grams of sodium 
nitrite (3 mols.), the temperature being maintained at — 5 a . 
Another gram of sodium azide was then added and the mixture 
left for one hour. The pale yellow crystals which had separated 
were rccrystallised from light petroleum, when bistriazomesidine 
was obtained in colourless needles melting at 6S° {Found ; C = 49-6 ; 
H ^ 5-23 ; N =* 44-90. C 9 H n N 7 requires C = 49-77 ; H = 5-07 ; 
N — 45*18 per cent.). Bistriazomesidine dissolved sparingly in 
hydrochloric acid and was diazotisable further in the solution; it 
intumesced on heating rapidly and was decomposed vigorously 
with evolution of nitrogen by concentrated sulphuric acid. 

Tristnazommtiflene (Formula XVI 11). — Two grams of triamino- 
mesitylene hydrochloride were dissolved in the least amount of 
water, and the solution was treated with 10 e.e. of concentrated 
hydrochloric acid and 1-5 grams of .sodium azide. After cooling 
to —a 5 , the hydrochloride was diazotised with 3-2 grams of sodium 
nitrite (G mols.) and a further 1*5 grams of sodium azide were added, 
'[’he brownish-yellow crystals which separated were collected after 
several hours and distilled in steam to free them from tarry impuri- 
ties. The distillate, which was obtained in a crystalline form mixed 
with oil, was extracted with ether, and the ethereal extract dried 
and evaporated. Tin* residue was again distilled in steam, when 
colourless needles were obtained in the distillate. This product 
was crystallised from light petroleum, when tridrimomeyityh ne was 
obtained in soft, colourless needles, becoming brown on exposure 
to light and melting at 5iu (Found: C 14-90; H — 418; 
X = 51-48. ( gHgXg requires (’ till : 11 - 3*70 ; X - 51-85 
per cent.). Tristriazomesitylene was fairly stable and burnt 
quietly in the Dumas nitrogen estimation. With concentrated 
sulphuric acid, it reacted vigorously, evolving nitrogen. 
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XXXI . — The Reactivity of Doubly-conjugated Un- 
saturated Ketones , Part IV, The Effect of Sub- 
stitution on the Reactivity of 4 ' -Dimethylamin o- 2 - 
hydroxydislyryl Ketone, 

By Isidor Morris Heilbron and Abraham Bruce Whitworth. 

It was shown in Part T of this series of investigations (Heilbron and 
Buck, T., 1921,119, 1500) that 4'-dimethyIamino-2-hydroxydistyryl 
ketone is extraordinarily reactive, but that the effect is largely 
destroyed on replacing the hydrogen of the free hydroxyl by methyl. 
It is thus obvious that the o- hydroxyl group plays a very prominent 
part in determining the degree of reactivity of ketones of this type. 
In order to explain this, the formation of definite ring systems by 
means of subsidiary valency forces, involving the hydroxyl group 
and the carbonyl oxygen atom, was postulated (Formula I). The 
neutralisation of the residual affinity of this oxygen atom would, 
according to the Pfeiffer hypothesis, enhance the unsaturation of 
the carbonyl carbon atom (3) and this effect would finally become 
manifest on the free terminal carbon atom (1) of the conjugated 
system. 


Me 2 X*C 6 H 4 'C H !C H* C*CH: CH*C 6 H 4 * X Me, 

0 


(II.) 

Those deductions are a necessary extension of Horse he's theory 
(Annalcn. 1910, 375. 145), who explains the unrcaotivity of pp- 
tetramethyldiamiuodistyryl ketone and of pp'-dimethoxydistyryl 
ketone by assuming neutralisation of the residual affinities of the 
terminal carbon atoms of the conjugated system with the dimethyl 
amino-groups (II). 

In order further to test the validity of these views, the effect of 
substitution in the phenolic residue of the molecule has now been 
studied. Two points of interest here arise, first, the general effect 
of the introduction of acidic and basic groupings on the reactivity 
of the ketones, and, secondly, the special effect due to the position 
of the substituting group. 

With regard to the first point, this has been tested with the com- 
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pounds shown below, in ail of which substitution is in the o-position. 
The effects are summarised in the following table : 

4 '-dimethylamirio- 2 -hydroxydistyryl ketone — very stable additive 
compounds. 

4'-dimethylamino-o-methoxy-2-bydroxydistyryl ketone— stable 

additive compounds. 

5-bromo-4 , -dimcthylamino-2-hydroxydistyryl ketone- stable solv- 
ate additive products only. 

,>nitro-4'-dimcthylamino-2 hydroxydistyryl ketone — slightly re- 
active. 

It will be seen that neither by the introduction of basic nor of 
acidic groups into the molecule is the reactivity increased. Indeed, 
with the latter, a definite damping effect is noticeable, this being 
specially marked in the case of the nit ro -derivative. It is possible 
that, in this case, the strongly negative oxygen atoms of the nitro- 
group exert an attractive influence on the hydrogen atom of the 
hydroxy-group, thus diminishing the tendency to co-ordinate ring 
formation with the carbonyl oxygen atom. 

Turning now* to the consideration of the second point, which 
lias been investigated in detail in the case of the methoxy-deriv- 
atives, 4'-dimethy]amino-.>methoxy-2-hydroxydistyryl ketone is 
practically as reactive as the unsubstituted hydroxy- ketone itself. 
Like that substance, it is separated from the alkaline condensation 
solution in combination with one molecule of p-dimethylamino- 
benzaldehyde, which addendum is readily replaced by benzene and 
other solvent addenda. The 3-mcthoxy-ketone. which one w*ould 
expect to react quite similarly to the 5-nietlioxy-dcrivative, is 
actually, however, very much less reactive, and fails to form any 
additive compound with ^-dimcthyhmiinobeiizaldehyde. From 
solvents, however, crystals of various colours are obtained, obviously 
due to solvate addition, but, in all oases, the solvent is exceedingly 
rapidly lost. This ketone exists in two modifications of different 
melting point. It separates from methyl or ethyl alcohol solution 
in bright red needles melting at 151'. whereas, crystallised from 
benzene, chloroform, or ethyl acetate, it melts at 1055 Analyses 
of both forms show* that it is the free ketone which has been obtained. 
The relative unrcactivity of this substance in comparison with the 
5-methoxy-derivativc can only be explained by assuming some steric 
effect tending to restrain the hydroxyl-carbonyl ring formation. 
This suggestion is strengthened, as mentioned later, by t he anomalous 
behaviour observed in the attempted preparation of the simple 
3-methoxy-2-hydroxvstyryI methyl ketone itself. 

With regard to the properties of 4'-dimethvlamino-4-methoxv- 

K 2 
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2 -hydroxy (list yryl ketone, this substance is totally unreactive. 
It crystallises from various solvents in exactly the same crystalline 
form and colour, and shows no indication whatsoever of any tend- 
ency to form solvent or other addenda. We consider that the 
inactivity of this compound strongly supports the views expressed, 
for obviously, in this derivative, the conditions postulated by Borschc 
again obtain, complete neutralisation of all free valency forces 
taking place, as illustrated in the following formula : 


CH., 

CH' 


>— o 


• //\ 

i ii i 


-Mel) 


The ketones described in this paper were prepared in the usual 
manner by condensation of the substituted salicylaldehydc with 
acetone, and the further condensation of the resulting styryl methyl 
ketones with p-dimethylaminobenzaldehyde in presence of alkali. 
As the exact methods employed for each individual ketone are 
described in the experimental part, it is only necessary here to draw 
attention to the abnormality observed in the condensation of 3- 
methoxysalieylaldehyde with acetone. The product obtained in 
this case proved, on analysis, to contain an additional molecule of 
water, which was not removed either on boiling with acetic anhydride 
or in benzene solution with phosphoric oxide. It would thus appear 
that condensation had taken place, yielding the aldol rather than 
the unsubstituted ketone. Attempts to prove this point by the 
preparation of the dibnizoyl derivative failed to produce the desired 
product, the normal Mono-hmzoyl derivative minus the extra mole- 
cule of water being obtained. It is noteworthy that this molecule 
of water is also eliminated on condensation with p-dimothylaminn- 
benzaldehyde, the normal distyryl ketone being obtained. It is 
highly probable, however, that the product is actually (S-hvdroxv- 
fP3*methoxy-2-hydroxyphenylethyl methyl ketone, for, whereas the 
styryl methyl ketones usually become darker in colour on standing in 
air, owing to surface oxidat i< >n, t h is substance shows no such tendency. 
It would thus seem that tin* presence of the methoxy -group adjacent 
to the hydroxyl directly influences the character of the molecule 
both in the styryl methyl ketone as also in the distyryl derivative. 


K X V K R I M E X T A 1.. 

.j- A i(rf)-’2 hjdnuif>itifr>f! Mrthyl Kftom .--Twenty grams of d-nitm- 
salicvlaldehyde were dissolved by wanning in 200 c.c. of 2A'-sodiuru 



DOUBLY-CONJUG ATE D UNSATURATED KETONES. PART IV. 241 


hydroxide, and when quite cold, 40 grams (6 mols.) of acetone were 
added. The solution, which rapidly became deep red, was kept 
for three days and the free ketone precipitated by means of dilute 
acetic acid. After two crystallisations from acetone, it was obtained 
in yellow crystals melting at 227°, moderately soluble in acetone 
or ethyl acetate, very sparingly soluble in alcohol, chloroform, or 
ether (Found : X — G’8. C 10 H 9 O 4 X requires X = G‘8 per cent.). 

5-xV itroA' -dimetkylam i no- 2 -hydroxyd ixtyryl Ketone , 
0H , C 6 H 4 (N0 2 ) , 0H:CH‘C(>CH:CH*C 6 H 4 *XMe 2 . 

- — live grams of the above ketone were dissolved in alcohol together 
with an equal weight, of p-dimethylarninobcnzaldchyde and treated 
with 40 per cent, sodium hydroxide solution (3 mols. of NaOH). 
The solution, which soon acquired a very deep red colour, was 
kept at room temperature for three days and the precipitated 
ketone filtered off and washed with alcohol. It was purified by 
crystallisation, first from alcohol containing a few drops of glacial 
acetic acid, and finally from absolute alcohol itself. It ervstallised 
with 1 mol. of ethyl Alcohol in dark red needles melting at 238° 
(Found: X = 7*1. (\ 9 H lfi <) 4 X 2f C a H 5 *01I requires X = 7‘3 per 
cent.). The alcohol addendum is gradually lost at the ordinary 
temperature, rapidly in the steam-oven, yielding the solvent-free 
substance. The ketone has also been prepared by condensation 
of 5-nit rosalicylaldeh vde with p-dimethylaminostyryl methyl 
ketone. Ten grams of the sodium salt of 5- nit rosalicylaldehvde 
were dissolved in 400 c.c. of A 4-sodium hydroxide and mixed 
with a solution of yj-dimethylaminostyn-l mcthvl ketone (1 mol.) 
in pyridine, sufficient alcohol being then added to prevent separation 
of the two liquids. After four days, the ketone was filtered off 
and crystallised from acetone (Yield : S grams) (Found : X — 8 0. 
I'lylljjjOjXij requires X S 3 per cent.). 

a • ttfomo-'l-hyd roxysiyryl Mithyl Krfonr - ’{'his (ompound lias 
previously been prepared by Knstuncoki (/)</•.. iMHi. 29, 1 802), 
but no details of his method are given. After trying various 
conditions, the following procedure was found to give the most 
satisfactory yield. Twenty grams of o-bromosalievlaidcliyde were 
dissolved in 80 c.c*. of 10 per cent, sodium hydroxide solution, 25 
grams of act ‘tone (4 mols.) added, and the solution was diluted 
toa total volume of 500 c.c. ; after three or four da vs, it was further 
diluted with water to twiee its volume and slowly poured, with 
continual stirring, into an ice-cold solution of A'-hydrochlorie arid, 
ihe Hocculent precipitate obtained in this way was filtered olY and 
the crude product (25 grams) purified by rccrystallisation from 
benzene. If the condensation liquor is not kept at least at the above 
dilution, or if warmed, teaciion takes place in such a manner that 
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the symmetrical distyryl ketone is mainly produced and precipitated 
from the alkaline solution in the form of its sodium salt. 5-Bromo- 
2-hydroxystyryl methyl ketone forms pale yellow crystals melting 
at 154 — 155°. 

o-Bromo-l'-dimethyfatnino-Z-hydroxydistyryl Ketone, 
OH # C G H 3 Br-CH:CH*CO , CH:CH'C 6 H 4 *NMe 2 . 

— Twenty grams of 5 -bromo -2 -hydroxys tyryl methyl ketone and 18 
grams (1*5 mols.) of p-dimethjdaminobenzaldehyde were dissolved 
in alcohol and treated with 70 c.c. of 10 per cent, sodium hydroxide 
(2 mols.). The solution, which at once became deep red, was 
kept for two days, after which the precipitate which had separated 
out was filtered oli and washed with alcohol. Nine grams of a brick - 
red solid were thus obtained, which, after recrystallisation from 
alcohol, formed a characteristic felt-like mass of crystal aggregates 
containing sodium, quite analogous to the sodium complex obtained 
by Heilbron and Buck ( loc . cit.) in the case of 4'-dimethylamino-2- 
hydroxydistyryl ketone. The free ketone was readily formed from 
this complex by recrystallisation from alcohol containing a small 
quantity of glacial acetic acid. The main yield of the ketone was, 
however, obtained by pouring the mother-liquors slowly into ice- 
cold water with rapid stirring, when it separated as a dark red, 
crystalline precipitate (Yield : 20 grams). Crystallisation from 
solvents yields solvate additive compounds, from which the free 
ketone is again obtained in orange-coloured crystals melting at 
194° by heating in the steam-oven for a few hours (Found : N 
3*9. C 19 H 18 0 2 XBr requires X -= 3*8 per cent.). 

Additive Product*.— With ethyl alcohol: C ia H ls 0 2 XBr,C 2 H n (). 
This forms glistening, crimson needles with violet lustre (Found: 
0 ~ 60*2; H — 5*S ; X — - 3*0. Calc., C •- 60*5; H - 5*8; X — 
3*4 per cent.}. 

With benzene : C 19 H 18 0.,XBr,C ( .H c . Bed, needle-shaped crystals 
(Found : C = 67*1 ; H = 5*4. Calc., C - 66 !) : H — 5*4 per cent.). 

With ethyl acetate : C\ g H 1B () 2 XBr,C 4 H 8 0 2 . Orange- coloured 
needles (Found : C - - G0*2; H — 5*7. Calc., C — 60*1 ; H = 5(1 
per cent.). 

With chloroform : with 1 mol., glistening green plates (Found: 
C--48*9; H - 4*1. Calc.. C — 48*9 : H — 3*9 per cent.). With 
4 mol., yellow, felted, crystal clusters. 'Hi esc are obtained by slow 
crystallisation from chloroform (Found: C -54*4; H -Hi. 
Calc., C -- 54*4: If — 4*3 per cent.). 

3 - M t thoxy -'2-hydro xys tyryl Mfthyl Ketone- 1 ,- IkO or ^-Hydroxy- 

3 r/ h oxy-2 - li ydrox y phe a ylc thyl Methyl Kf tone, 

OH’C 6 H 3 (OMe)*CH(OH jd’H./ClMJH.,. 

—Twenty grams of m-inetliuxysalicylaldeliyde were <lissolved in 
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32 grams (4 mols.) of acetone, and 240 e.c, of 2-5 per cent, sodium 
hydroxide solution added. A further 60 c.c. of 10 per cent, sodium 
hydroxide solution was then gradually added in small quantities 
at a time over a period of one hour, when the solution became an 
intense red. Water (600 c.c.) was now added and the whole loft 
for two days at room temperature. The solution was then diluted 
to two litres and slowly acidified with dilute hydrochloric acid. 
The floceulcnt, yellow precipitate, which gradually became crystalline 
on standing, was filtered, dried, and the ketone purified by rcerys- 
tallisation from benzene. Ft formed pale yellow plates, melting 
at S3 0 , and proved on analysis to contain a molecule of water exceed- 
ingly firmly held and not split off either by boiling in benzene 
solution with phosphoric oxide or acetic anhydride (Found : C — 
62'6; H — 6 9, C n H 12 0 3 -f H 2 0 requires C = 02*8 ; II — 0-7 
per cent.). In order to ascertain whether the molecule of water 
was present as an integral part of the molecule, the ketone was 
benzoylated in the following manner : To 2 grains of the compound, 
dissolved in 125 c.c. of ether, 10 grams of benzoyl chloride were 
added alternately with pyridine in small quantities at a time, 
care being taken to maintain throughout a slight excess of the base. 
After several days the solution was filtered from precipitated pyr- 
idine hydrochloride and washed first with sodium carbonate solution 
and then with water until free from pyridine. After drying over 
calcium chloride, the ether was distilled off and the solid residue 
purified by crystallisation from an ether-ligruiu mixture. Analysis 
of this compound, which is obtained in colourless, star-like clusters 
melting at 120”, shows it to correspond to a wonobenwf} derivative 
of the unsaturated ketone (Found : 0 =- 72*9; H — 54. 
requires C ~ 73*0; II - - .7*4 per cent.). 

4 ' - Di mefh yla m i no-'.i-tnf Ih an/- 2 - h if<{ roj'tfd i xtyryl Ktfaiit , 

OMe<y I a (OH)-CH ICH-CO-C H*(’H -C fl H 4 *X Me 2 . 

—Owing to the sparing solubility of the sodium salt of the above 
ketone, it was found necessary to carry out the condensation in 
the warm. Twenty grains of the ketone 1 were dissolved in 250 c.c. 
of alcohol, 80 c.c. of 10 per cent, sodium hydroxide were added, and 
the solution was warmed to 50’. A solution containing 23 grams 
(1-5 mols.) of p-dimethylaminobenzaldehyde in 100 c.e, of alcohol was 
next added, and the whole maintained at 50 ; for two days. On 
allowing to cool, a dark crimson, felted mass separated out. This 
was filtered off, repeatedly washed with water, and reerystallised from 
alcohol containing a few drops of glacial acetic acid. After a further 
recrystallisation from absolute alcohol itself, the ketone was obtained 
in bright red needles melting sharply at 151"'. ‘A second modifica- 
tion of this substance has also been obtained on crystallisation of 
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the 151°-compound from benzene, when violet needles are obtained, 
melting at 165°. This probably corresponds with an additive com- 
pound of the ketone with benzene, but the addendum is exceedingly 
labile and the free ketone readily obtained in dark crimson needles on 
exposing the solvate compound to air. Crystallisation of the free 
ketone of either melting point from chloroform yields a mixture 
of green and orange crystals, which rapidly lose chloroform, giving 
the red, solvent-free product of m. p. 165°. This can again be 
converted into the 151 ^modification by recrystallisation from 
either absolute alcohol or methyl alcohol (Found : for 16o°-com- 
pound, C = 74*3; H — 6*4; N = 4*3. For 151°- compound, 
C =s 73*9 ; H — 6*3 ; N = 4*2. C 20 TT 21 O 3 N requires 0-74*3; 
H = 6*5; N = 4*33 per cent.). 

4 -Meth ox y - 2 - hyd roxystyryl M ethyl K don c, 

omc-c 6 H3(Oii)*ch:cii*co-ch 3 . 

— 4-MethoxysalicyIaldchydo was prepared by Ott and Nauen’s 
method (Ber., 1022, 55, [./>’], 020) and the condensation carried 
out as described in the preparation of the 3- met hoxy- derivative. 
The crude ketone, which was purified by crystallisation from benzene, 
using animal charcoal as decolorising agent, formed pale yellow 
crystals melting at 131°. It is readily soluble in alcohol, acetone, 
or chloroform, sparingly soluble in benzene, and practically insoluble 
in light petroleum. On standing in air, it tends to oxidise, assuming 
a green colour (Found : C = 68*6; H = 0*3. C n H J2 0 3 requires 
C = 68*8 ; H = 0*3 per cent.). 

4:' -Dim ethyla m i »o-4- mdhoxy-'l -hyd roxydistyryl Keton e. — The con - 
densation of 4-mctiioxy-2-hydroxystyryl methyl ketone with 
p-dimethylaminobenzaldeliyde is extremely difficult to bring about 
and was only done by employing 50 per cent, sodium hydroxide 
as the condensing agent. Four grams of the ketone together with 
5 grains of p-dimethylaminobenzaldehyde were dissolved in 25 c.c. 
of alcohol and to the warm solution 3 e.e. of 5<J per cent, sodinni 
hydroxide at 70 were now added. After shaking for a few minutes, 
and keeping for a few hours, the semi-solid mass thus formed was 
agitated, first with a large volume of water, and finally with dilute 
acetic acid, filtered, and dried. After two crystallisations from 
alcohol, it was obtained in purple crystals molting with decomposi- 
tion at 183°. In no ease could any indication of the formation of 
additive products be noted, crystallisation from chloroform, benzene, 
or ethyl acetate immediately yielding the free ketone. Various 
attempts were also made to form a p-dimethylaminobcnzahielivde 
additive product, but even in the presence of alkali the ketone 
remained totally unreactive { Found : ( J . 74*3 ; H 6*4; X 4*3. 
^ requires (.' 7»3: 11 6*5; X 4*3 per eent.). 
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o-Mcthoxy -2-hydroxy styryl Methyl Ketone.- This ketone was 
prepared from 5-methoxysalicylaldehyde by the general method. 
It crystallises from benzene in bright yellow needles (m, p. 122°), 
readily soluble in alcohol, ether, or acetone, and somewhat sparingly 
soluble in benzene. Like these styryl ketones in general, it gives a 
deep red coloration with concentrated sulphuric acid (Found : 
(J = 68*7 ; H = 6*3. C u H 12 0 3 requires C = 68*8 ;H = 6 3 per cent.). 

I'-Dimethylamino-o-methoxy-i-hydroxydi styryl Ketone . — Fifteen 
grams of 5-methoxy -2-hydroxy. styryl methyl ketone and 20 grams 
(1*5 mols.) of p-dimethylaminobenzaldehyde were dissolved in 
250 c.c. of alcohol, and 60 e.e. of 10 per cent, sodium hydroxide 
solution (2 mols. ) added. After keeping for three days at the ordinary 
temperature, the reaction product was poured into two litres of ice- 
cold water, and the crystalline precipitate, which gradually separated 
out, was filtered olT and thoroughly washed with water. On 
rccrystallisation from absolute alcohol, the ketone ~ 1 mol. p- 
dimethylaininobenzaldehydc was obtained in bright red plates 
melting at 110° (Yield : 10 grains.) The same additive product 
can also be obtained from the free ketone by dissolving the two 
components in hot alcohol and allowing the solution to crystallise 
(Found : C = 73*8 ; H = 6*9 ; X - 6*0. Cyf 21 0 3 ^cXi ON 
requires C = 73*7 ; H= -6*8; X = 5*9 per cent.). On boiling 
this double compound with benzene for about two hours, there 
crystallise out glistening, greenish -purple leaflets which melt 
sharply at 120° (rapid heating), and prove to be the benzene additive 
product, the p-dimctliylaminobenzaldehyde having been displaced 
by a half-molecule of benzene (Found: X — 3*9. C M H, l 0 3 N,iC 6 H 6 
requires X = 3’9 per cent.). On heating this additive compound 
in the steam-oven for several hours, the free ketone is obtained in 
dark crimson needles, melting at 151 J (Found : C -- 740; H = 
(>*7. (-H)H sl OgX requires 0 = 74*3; H = 6*5 per cent.). The 
ethyl acetate additive product, obtained by dissolving the free ketone 
in ethyl acetate and precipitating with light petroleum, forms 
characteristic, black, glistening nodules (Found : X = 3*4. 
Cj 0 H 2 iO 3 X,C 4 11 8 O.> requires X = 3*4 per cent.). 

In conclusion, we desire to express our thanks to the liovernors 
of the Koval Technical College, Clasgow. fur an Exhibition to one 
of us (A. BAY.) which lias enabled this work to be carried out. 
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XXXII . — Some Derivatives of Methylenediquinaldine 
and their Relationship to the Carbocyanine s. 


By Frances Mary Hamer. 

It has been shown by Mills and Hamer that the photographic 
sensitiser known as pinacyanol may be represented by formula 1 
(T., 1920, 117, looO). As regards the mechanism of the carbo- 
evanine condensation, we suggested that when alkali 
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acts upon a solution of quinaldine cthiodide, in presence of a quinnl- 
iniuin salt, the first product may be methylenediquinaldine di- 
ethiodide (fl), which subsequently loses hvdriodic acid, giving III, 
and that from this the carbocyanine is produced, by an oxidation 
involving the removal of two hydrogen atoms. It is, on the other 
hand, conceivable that oxidation of the hypothetical methylene- 
diquinaldine diethiodide may precede the elimination of halogen 
acid, in which case the second intermediate product would be IV * 
instead of III. These considerations show that, apart from the 
inherent interest of compounds of the methylenediquinaldine type, 
the realisation of their preparation was especially desirable in 
order that their relationship to carbocyanine might be put to the 
test; could the dialkvlhalide (II) be made the starting point for 
the synthesis of such a dye, this would afford valuable confirmation 
of the pinacyanol formula (I), which differs from the other formula 
which have been suggested (Fischer, J. pr. Ckem ., 1918, [ii], 98, 
204; Wise, Adams, Stewart, and Lund, J. I ml. Eng. Ckem., 1010. 
11, 460) in that the two quinoline nuclei are linked in the appositions 
by a chain of three carbon atoms. It is with this object that the 
present investigation was undertaken. 

Although methylenediquinaldine is theoretically obtainable by 
condensation of two molecules of quinaldine with one of form- 
aldehyde, yet it bqs never been described, although the interaction 


* Guia has roeen tly described a substance whirb ho imagines to in’ lli<‘ 
base of which IV is the diethiodide {On:zffln, 1022, 52. i, 340). 
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of these reagents was studied, first by Methner (Ber., 1894, 27, 
2689), and subsequently more thoroughly by Koenigs ( Ber., 1899, 
32, 223). A general method of preparation of the dialhy] halides 
of methylenediquinaldine resulted, however, from the discovery of 
a hitherto unknown reaction between two molecules of quinaldine 
alkylhalide and one of formaldehyde, in presence of piperidine; 
this may be represented by the following equation : 

■\/\ /■ 

i 1 j ill 

( -j-CH 2 0 -i-CH,- 1 / 1 

NRX RXN 

! J. j-eilX'HyCHjj-i ! J ' H *° 

XKX RXX 

Thus from quinaldine inethiodide and formaldehyde, methylene- 
diquinaldine ditnethiodide was obtained, and it was so slightly 
soluble in absolute alcohol as to separate even from the boiling 
reaction liquid. I’rorn it, by treatment with the appropriate silver 
salt, the dimethonitrate and the dimethnehloridc were prepared, 
and this latter was converted into the corresponding dimetho- 
brotnide. Tn preparing methylenediquinaldine diethiodide, a 
modification of the method was necessary because quinaldine 
ethiodide is insufficiently soluble in alcohol to give a solution of 
the requisite concentration : quinaldine ethochlorido is, however, 
suitable and its condensation product with formaldehyde was 
converted by means of potassium iodide into methylenediquinal- 
dine diethiodide. By reaction of G-mcthylquinaldino ethiodide 
with formaldehyde tlicrt' was prepared 6 ; G'-dimethylmethylene- 
diquinaldine diethiodide. 

A consideration of numerous analogous reactions (compare 
Decker, Her., 1905, 38, 2493; Mills, T\, 1922, 121, 455) led to the 
expectation that the elfect of alkali on methylenediquinaldine 
dialkylhalide would be the elimination of halogen acid, giving a 
compound of type I [I. It was, however, found that the dialkyl- 
halides are comparatively stable towards alkalis in the cold, whilst, 
on w arming, a mixture containing a small percentage of carbocyanine 
is produced. A quantitative experiment with hot alcoholic soda 
showed the yield of pure dvo to be less than 4 per cent, of the 
theoretical. It was not increased by the action, together with 
the alkali, of various oxidising agents, such ns air. p-benzoquinonc, 
or hydrogen peroxide. 

Xow the ordinary preparation of carbocyanine is brought about 
by the action of alkali on an alcoholic solution of quinaldine ethiodide. 
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quinoline ethiodide, and formaldehyde, and it has been shown that 
the quinoline ethiodide plays no direct part in the condensation, 
but that, in its absence, a poorer yield is obtained (Mills and Hamer, 
loc. cil.). It was possible, therefore, that the addition of a quino- 
linium quaternary salt might also promote the conversion of 
methylenediquinaldine dimethiodide into carbocyaninc. This 
proved to be the case, for when soda was allowed to act upon an 
alcoholic solution of the dimethiodide, in presence of quinoline 
methiodide, the yield of dye was tenfold that obtained in its absence. 
Thus the transformation of the dimethiodide of methylenediquinal* 
dine into carbocyaninc provides definite evidence of relationship 
between the two and confirms the pinacyanol formula (I). The 
possibility that the carbocyaninc was derived not solely from 
methylenediquinaldine dimethiodide, but also from the quino- 
liniuni salt, was put to the test by using the ethiodide instead of 
the methiodide of quinoline, for the introduction of an extra 
methylene group into the molecule of the product would be capable 
of analytical detection. The dye was, however, identified as 
1 : l'«dimcthylearboeyanine iodide by its appearance, melting 
point and mixed melting point, absorption and sensitising bands, 
as well as by analysis. The same compound was obtained when 
O-methylquinoline ethiodide was used instead of the unsubstituted 
substance. It was thus proved that the quinoline quaternary 
compound plays no direct part in the production of carboc} r anine. 
This conclusion was confirmed by the action of alkali on methylene- 
diquinaldine diethiodide in presence of quinoline methiodide, when 
the product was 1 : l'-dicthylearbocyanine iodide, as also by its 
action on G : G'-dimethyhnethylenediquinaldine diethiodide in 
presence of quinoline methiodide, when (i : G'-dimethyl-l : 1'- 
diethylcarboeyanine iodide was obtained. Another possibility to 
be considered was that the methylenediquinaldine diaikylhalide 
might, by the influence of soda, be split into quinaldine alkylhalido 
and formaldehyde, which subsequently reacted in the normal 
manner. But this is disproved because, in an ordinary carbo- 
cyanine condensation, the yield of pure product is only about one- 
fifth of that theoretically obtainable, whereas the yields under 
optimum conditions in the four preparations above described 
varied from 3S — 47 per cent, of the theoretical. 

The part enacted by the quinolinium salt in this condensation, as 
in that ordinarily used for the preparation of earbocyanine, is still 
obscure. Although theoretically the removal of two hydrogen 
atoms and of a molecule of halogen arid from that of methylene- 
diquinaldine dimethiodide would transform it into carbocyaninc, 
yet it is significant- that, apart from quinoline alkylhalido, nu 
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oxidising agent was found which, in conjunction with alkali, brought 
about this conversion. Whilst 6-methylquinoline ethiodide could 
satisfactorily play the part of the unsubstituted salt, this was not 
the case when the methyl group occupied the 2-position, for with 
quinaldine methiodide there was a considerable diminution in the 
yield; the methiodide of pyridine was quite useless. It is clear, 
then, that the action of the quinoline quaternary salt is a highly 
specific one and the yield is closely dependent on the amount added. 

Benzylidenediquinaldine (V) was prepared in order to ascertain 
whether, from the methiodide of the base, it was possible to syn- 
thesise 10-phenyl-l : l'-dimethylcarbocyanine iodide. Although 
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this base was described by Koenigs as a colourless, viscous fluid, 
which could not be crystallised (Her., 1899, 32, 3599), it was now 
obtained as white prisms, by slow 7 evaporation of the solvent from 
a dry, concentrated, ethereal solution. The solid, which melted 
at 90 — 94° to a cloudy liquid, was converted bv heat into a white 
substance of melting point 106*5 — 107*5°, and this change was 
unaccompanied by change in weight. The reverse transformation 
was effected by dissolving the compound of higher melting point 
in absolute ether and allowing the solvent to evaporate. Complete 
analyses of each substance gave the values required for anhydrous 
benzylidenediquinaldine, whilst their chemical properties were 
identical. Now Scheibe suggested that the isomerism of the 
related substance, diquinolylinethane, is due to the transform- 
ation of one benzenoid pyridine ring into an orthoquinonoid 
form (Ber., 1921, 54, [/if], 780): if a similar explanation 
he applied to the isomerism of benzylidenediquinaldine, the two 
desmot ropes would be V and VI. Benzylidenediquinaldine differs 
from diquinolylinethane in that the monacid salts appear to be 
colourless like the diacid derivatives; only compounds of the latter 
type were actually isolated and of these the dinitrate had not 
previously been described. The most striking property of the 
white dihydrochloride was its invariable assumption of a pink tint 
in the dark, but, on exposure to sunlight, it was instantaneously 
restored to its colourless condition. 

When either form of benzylidenediquinaldine was heated with 
methyl iodide in a sealed tube at 55 — 60°. tl\o dimethiodide was 
formed. Slight lowering of the reaction temperature had so great 
an influence that at 40 50° practically pmv nmnomethiodide 
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resulted, even when a large excess of methyl iodide was present. 
The formation of both methiodides of benzylidenediquinaldine 
contrasts with the behaviour of dibenzothiazolylmethane, which 
reacted as a monaoid base towards ethyl iodide (Mills, loc. cit.). 

It was found that the mono- and di-methiodides of benzylidene- 
diquinaldine are very sensitive to the action of alkali, although there 
was no development of a carbocyanine colour. Instead of eliminat- 
ing hydriodic acid from benzylidenediquinaldine dimethiodide, 
alkali brought about complete disruption of the molecule, as was 
shown by the production of tar smelling of benzaldehyde. The 
salt was in fact so unstable that even one recrystallisation from 
water lowered the percentage of iodine by about 2 ; by repeated 
rccrystallisation, pure bcnzylidcnequinaldine methiodide was 
isolated. Probably the mechanism of the reaction is a hydrolysis, 
involving formation of quinaldinc methiodide (VII), together with 
compound VIII, which subsequently loses the elements of water. 

(ViT.) i '( |. 0H 

\ " \ . " I 2 
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Mel 

The observation that calcium carbonate liberated benzaldeh} T de 
and a tar from a benzylidenequinaldine alkylhalide harmonises 
with the conclusion that the action of alkali is to accelerate the 
hydrolysis of benzylidenediquinaldine dimethiodide and, moreover, 
to decompose the resulting benzylidenequinaldine methiodide. 

An experiment strictly comparable with that which sufficed for 
the conversion of benzvlidenediquinaidine dimethiodide into the 
methiodide of benzylidenequinaldine was made on methylene - 
diquinahhne dimethiodide , hut the tatter showed practically no 
evidence of decomposition. It was therefore concluded that the 
stability of the molecule is decreased by the presence of the phenyl 
group. 

The mode of decomposition of benzylidenediquinaldine dimeth- 
iodide suggested the possibility that methylenediquinaldine di- 
methiodide may behave similarly, so that, when it is treated with 
alkali in presence of quinoline ethiodide, the production of mcthylcne- 
quinaldine methiodide and of quinaldinc methiodide may prreede 
carbocyanine formation. There was, however, no indication that 
this was the ease, but, on the contrary* the smooth conversion of 
methylenediquinaldine dimethiodide into carbocyanine rendered 
the formation of these intermediate compounds highly improbable. 
When alkali acted upon a solution of niethyionediqumaldine di- 
methiodide and quinoline ethiodide in presence of quinaldinc 
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etliiodido (or of the methiodide or ethiodide of 6-mcthylquinaldine), 
which might combine with the hypothetical methylenequinaldine 
methiodide to form a second carbocyanine, it is true that pure 
1 : l'-dimethylcarbocyanine iodide could not be isolated from the 
product, which on recrystallisation formed a curious gelatinous 
mass of very fine needles. There was, however, no evidence that 
the phenomenon was due to contamination by another carbocyanine 
rather than by impurity of a different nature ; with the dye formed 
from inethylenediquinaldine dimethiodidc in presence of the meth- 
iodide of quinaldine, where there could be no question of a second 
carbocyanine, the substance crystallised in the ordinary way, but 
there was produced an abnormally large amount of foreign matter, 
while the yield of rccrystallised carbocyanine was low. 


KxPfi R I M E N T A L. 

The Mdhylen ed iquwaJdine Dialbjlhalides. 

M ethylenediq u i nald in e. Dim ethiodide .. — One mol. of 40 per cent, 
formaldehyde solution (3*6 grams) and 2f raols. of quinaldine 
methiodide (37 ’2 grams) were dissolved in absolute alcohol (120 c.e.), 
and the mechanically stirred mixture was boiled gently. An 
alcoholic solution (3 c.c.) of piperidine (G drops) caused instant 
darkening in colour, and the separation of solid began after five 
minutes ; heating was continued for half an hour. The solid was 
filtered hot, with the object of removing unchanged quinaldine 
methiodide, and it was further extracted with boiling absolute 
alcohol (120 c.c.). The yield of crude product was nearly 80 per 
rent, of the theoretical. Its solution in If per cent, hot aqueous 
hydrochloric acid was boiled and the hot filtrate was treated with 
an aqueous solution of potassium iodide . The orange needles of 
inethylenediquinaldine dimetluodide were filtered, washed with 
acetone, and dried in a vacuum, and the yield was 04 per cent, of 
the theoretical. When the substance which had been dried at the 
ordinary temperature was further heated in a vacuum at GO— 70 . 
it lost water of crystallisation and gave an anhydrous form of 
deeper tint (Found : (' 47*t>7 : H 422 : X » 4 77 : I - 41V 10. 

OjHojXJ., requires <’ 47 42 : H 4TG : X 4 82: I =, 4:101 

percent. Loss on drying 2 U. C^lLjX^l.^JLO requires 1LO - 
3'0 per cent.). Melting occurred sharply, but the exact point 
varied, according to the rate of heating, between 204° and 2HV. and 
it was followed by decomposition. The dimetluodide was very 
slightly soluble in absolute alcohol, but more so in rectified spirit. 
It was insoluble in ether, and very slightly soluble in hot chloroform 
or hot acetone, ft dissolved readily in hot water : a solution of 
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1 gram in 20 c.c. was boiled for three hours, and the product 
was recrystallised three times more and washed with acetone 
(Found : I = 43*49 per cent.). The m, p. of the salt, of the original 
dimethiodide, and of the mixture was 210°. It was therefore 
concluded that methyl enediquinaldine dimethiodide is stable to 
boiling water. 

Melhylenediquinaldiiie Dimfthochloride . — An alcoholic solution of 
methylenediquinaldine dimethiodide (3 grams), acidified with 
hydrochloric acid, was boiled with excess of silver chloride and, on 
evaporating the filtrate, the theoretical yield of raethylenediquin* 
aldine dimethochloride was obtained. By dissolving it in hot 
absolute alcohol containing a couple of drops of hydrochloric acid 
and adding acetone until the commencement of separation, the 
methochloride took the form of chalky, white needles, which became 
pale blue on desiccation. A three times crystallised specimen 
was dried in a vacuum at 60 — 70°, but from the analysis it would 
seem that, even under this treatment, pure anhydrous salt did not 
result (Found : 0 = 65’26 ; H = 6*11 ; N = 6*53 ; Cl = 16*85. 
C 23 H 24 N 2 C ] 2 ,H 2 0 requires C - 66*18; H - 6*28 ; X = 6*72 ; Cl « 
17*00 per cent.). When heated, darkening began at about 145° 
and the compound melted to a blue liquid at 184 — 186°, with decom- 
position both before and after liquefaction. The methochloride was 
very hygroscopic. It was extremely soluble in water and also very 
soluble in alcohol, lmt slightly so in acetone and almost insoluble 
in pyridine. 

Mdkylenediqui naldine Di methohrom idc . — The twice recrystalliscd 
dimethochloride (1*5 grams) was dissolved in hot water with a little 
hydrochloric acid and was treated with a hot aqueous solution of 
twice the calculated quantity of potassium bromide. On recrystal- 
lising the product from absolute alcohol with a drop of hydrobromic 
acid, the yield of pure methylenediquinaldine dimethobromidc was 
71 per cent, of the theoretical. The colourless needles on desiccation 
acquired a pale blue tint. The salt which had been dried in the 
steam -oven contained a molecule of water of crystallisation (Found : 
Br = 31*85. C 23 H.vjX 2 Br 2 .H 2 0 requires Br — 31*57 per cent.). 
This was lost on further heating in a vacuum at 80 — 90 3 (Found : 
loss — 3*5. 0 23 H 21 X 2 Br 2 ,H 2 O requires H 2 0 = 3*6 per cent.), giving 
the anhydrous salt (Found : Br =- 32*95. C 23 H 24 N 2 Br 2 requires 
Br = 32*74 per cent.). On heating, blackening began at 175° 
and the dimethobromidc melted at 180 — 185°. It was less soluble 
in alcohol or w r ater than was the corresponding methochloride, but 
much more so than the iodide. 

Metkiflenrdiqui naldine Dimcdhomlmte. - - Methylenediquinaldine 
dimethiodide (1*8 grams) was dissolved in hot water (50 c.e.), 
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acidified with nitric acid (5 drops), and an aqueous solution of the 
calculated quantity of silver nitrate was added. The product 
(IT grams) obtained by evaporation of the filtrate was recrystallised 
from absolute alcohol, in which it was moderately soluble. Its 
pink colour was not lessened by a second recrystallisation, with 
charcoal treatment. For analysis it was dried in the steam-oven 
(Found : N0 3 = 27*30. requires N0 3 = 27*42 per 

cent.). When heated, decomposition began at 120° and the sub- 
stance had become quite black before the melting point, 178 — 180°, 
was attained. It was stable towards the oxidising action of dilute 
nitric acid. 

Metkylenediqvinaldinc Dicthiodide . — In the preparation of 
mcthylenediquinaldine dicthiodide, quinaldine ethiodide was not 
employed because of its insufficient solubility. Quinaldine etho- 
chloride (9-3 grams ; 2i mols.) and 40 per cent, formalin (1*3 grams; 
l mol.) were dissolved in absolute alcohol (35 c.c.) and treated 
with piperidine (2 drops). After half an hour's heating, no solid 
had separated, but an aqueous solution of potassium iodide (10 
grams) precipitated the dicthiodide of methylenediquinaldine 
(9-8 grams). The method of purification was the same as for the 
dimethiodide and, after heating the yellow crystals in the steam- 
oven, the yield was 46 per cent, of the theoretical (Found : C = 
49-03; H = 4*72 ; N-=4-76; 1 = 41-54. ^ 25 ^ 28 *^ 2^2 requires 

0 — 49*18; H = 4-63; X = 4*50; I = 41*61 per cent.). Decom- 
position began at about 200 3 and the melting point was 204 — 207° 
according to the rate of rise of temperature. The diethiodide is 
much more soluble in alcohol than is the corresponding dimethiodide. 

6 : tt-Dimethylmethylenedifiiiinaldirte J>\ ethiodide. — This was pre- 
pared from C-methylquinaldinc ethiodide (15*5 grams) and separated 
on cooling the alcoholic solution. It was reorystallised once, with 
charcoal treatment, from water containing a drop or two of hydro- 
chloric acid, and the yield was 33 per cent, of the theoretical. 
The pale yellow needles became orange on heating in a vacuum 
at 80 — 1 90°, but were then extremely hygroscopic (Found : I = 39*32. 

requires I = 39*77 per cent.). The substance dried 
ever sulphuric acid at the ordinary temperature contained water 
of crystallisation (Found: 0 = 49-77; H — 5-36; N = 4*25 ; 

1 = 38*73. C 27 11 S jX 2 T 2 ,H,0 requires 0 = 49-38; H = 5-22; X =J 
4-27 ; I 38 ’68 per cent.). 

The, Action of Alkali# on MdhyhnctUnuuutldinc Dialkylfuilide*. 

It was found that the action of alkalis in the cold did not effect 
the removal of halogen acid to any considerable extent, whilst, on 
heating, a small amount of earboeyamne was produced. 
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An alcoholic solution (50 c.c.) of 3 rnols. of sodium (0*34 gram) 
was added to a boiling solution of 1 mol. of methylenediquinaldine 
dimethiodide (3 grams) in rectified spirit (350 c.c.) and \ mol. of 
hydrochloric acid. During twenty minutes 5 heating, a blue colour 
gradually developed. Recrystallisation of the product (016 
grain) from methyl alcohol gave pure carbocyanine (0-08 gram), 
but the yield was less than 4 per cent, of the theoretical. At 0°, 
alcoholic soda only caused the development of a carbocyanine colour 
after some hours. 

Preparation of 1 : 1 ' - Dim ethylcarbocya n i n e Iodide from Methylene- 
d iqui naldin e Dim eth iodide. 

One mol. of methylenediquinaldine dimethiodide (3 grams) and 
2 mols. of quinoline ethiodide (2-85 grams) were dissolved in hot 
rectified spirit (350 c.c.) with mol. of hydrochloric acid (25 c.c. of 
A T /10), and the solution was stirred mechanically and gently boiled. 
A solution of 3J mols. of sodium (0-40 gram) in absolute alcohol 
(50 c.c.) was run in, and the mixture heated for fifteen minutes. 
On addition of the soda, a green colour momentarily appeared, to 
be succeeded by blue, and carbocyanine crystallised from the still 
boiling liquid. A little glacial acetic acid was added (2 c.c.) and 
on the next day the red fluid was filtered. The crude product was 
washed with hot alcohol, when the yield was 56 per cent, of the 
calculated amount. After recrystallisation from methyl alcohol, 
the total yield of anhydrous product (0*05 gram) was 42 per cent. 
For analysis, it was dried in a vacuum at 120 -130° until of constant 
weight (Found : C 6M4 ; H — 4*75; X — 6-19; I =~ 28*10. 
CasHoiNgl requires 0 - 01 05 : H - 4-08 ; X - 0-20; I = 28-06 
per cent.). The substance melted with decomposition at 27S a ; 
melting at exactly the same temperature occurred in the case of a 
specimen of 1 : l'-dimethylearboeyanine iodide prepared in the 
usual manner, and of a mixture of the two, all three melting points 
being observed simultaneously. The absorption and sensitising 
bands were photographed, by the method described elsewhere 
(Hamer, Phot. •/., 1922, 62, 8). The substance showed two absorp- 
tion bands, of which that with its maximum at 6150 was broader 
than that of maximum 5900; the sensitising action was weak, 
extending to 6900, with a crest at about 5850. Photographs taken 
under the same conditions with 1 : l'-dimethylcarbocyanine iodide 
proved to be identical in every respect. 

When the amounts of methylenediquinaldine dimethiodide and 
of quinoline ethiodide were kept constant each at 1 mol., while 
the quantity of alkali was varied, an optimum yield of pure carbo- 
cyanine was produced with 2.1 mols. of excess sodium. The best yield 
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(42 per cent.) was, however, obtained with 2 mols. of quinoline 
alkylhalide to three of sodium, as described above. Nothing was 
gained by raising the amount of quinoline ethiodide to 3 mols., 
but if that of the sodium was increased, even by \ mol., while the 
quantity of quinoline ethiodide remained stationary at 2 mols., 
there was a corresponding decrease in the yield ; 4 mols. of sodium, 
in presence of 3 or 4 mols, of quinoline ethiodide, still gave the 
optimum yield of carboeyanine from methylenediquinaldine di- 
methiodide. When the filtrate from a preparation, in which 
insufficient quantities of soda and of quinoline ethiodide had been 
taken, was subsequently treated with more of these reagents, no 
further formation of carboeyanine resulted. 

In a similar preparation of the dye, quinoline ethiodide was 
replaced by 0-methyl quinoline ethiodide. and from 3 grams of 
methylenediquinaldine dimethiodidc there was obtained 38 per 
cent, of the theoretical yield of pure carboeyanine (Found : I — 
27*01. C 23 H 21 X 2 I requires I — 28*00 per cent.). The melting 
points of this specimen, of dimethylearbocyanino iodide prepared 
in the usual way, and of the mixture, were then taken simultane- 
ously and all lay at 284 5 . The sensitisation spectrograph also 
showed the substance to be 1 : r-dimcthylearbocvanine iodide. 

hr juration of 1 : 1 ' ’Diethykarbocifanin? Iodide from Methylene* 
diquinaldinr l) i vth iod id r . 

One mol. of methylenediquinaldine diethiodide (3 05 grams) and 
2 mols. of quinoline methiodide (2-80 grams), dissolved in hot 
rectified spirit (250 c.e.) with b mol. of hydrochloric acid, were 
treated with ‘U mols. of sodium, dissolved in alcohol. The earbo- 
cyaninc, whieh crystallised on cooling, was filtered off and washed 
with hot alcohol, and the yield of crude product (1*59 crams) was 
62 per cent, of the theoretical. On recrystallisation from methyl 
alcohol the yield of pure dye was 47 per cent. For analysis, it was 
dried in a vacuum at 120 — 130' until of constant weight (Found : 
0 — 02*34 : H -- 5*40: X - 5*80; l - 20-52. ( ’ 2r) H. >5 X.d requires 
C = 02-48; R - 5*25; X — 5-84; I 20*43 per cent. Loss on 
drying --- 0*3. Co-IIo^N J ,t’I I 3 *0H requires CHyOH 0*3 per cent,). 
Its melting point, that of 1 : I'-diethylcarboeyanine iodide, and of 
their mixture, all lay at 287 2 88' ; melting was in all three cases 
followed by decomposition. In appearance, the green needles of 
the substance were exactly lib* those of 1 : I'-diethyloarbocyanine 
iodide. There were two absorption maxima at 0000 ami 5650, 
respectively, and of these, the former band was the more intense ; 
the compound was an excellent sensitiser, ami ils action extended 
to 0950 for moderate exposures and was uniform except for a centre 
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of depression in the green about 5100. The corresponding spectro- 
graphs for 1 : r-diethylcarbocyanine iodide were indistinguishable 
from these. 

Preparation of G : 6 '-Ditnetkyl-l : Y-di elhylca rbocyanine Iodide from 
G : Q'-Dimcthylmethylencdiqvinaldine Diethiodide. 

A solution of 1 mol. of G : 6'-dimethylmethylencdiquinaldine 
diethiodide (3*19 grams) and 2 mols. of quinoline methiodide in 
rectified spirit (300 c.c.) with | mol. of hydrochloric acid was treated 
with an alcoholic solution of 3| mols. of sodium. The yield of 
crude product was 61 per cent, of the theoretical, and after two 
recrystallisations from methyl alcohol it was 38 per cent. On 
drying in a vacuum at 120 — 130°, practically no loss in weight 
took place (Found : C = 63-S3 ; H = 5*81 ; N — 5*46 ; I — 25*16. 
C27H29N2I requires C — 63*77 ; H = 5*75 ; N — 5*51 ; I = 24*97 
per cent.). The substance showed no sign of melting up to 320°, 
nor did 6 ; 6'-dimethyl-l : l'-diethylcarbocyanine iodide, nor a 
mixture of the two dyes. They were exactly similar in appearance. 
The compound prepared by this new method gave a band of extra 
sensitisation which had a very marked crest in the extreme red at 
7050 and which fell off very rapidly to zero at 7350; this abrupt 
decrease in sensitiveness is characteristic of 6: G'-dimethyl-l : 1'. 
diethylcarbocyanine iodide, and its spectrograph, made for com- 
parison, was found to be identical. 

Benzyluhnediquinaldine and its Diacid Salts. 

Koenig's method of preparing benzylidenediquinaldine was 
followed ( loc . cit.). The hydrochloride was found to be not more 
but less soluble in water than in absolute alcohol containing a little 
hydrochloric acid; after one recrystallisation from the latter 
solvent the yield was 55 per cent, of the theoretical. The crude 
dihydrochloride w r as yellow, but three extra rce ry st all isat ions 
rendered it absolutely colourless. When heated, shrinking began 
at 147°; m. p. 154—156". A specimen for analysis was dried in 
a vacuum (Found : Cl — 15*85. Calc, for C 27 lI 25 XoCl 2 , Cl - 15-8: 1 
per cent.). This pure product still exhibited 4 remarkable property 
which was shown also by the crude substance, namely, where the 
daylight had failed to penetrate, the mass was pink instead of 
colourless. The pink tint was instantaneously dispelled on 
exposure to sunjight, but it redeveloped when the white dihydru* 
chloride was kept in the dark. 

Benzylidenediqivnaldine di nitrate was much less soluble in Imt 
dilute acid and in water than was the dihvdrochloride. The pure 
dinitrate was crystalline an i pale yellow. When heated, it became 
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sticky at 90° and melted at 100 — 112°, according to the rate of rise 
of temperature. It was dried in a vacuum desiccator before 
analysis (Found : N0 3 = 24*97. C2 7 H 2 4N 2 (\0 3 )2 requires X0 3 = 
24*78 per cent.). 

From its once rccrystallised dihydrochlorido, beautiful, colourless 
prisms of benzylidenediquinaldine were obtained by the following 
method : a slight excess of sodium hydroxide was dropped into a 
cooled aqueous solution of the salt, and the precipitated base was 
extracted with ether; after drying the ethereal solution with 
anhydrous sodium carbonate, most of the solvent was distilled ofl 
and the concentrated residue stirred, when crystallisation took 
place; the benzylidenediquinaldine was usually filtered from the 
small amount of ethereal solution with which it was in contact, as 
more soluble impurities were thus removed. For analysis, a 
specimen was dried over sulphuric acid in a vacuum (Found : 
C — 86*04; H - 5*99; X ~ 7*37. (J 27 H 22 X 2 requires C — 86*57 ; 
H = 5*93; N -- 7*49 percent.). Crystalline base was also deposited 
from benzene solution by evaporation of the solvent, and it could 
be recrystallised from hot acetone. When heated, the above 
analytically pure specimen melted at 90 94° to a cloudy liquid, 
which suddenly cleared when the temperature reached 100 — 107 5 ; 
its behaviour was due to transformation into a modification of 
higher melting point, and such a conversion occurred, without 
melting, when the temperature was slowly raised to 100 J . When 
the original base was more rapidly heated, as by placing it on a 
boiling-water bath, it gave a cloudy liquid, which gradually cleared 
and then crystallised on stirring; but if the liuid was allowed 
to cool to room temperature, the resultant glass was of so great a 
viscosity t hat even stirring and inoculation did not cause its crystal- 
lisation. The melting point of this second form was 106*5 — 107*5\ 
In two experiments, 35 grams of the dihydrochloridc gave 22 grains 
nf the base; that is, 75 per cent, of the theoretical yield (Found : 
l — SO* 84 ; H - (>*0S : X = 7*37. requires 0 — 80'57 ; 

H 5*93: X --7-49 per cent.). Thus from the analysis it was 
('(included that the two substances are isomeric forms of benzylidene- 
diquinaldine, and this was continued because t In- n»n version of the 
tir.'t modiiioation into the second was unaccompanied by change 
iti weight. The reverse transformation was effected by dissolving 
the substance of sharp melting point in absolute ether, for when the 
solvent evaporated, the form of indefinite melting point was 
recovered. Specimens of each were converted into dihydro- 
ehlnride, under identical conditions, and both salts formed the 
*ime type of crystals, with the same melting point. The bases 
briiavcd alike with methyl iodide. 
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Preparation of the Methiodides of Be nzylide n cdiq uinaldine. 

To prepare the climethiodide of bcnzylidenediquinaldine, thn 
base (10 grams) was heated with a large excess of methyl iodide 
(10 c.c.) in a sealed tube at 55 — 60° for twenty -four hours. To 
ensure the purity of the product, it was powdered and heated for 
a further twenty-four hours with the same amount of methyl 
iodide. After removal of ex'cess of methyl iodide, the solid was 
extracted with ether in a fcSoxhlet apparatus. The yield of dimetli* 
iodide was 93 per cent, of the theoretical and it was almost pure 
(Found: I -- 38-15 per cent.), but the complete purification was 
somewhat troublesome. It was boiled twice with small quantities 
of absolute alcohol, and after this treatment the iodide for analysis 
was reerystallised twice from ethyl alcohol and dried in a vacuum 
at 6(1 — 70° until of constant weight (Found : C = 52*79 ; H 
4-33; X = 4-19; 1 = 38-26. C 29 H 28 N 2 I 2 requires 0 = 52-89; 
H = 4-29; N = 4-26; T 38-57 per cent.). This dimethiodide 
formed minute, very pale yellow crystals which when heated began 
to darken at 170° and melted at about 183 — 200° with much 
decomposition. It was only slightly soluble in hot alcohol, but 
readily soluble in chloroform and could be precipitated by the 
addition of ether. The pure dry dimeth iodide appeared quite stable. 

Attempts to prepare the mono met h iodide of benzylidenedi- 
quinaldine by heating the substance with one equivalent of methyl 
iodide in a sealed tube at 55 — 60° resulted in the production of 
dimethiodide together with unchanged base; the compound was 
eventually obtained in a state of purity' by an experiment in which 
a large excess of methyl iodide was used, and one which would have 
yielded pure dimethiodide, but for the fact that the temperature 
of the bath was only' 48 D . Bonzylidenediquinaldinc (4 grams) and 
excess of methyl iodide (4 c.c.) were heated in a sealed tube at 
48° for twenty -four hours ; the product was powdered and again 
heated with methyl iodide {0 c.c.) for twenty-four hours. After 
extraction with ether and recrystallisation from alcohol, the yield 
of pure product was 76 per cent. It was dried in a vacuum at 
60 — 70° until of constant weight (Found: C — 64-80; H --- 4-99; 
N = 5-31 ; I -- 24-40. C 2S H 25 X 2 I requires C — 65-10 ; H -- 4*88; 
N = o*43; 1 = 24-59 per cent.). Darkening in colour occurred 
at about 155° with gradual decomposition from that point; m. p, 
170 — 177°. The monomethiodide formed larger crystals than the 
dimethiodide and differed from it by its considerably greater 
solubility in chloroform and in alcohol, and by its insolubility in 
water, whence addition of water to the alcoholic solution caused its 
precipitation. 
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The Action of Water on ftcnzylidcncdiquinaldinc Dimethiodide. 

Benzylidcnediquinaldine dimethiodide readily dissolved in hot 
water, giving a solution with a faint tinge of purple, and, on cooling, 
largo orange crystals separated ; analysis showed the percentage of 
iodine to have dropped by about 2 . To investigate the nature of 
this change, a solution of the dimethiodide (3 grams) in water 
(135 c.c.) was boiled under rcliux for two and a half hours, and the 
solid which separated on cooling was reerystallised three times. 
The product (0-9 gram) was in the form of orange needles, which 
darkened on drying; m. p. 231- 232 3 with decomposition. For 
analysis, a specimen was heated in a vacuum at GO — 70°, and the 
results wore those required for hcnzylidenequinaldine methiodido 
{Found : C 57*92; H - 4*43; X • 3-81 ; I - 33*71. C 18 H 16 XI 
requires C --- 57*91 ; H — 4*32; X — 3*76; I -- 34*02 per cent.), 
A specimen of benzylidenequinaldino methiodido, which was pre- 
pared for the sake of comparison, melted at the same temperature, 
and the melting point of the mix tun: was no lower. The compounds 
were identical in appearance. It was therefore concluded that, by 
the action of water, benzylidenediquinaklinc dimethiodide is 
converted into benzylidenequinaldino methiodido. 

BenzyUdetu :qni naldine nulhiodide, for comparison, was obtained 
by heating benzylidenequinaldino (1| grams) and excess of methyl 
iodide (2 c.c.) in a sealed tube at 63 —65 3 for twenty-four hours. 
After extraction with ether, the residue was reerystallised from 
water, when the yield was 66 per cent, of the theoretical value. 
For analysis, the compound was dried in a vacuum at 55 — 65 ° 
(Found : 1 = 33*85 per cent .). The orange crystals melted at 
231 — 232 3 with decomposition. 

I am deeply indebted to Dr. \V. H. Mills for his advice. 

University Chemical Labor \tory, 

Cambridge. fUccircJ, Xocoubtr 'loth, 1WJ2. j 


XXXIII , — An Examination of the Alleged Antimonions 
Hydroxides. 

By Charles Lea and John Kerfoot Wool. 

In connexion with work done by the authors on the oxychlorides 
of antimony, which will form the subject of a separate communica- 
tion, it became necessary to investigate the action of hydroehlorie 
ll <’id on hydrated antimonious oxide. A search of the literature 
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disclosed a certain amount of confusion concerning the nature and 
composition of the latter substance and therefore it was thought 
desirable to made a few experiments in the hope of obtaining more 
definite information on the subject; the results obtained in this 
inquiry form the subject of the present paper. 

In the early literature no mention is made of the existence of 
any definite antimonious hydroxide. Mitscherlich (J. pr . Chem., 
1840, 19, 445), referring to the precipitate obtained in the cold by 
the action of solutions of sodium carbonate on antimony chloride, 
states that the precipitate usually changes in the cold, and always 
on boiling, into a fine powder consisting of small octahedra of the 
oxide. A statement is, however, met with in some modem works 
to the effect that, under the conditions specified, a precipitate of 
definite composition, usually described as metantimonious acid, 
is obtained. Schaffner (Annaloi, 1844, 51, 168) referred to a 
product which he considered to be pyroantiinonious add, but this 
was later shown by Serono (Cazzeiia, 1894, 24, 274) to consist of 
orthoantimonic add. Clarke and Stallo (Ber.> 1880, 13, 1792) 
claimed to have prepared an orthoantimonious acid by the action 
of sulphuric add on barium antimonyl tartrate. The addition of 
a mineral acid to tartar emetic yielded a product which contained 
varying amounts of tartaric acid and of the precipitating agent, 
but Clarke and Stallo stated that the impurities in question could 
be almost entirely removed by washing. Guntz ( Compt . rend 
1886, 102, 1472) disputed this statement and asserted that even 
after washing until the wash -water gave no add reaction the 
precipitate still contained 5 per ceut. of tartaric acid. 

Long and Sauer ( J . Aw»er. Chem. -Soc . , 1891, 17, 87} also made 
experiments on the decomposition of tartar emetic solutions, using 
as precipitants solutions of alkaline carbonates, phosphates, acetates, 
tungstates, etc. A'o analyses of the products were given except 
in the case of that obtained by the use of sodium tungstate, in 
which ease the precipitate was contaminated with tungstic add 
and contained antimony varying in amount, between SO-2 and 
80-9 per cent.; Sb s 0 3 ,JH a O requires 81) --= 8U-81 per cent. 

Whilst not actually disproving the existence of definite hydroxides 
of antimony, the experiments made by the authors show that under 
the conditions specified by Clarke and Stallo the precipitate obtained 
does not correspond in composition with urthoantiiuomous acid. 
The composition of the product obtained by Long's method varies 
somewhat according tu the temperature of preparation; at the 
ordinary temperature, the composition of the precipitate approxim- 
ates to Sb 2 0 3 ,Uf z (f. 
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Expert m e n t a l. 

Action of Acids on Tartar Emetic and Similar Compounds. 

With the object of repeating the work of Clarke and Stallo, a 
quantity of barium antimony! tartrate was prepared by mixing 
.solutions containing equivalent amounts of tartar emetic and 
barium chloride. The dried crystalline product was found to 
contain 19*1 per cent, of barium; barium antimonyl tartrate 
requires Ba «= 19*32 per cent. 

An aqueous solution of the barium salt was mixed in the cold 
with one containing the theoretical amount of sulphuric acid for 
double decomposition. The filtrate obtained by removal of the 
barium sulphate was boiled and yielded a white precipitate, which 
was filtered, thoroughly washed, and air-dried. The amount of 
antimony present in two separately prepared samples was estimated 
[Found : (a) Sb = 04-2 per cent., equivalent to Sb 2 0 3 -f 4-73H 2 (); 
(6) Sb =■= 05‘2 per cent., equivalent to Sb 2 0 3 4-37 H 3 0]. 

Clarke and Stallo staled that their preparation, supposed to 
have a composition represented by the formula Sb 2 0 3 ,3H 2 0, was 
stable at 150°, but oil heating sample (a) in a steam-oven until 
it acquired constant weight it was found that the resulting product 
had a composition in agreement with the formula Sb. 2 0 3 .2 , 29H 2 (). 

Sample (6) was unchanged in composition after six months’ 
keeping in a closed bottle. 

A solution of tartar emetic was then treated with hydrochloric 
acid ; the resulting precipitate was washed by decantation until 
il commenced to peptise, when it was filtered, washed with water 
until the washings gave no reaction for chlorides, and dried on 
a porous plate until of constant weight. The product contained 
ftO'O per cent, of antimony, corresponding with a composition of 
S'h 2 0 a ,4‘21H.>0 ; a similar sample left exposed to air, hut protected 
from dust, was found after six months to have a composition 
corresponding with Sb.,0 3l 4‘44H.,0. 

Another portion of the washed product was kept in contact 
with a large volume of water for six months. The originally white 
solid had then assumed a pale butt colour, whilst the supernatant 
liquid was acid in reaction ami gave a white precipitate with silver 
nitrate insoluble in nitric acid. There was also present a gelatinous 
product, apparently organic in nature, similar to that frequently 
observed in solutions of tartaric acid which have been kept for 
s ome time. The butf-coloured solid, after washing and drying, 
contained 82*0 per cent, of antimony ; antimonious oxide requires 
8b -- 83-3 per cent. Under the in ie rose ope, the substance was seen 
to he made up of minute, octahedral crystals; the original dry 
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powder, however, was absolutely devoid of crystalline character and 
appeared to consist of minute, translucent globules when examined 
by means of the microscope, whilst when heated in an ignition 
tube it became distinctly charred and water was driven off. The 
original substance, on moistening, was found to have a faintly acid 
reaction towards litmus paper and to contain a trace of chlorine. 

The observations of the authors tend, therefore, to support the 
views of Guntz rather than those of Clarke and Stallo. Although 
the hydrated antimonious oxide cannot be freed from tartaric and 
mineral acids by the ordinary methods of washing, it would appear 
that these impurities are removed when the substance is left for a 
long period in contact with a large volume of water, and that 
during the process of purification the hydrated product undergoes 
conversion into the anhydrous oxide. 

Action- of Sodium Carbonate on Tartar Emetic . — According to 
Long (i loc . cit.), a hydrated antimonious oxide is formed when tartar 
emetic is decomposed by solutions of salts having an alkaline 
reaction. The reaction was studied by the authors under various 
conditions of temperature, an amount of sodium carbonate some- 
what in excess of that theoretically required being added to the 
tartar emetic solution. When the reaction took place at the tem- 
perature of the laboratory the precipitate only appeared after the 
mixture had stood over-night, but when boiling solutions of the 
two compounds were mixed an immediate precipitate was obtained. 
The precipitates were washed several times by decantation and 
were then filtered and washed very thoroughly in the Buchner 
funnel; the washed precipitates wen* dried in the air until of 
constant weight and were then analysed, the following results 
being obtained : 

(a) Product obtained at room temperature : 8b -- 80-85 per 
cent., corresponding with Sb 2 O s ,0 , 49H 2 O. 

(b) Product obtained at 100° : Sb — 82-87 per cent., correspond- 
ing with Sb 4 0 3 ,0-09H 2 0. 

It appears from the above results that the water content of 
the product is affected by the temperature at which precipitation 
takes place, and it was accordingly decided to carry out an experi- 
ment at 0° in the hope that a hydroxide of definite composition 
might be obtained. The precipitate obtained was treated in the 
same way as the previous ones and was found to have a composition 
corresponding with Sb. 2 O 3 ,0 -G3HoO. Both this product and that 
obtained at room temperature consisted for the most part of minute, 
globular particles mixed with a few octahedral crystals; the sub- 
stance prepared by the interaction of the boiling solutions consisted 
almost entirely of oetahedra. 
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Action of Alkaline Carbonates and Hydroxides on Antimonious 
Chloride . — It is stated in some text-books that a precipitate having 
Ihe composition of mctantimonious acid is obtained by the action 
of alkaline carbonates on solutions of antimonious chloride. On 
examining this reaction, it was found that a precipitate similar in 
appearance to that resulting from the addition of acids to tartar 
emetic was obtained, but tins changed after a few minutes into a 
comparatively dense, cream-eolourcd powder which, after washing 
and drying as usual, was found to have a composition corresponding 
with Sb 2 O 3 ,045H 2 O. The appearance, of the substance, when 
examined microscopically, was similar to that of the product 
prepared by Long's method. 

It had been observed that when solutions of antimonious chloride 
were titrated with sodium hydroxide the reaction towards its close 
proceeded very slowly and it was thought this might be due to 
the acid present in the amorphous precipitate, which was assumed 
to be an oxychloride, being only slowly removed. It was con- 
sidered that a more definite end-point might be attained by adding 
a slight excess of alkali and then titrating back with a standard 
acid solution. This was actually found to be the case, but the 
precipitate under these latter conditions changed in a few minutes 
to a dense cream-coloured powder, whereas when the alkali was 
added drop b} 7 drop to the original solution until a permanent red 
colour was obtained with phenolphthalein, the precipitate remained 
quite unaltered in appearanee for a considerable period. In spite 
of the difference in behaviour, the amount of alkali required in the 
two experiments was the same, thus indicating that the same 
amount of chlorine had been removed in each case. If, therefore, 
the original assumption that the amorphous white precipitate 
consisted of an oxychloride was correct, the cream powder should 
have a similar composition. In order to test this point, some of 
the cream-coloured pntluct was filtered, washed with alcohol and 
ether to avoid hydrolytic decomposition, dried, and analysed. 
The amount of chlorine found was less than 01 per cent., so pre- 
cluding the possibility of the substance being an oxychloride, 
whilst the percentage amount of antimony present was 81-0, 
corresponding with a composition of Sb 2 0 3 .045H 2 0. On examin- 
ation under the microscope, it was found to consist of minute, 
globular particles, and therefore resembled the products obtained 
by the other methods which have been described. The substance, 
instead of being an oxychloride, was evidently a hydrated anti- 
monious oxide containing a small amount of adsorbed hydrochloric 
acid. 

The action of ammonia on solutions of antimonious chloride was 
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also investigated, and it was found possible by this method to 
prepare antimonious oxide in a slightly hydrated condition and 
in a very fine state of division. The most satisfactory method of 
preparation consisted in pouring a solution of antimonious chloride 
in hydrochloric acid into an excess of a dilute solution of ammonia, 
the mixture being well stirred during the operation. As a result 
of this reaction, a white precipitate in a very fine state of division 
was obtained; it was washed with hot water until the washings 
gave no reaction either with Nessler's reagent or with a mixture 
of silver nitrate and nitric acid. When dried at 100°, the product 
contained 82-16 per cent, of antimony and only a minute trace of 
chlorine; no evidence of crystalline structure could be detected 
even when the substance was examined under the high power of 
the microscope. 

Discussion of Desalts. 

The results obtained by the authors appear to be readily explained 
in terms of t lie theory advanced by Collins and Wood (T., 1022. 
121, 441) in relation to the isomerism of the stannic acids. 

When hydrated antimonious oxide is liberated, as by the action 
of a mineral acid on a solution of tartar emetic, the finely divided 
precipitate tends to adsorb some of the added acid or some of t lie 
liberated tartaric acid, forming an adsorption product in equilibrium 
with the solution. On removing the supernatant liquid by decanta- 
tion and replacing it with fresh water, the equilibrium conditions 
are disturbed, and some of the adsorbed acid is removed; this 
operation is repeated at each decantation, until eventually it 
becomes impossible to detect the acid in the solution by the ordinary 
methods. 

The gradual removal of the acid makes possible the commence- 
ment of another action. Antimonious oxide is amphoteric in 
character, but as long as an appreciable quantity of an aeid is 
present the behaviour of the h}'drated oxidt^in an acidic capacity is 
impossible. As the acid is removed, however, the hydrated oxide 
begins to act as an acid in addition to behaving as a base; inter- 
action between molecules acting in these two capacities will lead 
to the formation of a condensation product of a salt -like nature. 
If the solid is left in contact with water for a considerable period, 
the last traces of adsorbed acid arc slowly removed and the procos 
of condensation continues until an almost anhydrous product is 
eventually obtained. 

Hydrated antimonious oxide is more feeble as an acid than as a 
base. When, therefore, the substance is precipitated by an alkaline 
reagent, there is little tendency for the formation of adsorption 
compounds with the alkali employed; on filtering and washing 
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(lie product, therefore, condensation can proceed unchecked and 
the almost anhydrous oxide is obtained more readily than when 
an acid precipitant is employed. 

The results obtained when a solution of ant im on ions chloride is 
titrated with sodium hydroxide may be explained as follows. The 
precipitate begins to separate before the neutral point is reached 
and may at this stage be regarded as a hydrated basic chloride. 
As the addition of the alkali is slowly continued, the chlorine is 
gradually removed, the removal of the last traces of halogen by the 
practically neutral solution taking place slowly ; the small amount 
uf acid retained by the precipitate makes no appreciable difference 
to the titration, but retards the process of condensation. If a 
slight excess of alkali is added, the whole of the halogen is eliminated, 
condensation can then proceed unhindered, and the nearly anhydrous 
oxide results. 

College or Technology, 

Manchester. [Received, November ldth, 1 922. j 
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By Pavitra Kumar Dutt. 

Dimroth ( Ber 1902 , 35, 404-1 ; Annalen, 1909. 364, 183) claims to 
have discovered a peculiar case of isomeric change of the diazo- 
amine type in connexion with his work on the synthesis of 1 : 2 : 3- 
tri azole derivatives. For instance, 5-aniino-l-phcnyI-l : 2 : 3- 
niazole-4-carboxylic ester (I), when heated in alcoholic solution 
with sodium othoxidc, is transformed into an isomeric substance, 
Vanilino-t : 2 : 34 riazoie-4 -carboxylic ester (11). The mechanism 
of the change, which is reversible, is explained by the author in 
the following manner : 
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The same change is brought about by the at lion i'f boiling 
lyndine or by heating the tlry substance alone. 

Tlie two esters, on hydrolysis, give the two corresponding carb- 
oxylic acids. Both, however, give the same acetyl derivative, 
corresponding to formula II inasmuch as it produces tlie ester II 
on being hydrolysed with aqueous alkali. 
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The two carboxylic acids, when healed, lose carbon dioxide ami 
produce the same substance, m. p. 139°, to which Dimroth ascribes 
the constitution of 5-anilinotriazole (III). 
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Dimroth also prepared an iso me ride of this compound, m. p. 110', 
in a manner which leaves no doubt as to its constitution {Anvaleu, 
1909, 364, 210). He represents this substance as 5-amino- 1- 
phenyl- 1 : 2 : 3-triazole (IV). 

The latter (IV), when heated alone at 145° or boiled with pyridine, 
is converted into the former (III). The mechanism of the change 
is, according to Dimroth, the same as that of the ester I into II. 
and he accounts in a similar way for the conversion of 5-methyl- 
amino- 1 -phenyl- 1 : 2 : 3-triazole (V) into 5-anilino-l -methyl- 1 : 2 : 3- 
triazole (VI) by heating with water or pyridine. 
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No attempt has been made by Dimroth to elucidate the con- 
stitution of what he calls 5-amlinotriazolc (III). The formation 
of a nitroso -compound is not sufficient proof of its constitution, 
and one of the objects of this investigation was to find evidence 
for or against this formula. The conversion of Dimroth’s 5- 
methylamino-l-phenyltriazole (V) into 5-anilino-l -methyltriazolo 
(VI), which he regards as a proof of its constitution, merely shows 
that the mechanism of the isomeric change, whatever it may be, 
is the same in all three cases. 

It appeared to the author that Dimrotlvs hypothesis is untenable 
on the ground that the same changes are brought about in a solvent 
like dry pyridine or by heating the dry substances only. In this 
paper a simpler explanation of this change is formulated. 

Assuming the structure of Dimroth ‘s 5-mcthylamino-l -phenyl- 
triazole to be correctly represented by V, it can be easily imagined 
that under the influence of heat or various reagents the hydrogen 
atom of the methylamino-group migrates from the nitrogen to the 
adjacent carbon atom of the triazolc ring, the consequent redistribu- 
tion of the valencies of the different atoms forming part of the ring 
being represented in VI I. Ring closure by union of the free 
valencies of the nitrogen atoms would immediately ensue and the 
four-membered ring (VIII) be produced. 
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(IX.) 
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Now from its method of formation, Dimroth's 5-anilino-l-methyl- 
triazole may be regarded as having undergone the same isomeric 
change (IX ^X). 

On comparing the two formulae VIII and X, it is easily seen that 
they represent the same substance. The change of the substance 
V, m. p. 102°, into the isomeride (X) of m. p. 172° is thus made 
clear. The constitution of the latter is, however, not thereby 
proved, for it may be represented by VIII (or X) or by that (VI) 
of Dimroth’s 5-anilino-l-methyltriazole, the hydrogen atom 
attached to the tertiary carbon atom (formula VIII or X) having 
wandered to the negatively substituted nitrogen atom with conse- 
quent opening of the four-mernbered ring. 

In order to obtain evidence for one or other of these formulae 
(VI and VIII), and also in support of the scheme just formulated, 
two different series of compounds have been made under exactly 
similar conditions. In one series, 5-hydroxy- 1 -phenyl-1 : 2 : 3- 
triazole-4-earboxylie ester (Dimroth, Ber., 1902. 35, 4040), prepared 
by condensing phenylazoimide with malonic ester, was converted, 
by successive treatment with phosphorus pentaehloride and with 
p-toluidinc, into an ester, the free acid of which, by loss of carbon 
dioxide, readily gave a substance, m. p. 171 — 172°, which would, 
according to the above hypothesis, have the constitution 


(XI.) PhX<I >X*0-H- n orC-H.*X< y (XII.) 

' * TH- - - ‘ -CH ' 1 C(XHPh):CH ' } 


The substance does not give an acetyl or an X-nitroso-derivative 
and therefore its constitution must be represented by XI. 

Similarly, ill the second series of experiments, starting from 
p-tolylazoimide and malonic ester and going through the same 
course of reactions but substituting aniline for p-toluidine, the free 
acid obtained yielded, by loss of carbon dioxide, the identical 
substance (XI), m. p. 171—172". The constitution given to the 
substance, and the hypothesis formulated above, may therefore 
be regarded as established, although the evidence is mainly indirect. 

Dimroth** 5-anilinotriazoIe should therefore be regarded as 
- : 5-imino-l-phenyldihydrn- 1 : 2 : 3-triazole, 


"«<?h> s - h 


ito IX11[) 


This formula accounts for all its properties 4s yet examined, 
ri’r example, it gives a colourless mononit roso -com pound which 
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dissolves in alkalis, forming a colourless solution. On keeping, 
especially in sunlight, and on recrystallisation from alcohol, it 
changes to a greenish-yellow compound. The latter gives a red 
solution in alkalis, from which the yellow nit roso- compound is 
precipitated on the addition of acids. These changes may be 
represented as follows : 
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The nitroso-compound, when heated with water or sodium 
bicarbonate solution, gives the original phenyliminodihydrotriazolo 
(XIII), and when heated with aniline forms the same compound 
together with ammoazobenzene. 

The substance XIII gives a monomethyl (m, p. 198 — 199°) and 
a monoacetyl (m. p. 141 — 141*5°) derivative, as would be expected 
from its structure. If Dhnroth's formula were correct, a disub- 
stituted product should be formed in each case. It should, however, 
be mentioned that the monomethyl derivative described in this 
paper differs in its melting point from Dimroth s 5-anilino-l-methyb 
triazole (m. p. 172°), and it is hoped that further work will reveal 
the constitution of the former. 

Lastly, the substance XI IT is not very stable. Treated with an 
oxidising agent, it readily decomposes, giving off nitrogen and 
phenylcarbylaminc. Its alcoholic solution gradually decomposes 
at the ordinary temperature and smells strongly of carbylamino, 
and the same odour is developed even by the carefully purified, 
odourless substance, after keeping in a dry bottle for some time. 
It seems as though the internal strain of the four-membered ring 
is sufficient to make the whole molecule unstable. 

Dimroth s acid ester (11) should, according to the evidence pul 
forward in this paper, be regarded as having the constitution : 

(\vr.) PhX< ^ >MI M 
v ' rll~ — — ocodt 


It is obvious that the transformation of the ester f into XVI 
and vice versa by the action of heat or various reagents can also 
be accounted for’by the same scheme as given above (p. 266). 

The iminodihydrotriazole derivatives having two different 



dutt : 2 : 5-raiNODinYDEO-l : 2 : 3 -tbiazole. part i. 269 


radicles in the four-membered ring contain an asymmetric carbon 
atom. Experiments on the resolution of these compounds are in 
progress. 

Experimental. 

Phenylazoimide — The method of preparing aromatic azoimides 
previously described (T., 1921, 119, 2088) has been modified so 
that fairly large quantities can be made in a short time and at a 
reasonable expense. Twenty-eight grams of aniline, dissolved in 
90 c.c. of strong hydrochloric acid and 90 c.c. of water, are diazo- 
tiscd with 21 grams of sodium nitrite dissolved in 60 c.c. of water. 
The diazo-solution is added to a solution of 51 grams of p-toluene- 
sulphonamide and 45 grams of sodium hydroxide in 700 c.c. of 
water at the ordinary temperature. After some time, the mixture 
is steam-distilled and the azoimide purified in the ordinary way. 
Yield 26 — 27 grams. 

p -T olylazoimi.de . — The same procedure is followed in this case. 
Forty grams of p-toluidine, dissolved in 120 c.c. of strong hydro- 
chloric acid and 1)0 c.c. of water, arc diazotised with 28 grams of 
sodium nitrite in 60 c.c. of water. The diazo-solution is added to 
f)l grams of p-tolucnesulphon amide and 60 grams of sodium 
hydroxide dissolved in 700 c.c. of water. Yield 31 — 32 grams. 

Ethyl 5-Aini)io-\-phenyl-\ : 2 : S-triazoleA-carboxylate (Formula 
I).— A cold solution of 4*6 grams of sodium in 100 c.c. of anhydrous 
ethyl alcohol is mixed with 22 grams of phenylazoimide, and 
22 grams of ethyl cyanoacetate are gradually added with frequent 
shaking and with external cooling. After leaving over-night, the 
mixture is diluted with about 600 c.c. of water. The precipitate 
(yield 29 — 30 grams ; m. p. 125 — 126 c ) crystallises from benzene 
in needles and from alcohol in plates, the melting point remaining 
unchanged (Found : X — 24-26, Calc., X = 24*13 per cent.). The 
filtrate and washings, when acidified with concentrated hydrochloric 
acid, give a crystalline precipitate (prisms) of the free acid, which 
melts at about 140° with decomposition. Yield 5 — 6 grams. The 
crude acid is crystallised from alcohol with charcoal treatment 
and then melts at 141 — 142 ' with decomposition (Found : C = 53-01 ; 
H = 4-20 ; X = 27-65. Calc., C - 52-94 ; II = 3*92 ; X - 27-45 
per cent.). The same carboxylic acid is obtained by hydrolysing 
the above ester with aqueous alcoholic sodium hydroxide. 

The acetyl derivative of the ester, obtained by boiling it with 
an equal weight of acetic anhydride for half an hour, separates 
from spirit in needles, in. p. 103 — 104“ (Found : X — 20-51. Calc., 
X — 20-44. Dimroth gives m. p. 90° and X = 20-11 per cent.). 

Ethyl 2 : 5- / mi no - 1 -phci) yldihydro - 1 : 2 : 3 -triazoleA-ca rho.rylaic 
-XVI). — Thirty grams of the ester I and 70 c.c. of dry pyridine 
voi. oxxnr. " r .- 
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arc heated together under reflux at 150 — 160° for live to six hours. 
The mixture is then poured into 500 c.c. of water, cooled, and 
acidified with hydrochloric acid. The precipitate, which resembles 
cotton wool in texture and appears under the microscope as a mass 
of long, hairy crystals, is collected, dissolved in spirit, and the 
solution treated with a large volume of aqueous sodium carbonate 
(10 per cent.). A little unchanged insoluble ester having been 
removed, the filtrate is acidified and the imino-ester (yield 28 — 21) 
grains ; m, p. 124 — 126°) recrystallised from dilute alcohol ; needles, 
m. p. 121) — 130° (Found: N — 24-21 per cent.). 

The acetyl derivative of this ester, obtained as in the previous 
instance, melts at 103 — 104°, alone or mixed with the acetyl 
derivative of ester I. 

The methyl derivative of the ester is prepared by boiling 1 l-(i 
grams (1 mol.) of the substance in a solution of 4-0 grams (2 atoms) 
of sodium in 100 c.c. of anhydrous alcohol together with 30 grams 
(more than 2 mols.) of methyl iodide until neutral. The alcohol 
having been distilled off and water added to the residue, the mixture 
is made slightly alkaline and cooled, and the solid (yield 8 grams) 
recrystallised from benzene; needles, m. p. 98 — 99° (Found : N 
23-10. ('i 2 H 14 0.,X 4 requires X = 22-76 per cent.). The substance 
is therefore a monomethyl derivative. Its constitution has not 
yet been proved. Unlike the parent ester, it docs not give phenyl- 
carbylamine when treated with sodium hypobromite. When 
hydrolysed with alcoholic sodium hydroxide, it gives the free acid, 
and the latter on reervstalljsation from spirit melts at 222° with 
decomposition (Found: X 25-04. ( 10 H 10 O,>X, 1 requires X 
25-68 per cent.). 

Conversion oj lb l mino-rshr (XVI) into the Amiu<he*tir (I). — 
Ten grams of the ester and 150 c.c. of anhydrous alcohol art 1 heated 
under reflux while a current of dry hydrogen chloride is passed 
through for six to seven hours. The alcohol is now distillrd 
off, the residue treated with a large volume of aqueous sodium 
carbonate (10 per cent.), and the precipitate, after being washed 
and dried (yield 2-5 grams), recrystallised from benzene. Tin- 
product melts at. 125—126° (Found : X ~ 24-61 per cent.) and is 
identical with the ester T. From the filtrate, the imino-ester is 
obtained on the addition of hydrochloric acid. Dimroth {An note >k 
1909 , 364, 205), by heating the substance in alcoholic solution ui 
.150° for three hours, obtained a 23 per cent, conversion into tin 
amino-ester (1), but he did not isolate the product. 

Hydrolysis of the Acetyl Derivative of the Ester — Ten grams of the 
acetyl compound, dissolved in alcohol, are heated in a current of 
dry hydrogen chloride as in the previous experiment. After two 
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hours* heating, the mixture is treated with sodium carbonate 
solution. A little insoluble matter (0*7 gram) is collected and 
recrystallised from alcohol. It melts at 124 — 126° (Found : N = 
24-26 per cent.) and is identical with the ester I. The sodium 
carbonate solution, on the addition of hydrochloric acid, gives a 
considerable quantity of the ester XVI. The acetyl compound is 
therefore derived from the latter. 

2 : 5-Imino-l-pkenyldihydro-l : 2 : 3 -triazole (Formula XIII).— 
Dimroth (Ber., 1902, 35, 4041) prepared this compound by heating 
the acid corresponding with the ester I and obtained a yield of 
73 per cent, of the crude substance. A better method is as follows : 
20-4 grams of the free acid and 50 e.e. of dry pyridine are heated 
together under reflux at 120—130°. After half an hour, the evolu- 
tion of carbon dioxide ceases, and after two hours the liquid is 
poured into 500 c.c. of cold water, acidified with hydrochloric acid, 
and the solid collected; m. p. 138 — 139°, yield 14*5 grams (90 per 
cent.). After recrystallisation from alcoholic solution with charcoal 
treatment, it is obtained in colourless, rhombic crystals, m. p. 140° 
(Found : X" -- 35-15. Calc.. X — 33 0 per cent.). 

The picrate, obtained by mixing alcoholic solutions of the sub- 
stance and of picric acid, forms needles, m. p. 163° with decomposi- 
tion (Found : N — 25-33. C 8 H 8 N 4 ,C 6 H 3 0 7 N 3 requires X = 23-19 
per cent.). 

The acetyl derivative is obtained by warming the substance with 
three times the quantity of acetic anhydride on the water-bath 
until the mixture just begins to darken. Prolonged heating results 
in decomposition producing a black, sticky mass. The mixture is 
poured into water, made alkaline with sodium carbonate, and the 
precipitate crystallised from spirit; needles, m. p. 141 — 141-3 
(Dimroth gives m. p. 137—138 ) (Found: X ^ 28*14. Calc., 
X = 27-72 per cent.). On hydrolysis with aqueous sodium 
hydroxide, the original substance (XI 11) is obtained. 

The methyl derivative of the substance (XIII) is obtained in the 
>ame way as in the case of methylation of the ester (XVI). It 
crystallises from absolute alcohol in thick plates and melts at 
198-199° (Found : X - 32*32. C 9 H 10 X 4 requires X = 32*18 per 
cent.). Unlike the parent substance, it is insoluble in alkali and 
does not give carbylamine when treated with alkaline oxidising 
agents. Its constitution has not yet been proved. 

^ ttroso-de rival ive of the Base. XIII . — Ten grams of the freshly 
purified base, dissolved in 400 c.c, of dilute hydrochloric acid (10 per 
cent.), are treated at 5° with 5 grams of sodium .nitrite, dissolved 
111 100 c.c. of water. The colourless precipitate is washed with 
ice-cold dilute hydrochloric acid and with ice-water and dried in a 

L 2 
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vacuum desiccator in the dark. Yield 11 grams. It melts with 
decomposition at 117 — 118° (Dimroth gives m. p, 115 — 116°) 
(Found : N = 37*6. Calc., N = 37-03 per cent.). It dissolves in 
dilute sodium hydroxide solution in the cold, forming a colourless 
solution, which when warmed gradually turns red and decomposes. 
On prolonged exposure to sunlight, the colourless solid turns 
greenish-yellow' and then gives a red solution in alkali. When 
recrystallised from cold alcohol, the coloured crystals are obtained. 
Both substances give Liebermann’s nitroso-reaction. 

The nitroso-compound is insoluble in sodium bicarbonate solution 
in the cold and when heated gradually dissolves with partial de- 
composition (smell of carbylamine). The precipitate obtained 
on acidifying the clear solution melts at 139 — 140° after recrystal- 
lisation from alcohol and is identical with the parent substance 
(XIII) from which the nitroso-compound is derived. The same 
change occurs when a suspension of the nitroso-compound in 
water is heated. 

Action of Aniline on the N itrosO'Compound ( XIV or XT). — Five 
grams of the nitroso-compound are heated with 10 c.c. of aniline 
on the water-bath for about two hours, the aniline is distilled of! 
in steam, and the residue extracted with hot water and filtered. 
Crystals appear when the filtrate is cooled. These are filtered oil 
and the clear filtrate used again for extracting the above residue. 
The total crop of crystals is then thoroughly dried and exhaustive!} 
extracted in a Soxhlet apparatus with light petroleum. The 
extract deposits a reddish-brown, crystalline substance which 
melts at 124 — 126 a and is aminoazobenzene (Found : N = 21X1 
per cent.). The insoluble residue remaining in the Soxhlet is 
dissolved in alcohol, decolorised by boiling with animal charcoal, 
and crystallised. Colourless crystals are obtained which melt at 
139 — 140°, alone or mixed with the substance XIII (Found: 
X — 35-2 per cent.). 

Ethyl 5-IIydroxy-l-phcnyl-l : 2 : 3-iriazolcA-carbomjlatc. A cold 
solution of 9-5 grams of sodium in 125 c.c. of anhydrous alcohol b 
mixed with 50 grams of phenylazoimide, and 70 grains of ethyl 
malonate are added gradually with shaking and cooling. Tin- 
mixture having been heated under reflux for about two hours, the 
alcohol and unchanged azoimide are distilled of! in steam, and the 
hot aqueous solution of the residue filtered. On acidifying the 
filtrate with hydrochloric acid, a semi-solid mass separates which 
solidifies on cooling. It is filtered, washed, and dried. Yiehi 
70—73 grams. <Jn rccrystallising from spirit, the ester separalf- 
in yellow' prisms, m. p. 72— 73 = (Found : X — 18-34. C n H n O^- 
requires X — 18-02 per cent.). 
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Ethyl 5-7/ ydroxy - 1 - p-tolyl - 1 : 2 : 3-triazoleA-carboxyfale is made 
in the same way as the preceding ester, Using 9 grams of sodium, 
125 c.c. of anhydrous alcohol, 45 grams of p-tolylazoimidc, and 
06 grama of malonic ester, 65 — 70 grams of the crude ester are 
obtained. It crystallises from spirit in dull yellow prisms, m. p. 
OS— 99° (Found : X = 17*13. C 12 H 13 0 3 X 3 requires N = 17-0 
per cent.). 

Ethyl 5-ChlorO‘l-phe.nyl-\ : 2 : Z-triazohA-carboxylaie y 

Nlh< 'a'i:circo,Kt‘ 


- Thirty-four grams of the hydroxy-ester and 40 grams of phos- 
phorus pentachloride are heated together on a gently boiling 
water-bath under reflux for about an hour and «a half. It is well 
to add the phosphorus pentachloride in several portions by 
momentarily disconnecting the flask, as otherwise the reaction is 
likely to become too vigorous. The phosphorvl chloride is then 
distilled olf in a vacuum from a water-bath, and the residue dis- 
Mtked in ether. The ethereal solution is washed several times 
with water, the ether distilled off, and the residue crystallised 
from methyl alcohol; colourless needles, m. p. 80—81° (Found: 
X -- 17*09. Calc., N = 10*7 per cent.). The same substance is 
obtained by the action of nitrous acid on the ester I, dissolved in 
concentrated hydrochloric acid (I)imroth, Annalen, 1909. 364 ( 212). 

Ethyl 5 - Ch loro - 1 - p - tobjh 1 : 2 : 3-triazok-4.-carboxylatf \ — This sub- 
dance is made in the same way as the preceding. It crystallises 
from absolute alcohol in colourless prisms, in. 01 — 02 : (Found : 
X - 10*07. C 12 H 12 0 2 X; 5 a requires X — 15-81 per cent.). Using 

grams of the hydroxy-ester and 45 grains of phosphorus ponta- 

- hloride, about 12 grams of the pure ehloro-derivative are usually 
retained and a little more can be recovered from the mother- liquor- 

Action of p -Tcluidine on Ethyl 5 - Ch loro - 1 - ph oiyUriazokA- 
•'trboxylaie . — Forty grams of p-toluidinc and 25 grams of the ester 
arc heated together on a water-bath for five to six hours. The 
excess of p-toluidino is then distilled off with steam, the residue 
dissolved in ether, the ethereal solution washed several times with 
water, and the ether distilled off. The residue, which consists 
of ethyl 2 : 5-p-tolyIimino-l-phenyldihydro-l : 2 : 3-triazolc-4-carb- 
(ixylatc, is hydrolysed with alcoholic potassium hydroxide. The 
aqueous alkaline solution of the free acid is saturated with carbon 
dioxide, decolorised by treatment with animal charcoal, and 
filtered. On adding hydrochloric acid to the cooled filtrate, a 


colourless precipitate of the free acid is obtained, m. p. 84 — S7 J 
with decomposition; yield about 25 grams. Its alcoholic solution, 
when warmed on the water-bath, gradually evolves carbon dioxide, 
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forming the substance XI, which is, however, best obtained by 
heating the free acid in a paraffin-bath at 150 — 160°. When no 
more carbon dioxide is given off, the residual mass is dissolved in 
hot alcohol, decolorised, and allowed to crystallise. It forms 
elongated plates or needles which are colourless with a silvery 
lustre, and melts at 171 — 172° (Found: 0 = 71*6; H = 6‘0: 
N 22-6. C l5 H 14 N 4 requires C = 72 0; H = 5*6; N = 224 
per cent.). 2 : 5-p-Tolylim ino-\-phenyldihydro~l : 2 : 3 -triazole is a 
neutral substance, insoluble in hydrochloric acid or sodium hydroxide 1 
solution. It is soluble in glacial acetic acid, from which it crystal* 
Uses well, and does not react with acetic anhydride even on 
prolonged boiling. 

Action of Nitrous Acid on XI. — 1*3 Grams of the substance, 
dissolved in 25 c.c. of glacial acetic acid, are mixed with 10 c.c. of 
dilute hydrochloric acid (10 per cent.), and treated with 2 c.c. of 
25 per cent, solution of sodium nitrite. The nitrous acid acts very 
sluggishly and the mixture gradually turns yellow. After eight 
hours, the clear solution is poured into 400 c.c. of cold water. The 
yellowish-orange gummy mass that separates is filtered, washed 
with water (yield 1-2 grams), dissolved in spirit, and water added 
in small quantities, when an emulsion is formed from which orange 
prisms are obtained. These melt indefinitely at 135 — 140°. The 
percentage of nitrogen in various crops of crystals varies from 23-2 
to 23*5. The nitrogen content for a mononitroso-compound should 
be 25*09 per cent. As the substance does not give Lieberm aim’s 
nitroso-reaction, it cannot be the X-nitroso-derivative. The nitrous 
acid must have reacted in a way which is at present inexplicable. 

Act-ion of Aniline on Ethyl 5-Chloro-\-p-tohfliriazoleA~carbo.n/laf<. 
— Forty grams of aniline and 26-6 grams of the ester are heated 
together on a water-bath for five to six hours and the resulting 
mass is treated as described above (p, 273). The crude free acid 
usually amounts to about 25 grams and melts with decomposition 
at 76 — 81°. When heated in a paraffin-bath as before, it loses 
carbon dioxide, and the product on reorystallisation from alcohoi 
melts at 171 — 172°, alone or mixed with the substance XI. Both 
have the same crystalline form and behave exactly alike with 
various reagents. 

In conclusion, the author wishes to thank Professor *T. B. Cohen. 
F.R.S., for criticism and encouragement, and the Research Fund 
Committee of the Chemical Society for a grant which has partly 
defrayed the expenses of this investigation. 

The Organic Chemical Laboratories, 

The University, Leeds. [Received, October 2 (M, 19^2.] 
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XXXV . — The Absorption of Moisture by Coal (and other 
Fuels), Part I, A Relation between Degree of 
Humidity in the Air and Moisture Content of Coal, 
By Burrows Moore and Frank Sturdy Sinnatt. 

It has been known for many years that samples of coal, on exposure 
to air, after the initial rapid evolution of occluded gases has sub- 
sided, gain or lose weight according as the condition of the coal 
is dry or wet relative to the surrounding air (see X. W. Lord, 
“Experimental Work of U.S.A. Fuel-testing Plant/’ 1907; W. A. 
Bone, “ Coal and its Scientific Uses,” 1918 ; V. B. Lewis, “ Carboni- 
sation of Coal,” 1918 ; J. S. S. Brame, “ Fuel,” 1914). 

A review of recent investigations shows that comparatively 
little information has been published as to (1) what extent the 
variation in weight is associated with the variation in degree of 
humidity of the surrounding air, (2) the relation of the variation 
of the moisture content in the air to the variation of “ loosely 
combined moisture ” in the coal, (3) what extent, if any, tin- 
absorption of moisture and of oxygen influence one another. 

Published literature indicates that most investigators, in 
attempting to obtain a proportionate estimate of the various effects 
and reactions associated with the “ weathering J * of coals, have 
concentrated their attention, in particular, on the capacity of 
coals to absorb oxygen. Most of the experiments of other investi- 
gators with coals in a fine state of division appear to have been 
made on samples of considerable weight and at temperatures 
higher than normal atmospheric temperature. In the present 
investigations it was decided to conduct all experiments at the 
temperature of the air in the laboratory and to use samples of 
fuel in the form of thin layers in order to minimise the effect of 
incomplete or uneven absorption and to emphasise the influence 
of size of the particles. 


Experimental. 

The experiments were made on samples ot Wigan Arlcy. Wigan 
Yard, anthracite, Indian coal, gas coke, and Irish peat, which 
had been stored for some months after being mined. About 3 
grams — sufficient to cover the bottom of shallow glass dishes 
(21 inches in diameter) as a thin layer — of the samples, ground 
to pass a 200 X 200 mesh sieve, were heated for one hour in an 
oven at 105', cooled over concentrated sulphuric acid in desiccators, 
ami weighed. They were then exposed to the air of the laboratory. 
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Each dish was placed on a central support of height 1 inch, this 
support being surrounded by four others of height £ inch. A glass 
dish 4 inches in diameter was inverted over the sample so as to rest 
on the small supports. This arrangement was adopted in order 
to protect the sample from dirt, etc., during exposure to the air 
of the laboratory. 

The variation of humidity in the air was recorded by a wet and 
dry bulb hygrometer, suspended in the air immediately surrounding 
the samples. The temperature of the air was recorded. Readings 
of the hygrometer and the thermometer were noted immediately 
before the samples were weighed, this being done at definite 
intervals of time during a period of about one thousand hours. 
Curves were constructed by plotting values of degree of humidity 
and of percentage increase of weight at the same intervals of time. 
The curves were so drawn that the slope at any point would represent 
the rate of change of the degree of humidity or the rate of change 
of the percentage increase of weight. In the case of the samples of 
Wigan Yard, anthracite, Indian coal, gas coke, and Irish peat, 
the results are represented graphically for two separate periods, 

(1) from the moment of exposure to the four hundredth hour, 

(2) from the five hundred and eightieth hour to the nine hundred 
and eightieth hour. It was considered of interest to ascertain the 
difference, if any, between the curves during the first and the 
second periods. 

Discussion. 

The steepness of the slopes of the curves of percentage increase 
of weight for the first 24 hours, as compared with that of Ilu> 
humidity curve, suggested that during this period either (1) tin- 
absorptive capacity of the coal for moisture is so great that a 
considerable variation in the humidity of the air appreciably affects 
neither the rate of absorption of moisture nor the quantity absorbed, 
or (2) the rapid increase of weight is mainly due to absorption and 
dissolution of oxygen. After the first t went y-f our hours’ exposure, 
the samples seem to become more or less saturated with physically 
and chemically absorbed moisture, oxygen, and other gases from 
the air, and so soon as the initial “ fresh ” reactive condition i> 
passed the variation in weight seems proportional to that of the 
degree of humidity, suggesting that the gain or loss of weight is 
now due chiefly to gain or loss of moisture, some of which at least 
seems to be loosely attached to the still permeable or porous 
sample of fuel. 

A further analysis of the curves in the case of the Arley and 
anthracite samples— by plotting values of percentage increase 
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of weight against corresponding values of degree of humidity 
(Figs. 3 and 4) — shows that during the particular periods of exposure 
the points plotted lie very nearly on a smoothed curve. It will 


Fro. 1. 



Fig. 2. 
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be seen that in both cases the smoothed curve for the first twenty- 
four hours of exposure is approximately parabolic; from the 
twenty-fourth hour there appears to he a definite qualitative relation 

I * 
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between degree of humidity and percentage increase of weight, 
although the rate of the average increase of weight is not constant 
throughout the whole period of exposure. 

The curves (Fig. -) of the other fuel samples examined indicate 
that in these cases a similar relation exists. 

It is concluded that from about the twenty -fourth hour of exposure 
the relation between degree of humidity and percentage increase of 



weight is capable of being represented approximately by a simple 
formula, and would indicate the existence of certain constants 
specific of the various fuels — -by means of which the moist ure 
content of a fuel could be approximately calculated from the 
degree of humidity of the air surrounding it. 

The relation between increase of weight of a fuel and degree of 
humidity of the air disclosed by the curves precludes the probability 
that absorption of oxygon increases with decreasing absorption 
of moisture and suggests that the effect of oxidation is practically 
negligible. 
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The results described in the present paper, and others to be 
published later, appear to furnish evidence of the colloidal nature 
of coal ; and it would seem that the method described here might 
be applied to the differentiation of the colloidal nature of coals 
and their constituents as well as to the characterisation of the 
different types. 

It is suggested that the transitional changes which occur in the 
formation of coal seams may be accompanied by an alteration in 
the colloidal nature of the changing material. 

Summary . 

(1) The rate of absorption of oxygen by a fuel decreases until after 
the first twenty-four hours* exposure it is so slow that variations 
in humidity produce proportionate variations in the increase of 
weight of the fuel. 

(2) After about the twenty-fourth hour of exposure, a close 
relation exists between increase of weight and degree of humidity ; 
such relation being representable by a simple formula and 
suggesting the existence of constants — specific to the type of fuel 
examined — by which the approximate moisture content might be 
determined by simple calculation. 

(3) No relationship appears to exist between variation in the 
absorption of moisture and absorption of oxygen. 

(4) The fact that the moisture content of coal undergoes rapid 
variations is of importance in the preservation of samples for 
analysis. 

(5) The variation in moisture content may have an unsuspected 
influence on the degree of inflammability of coal dust. 

The authors wish to express their thanks to the Department 
of Scientific and Industrial Research for a grant to one of 
them which partly defrayed the cost of the investigation; 
acknowledgment is also due to the Lancashire and Cheshire 
Coal Research Association for supplying the samples of fuel 
used. 

Thu College of Technology, 

Manchester. [Hcccivcd, November 2 SM, 1922.] 
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The Metallurgical Applications of Physical Chemistry. 

A Lecture Delivered before the Chemical Society on 
December 14th, 1922. 

By Cecil Henry Desch. 

Historians of science have recognised the debt that chemistry 
owes to the practical metal smelter and refiner. Centuries of 
experience in the extraction of metals from their ores and in the 
removal of impurities by refining led to the accumulation of a vast 
store of facts, on which the scientific chemist could draw at need, 
and studies of the behaviour of metals are prominent in the work 
of most of the founders of chemistry, Boyle, Mayow, Priestley, and 
Lavoisier. In more recent times the debt is being repaid, the 
practical metallurgist making use of the knowledge gained by the 
scientific chemist to improve his processes or to devise new ones, 
to remove harmful impurities, or to modify the properties of metals 
by the formation of new alloys. Metallurgical science is an applic- 
ation of physics and chemistry to the special case of the metals, and 
the corresponding art is founded, more and more deliberately as 
industry advances, on the science. 

It is in the domain of physical chemistry that applications of 
known scientific principles to metallurgy have been most fruitfully 
made. On the other hand, the physical chemist has a rich field 
for study in the ascertained facts of metallurgical experience, a 
Held in which ample opportunity may be found for verifying 
theoretical conclusions by the observation of technical processes. 
This is nowhere more conspicuous than in the study of chemical 
equilibria, since most processes in the smelting of metals depend 
on balanced reactions. The application is not always easy, fer 
the number of components of a system may be large, whilst hetero- 
geneous systems arc commonly involved, solids, liquids, and gases 
being concerned at once in the reaction. In such cases, as is wel! 
known, it is difficult to ensure equilibrium, especially when some of 
the reacting substances are solid. This is true even in laboratory 
experiments, but on the large scale, when the gases pass through 
the reaction vessel with a certain velocity, the difficulty becomes 
more acute. At the high temperatures usually involved, however, 
the departure from equilibrium is sometimes quite small. 

As an example of such reactions, the roasting of a sulphide ore 
by heating in air may be taken. The sulphide is heated to a tem- 
perature well below its melting point, and the products are the 
oxide and the sulphate together with sulphur dioxide, the reactions 
being reversible. The conditions under which the one or the other 
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solid product may be formed have been determined, and on the 
proper control of the roasting conditions depends the success of 
the process. Thus, in preparing a zinc ore for the distillation 
process, the removal of sulphur must be as complete as possible, 
and the formation of sulphates is, therefore, to be avoided, whilst 
in an old process for separating silver from copper the former is 
converted into sulphate at a temperature at which copper sulphate 
is completely decomposed, forming the oxide. In such cases, no 
doubt, the practical discovery of the approximately correct con- 
ditions has preceded the theoretical study, but where economical 
working depends on obtaining the maximum yield of a given 
product, the careful study of diagrams showing the relations between 
pressure, temperature, and composition often makes it possible to 
obtain a higher efficiency. 

The best known example of a process of this kind, which lias 
found its way into the ordinary class books, is the reduction of 
iron ore in the blast furnace. This was probably also the first 
case to be studied scientifically. The famous memoir of Bunsen 
and Playfair in 1845, extended by the important treatise of Lowthiau 
Bell in 1872, laid the foundations of our knowledge of the reactions 
occurring in the blast furnace, whilst later workers, mostly in 
Germany, have made laboratory experiments for the purpose of 
determining the conditions of equilibrium. At first sight, the 
problem is a relatively simple one, since the only elements involved 
are iron, oxygen, and carbon. The two fundamental reactions are : 

FeO r CO — Fe -j- C0 2 
and 

e ;-co 2 ^2CO 

iron behaving as a catalyst towards the second reaction, but Fe 3 0 4 
can also be in equilibrium with FcO and with iron, and there is the 
further complication that solid solutions can be formed to a limited 
extent between the oxides, and that iron can dissolve both oxygen 
and carbon. It is probably unnecessary to assume, as Schcnck 
has done, reactions leading to the formation of the carbide Fe 3 0, 
which is not stable within the range of temperature considered, 
but the iron undoubtedly takes up carbon in the solid state, and 
more rapidly when the melting point of the eutectic is reached. 
The experimental work on this subject, on which many diagrams 
have been based, is all open to objection on one ground or another, 
and the, established facts, as far as the solid phases are concerned, 
-re best represented by a diagram due to Eastman,* in which the 
logarithm of the ratio K = [00 2 ] [CO] is plotted against the 

* E. D. Eastman, J . Amcr . Chem. S^k\, 1922, 45. 975. 
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reciprocal of the absolute temperature, giving linear relations 
(Fig, 1). The observed points lie very closely to the three lines 
shown. The iron ore may enter the furnace as ferric oxide, but 
reduction to a lower oxide occurs relatively high up in the shaft 
and need not be considered in the equilibrium. Failure to under- 
stand the reversibility of these reactions has led to expensive 
failures on the large scale. In the hope of converting the whole of 
the carbon to the dioxide, some ironmasters at one time increased 
the height of their furnaces, without obtaining the desired result. 


Fig. 1. 



The ratio of carbon monoxide to dioxide in the escaping gases is 
determined by the reversibility of the two reactions mentioned 
above. In spite of its apparent crudeness, the blast furnace lias a 
remarkably high efficiency, both thermal and chemical, provided 
that the works are so designed as to utilise fully the heating value 
of the gas which is produced in such enormous volume. 

There is another product of the blast furnace of great practical 
importance and scientific interest, namely, the slag. The solid 
impurities of the ore and coke must be removed in a liquid form, 
in order that th<* iron may be separated from them. It is the 
temperature at which the slag becomes sufficiently fluid to nm 
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freely that determines the working temperature of the furnace, 
since the slag is less fusible than the pig iron. Essentially blast 
furnace slags are composed of silica, lime, and alumina, all the 
other constituents being of secondary importance as regards fus- 
ibility. Any change in the character of the ore means a change in 
the composition of the slag, and it is evidently impossible to predict, 
without definite knowledge, whether the change will increase or 
diminish the fusibility. Actually the melting-point diagram of 
this ternary system has been most completely worked out by the 
staff of the Geophysical Laboratory at Washington.* There is, 
however, a striking peculiarity of molten silicates that affects the 
practical use of such a diagram. All such mixtures, especially 
when rich in silica, are extremely viscous immediately above their 
melting points, so that they are unable to flow freely. The vis- 
cosity of slags at various temperatures has been determined in the 
laboratory of the U.S. Bureau of Mines, f by measuring the torque 
produced in a graphite cylinder immersed in the molten slag, when 
the cylindrical containing vessel is rotated. The viscosity falls off 
rapidly at first with increasing temperature, then more slowly. 
The reciprocal of the viscosity, or the* fluidity, is almost exactly 
proportional to the temperature. In this way the fluidity of the 
ternary mixtures lias been determined over the required range. 
The practical value of such knowledge is very great. A furnace 
using haematite may make only 10 ewt. of slag for every ton of 
iron, whilst with the poor ores of the Midlands as much as 30 cwt. 
may be produced. During the war many ironmasters accustomed 
to rich haematite ores found their supplies eut off, and were com- 
pelled to use the relatively poor Northamptonshire or Lincolnshire 
ores, with consequent difficulty in determining the conditions of 
the slag. The use of ternary diagrams was found by the more 
scientifically minded furnace managers to enable them to control 
their slags quite satisfactorily. 

The importance of slags in the steel industry is at least as great 
as in iron-smelting. In the open-hearth process the liquid metal 
is completely covered with a layer of molten slag. Through this 
layer all the heat for the chemical reactions, radiated from the 
flumes and from the roof, lias to pass, and through it the oxygen 
needed to oxidise the impurities of the pig iron also passes. This 
oxygen comes in part from the oxidising gases in the furnace and 
in part from iron oxide added during the working of the charge. 
It is only in the form of oxides dissolved in the slag that oxygen 

* <!. A. Rankin and K. E. Wright, Anifr. J. Sci .. lnl-t. "\\<. 39. 1. 

A. L. Foild and P. H. Royster, f\>\ Jiurc'tn .1/ ■'?<•.< 7\<vi. 1ST. 

h'lS: also A, L. Foild, Trann. I'unulau liMT, 13. 3. 
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can reach the metal. There is contact between slag and metal, 
increased as the action becomes violent, when particles of metal 
are projected into the slag, and particles of slag are entangled and 
carried down into the steel, but the evidence goes to show that 
the action is by no means confined to the surface of contact, and 
that solution and diffusion play their part. The active substance 
is ferrous oxide, which has a very high solubility in slag and a 
small, but definite, solubility in molten steel. At a given tem- 
perature, therefore, there is a definite ratio between the concen- 
trations of ferrous oxide in the slag and the metal. It is the oxide 
dissolved in the metal that brings about the oxidation of the silicon, 
manganese, and carbon in the iron, and as ferrous oxide disappears 
in these reactions, a further quantity is supplied from the slag. 
When ore is added, it dissolves, mainly as the magnetic oxide, and 
the ferrous oxide then distributes itself between slag and metal 
until equilibrium is reached. The oxidation of the carbon is 
represented by the reaction FeO H- C ^ Fe -f- CO. The mass 
of the iron, being very large, may be regarded as constant. The 
carbon monoxide is evolved as gas, causing the “ boiling ” of the 
bath. As at this stage the metal is saturated with gas, the con- 
centration of the carbon monoxide may also be regarded as constant. 
McCancc has shown * by analyses of two open-hearth charges during 
the boiling stage that, provided that no ore is added, the carbon 
content of the steed decreases at such a rate that the logarithm of 
the carbon percentage, plotted against the time, gives a straight 
line {Fig. 2). The initial straight portion of the graph, meeting 
the principal line at an angle, corresponds with a stage during 
which silicon and manganese are still being oxidised as well as 
carbon, so that the rate of disappearance of carbon is less than it 
becomes later. Equilibrium is reached, or nearly so, in the later 
stage, when the steel contains both carbon and oxide in solution. 
Heat is absorbed in the reaction FeO 0 = Fe -f- CO, and therefore 
an increase of temperature means a reduction in the quantity of 
ferrous oxide under conditions of equilibrium. McCancc has 
calculated, by applying Xernst’s theorem and using constants 
which are known with fair accuracy, that an increase of temperature 
from 1550" to 1000° lessens the quantity of ferrous oxide in solution 
when equilibrium is reached by one-third. 

The slag floats on the steel as oil floats on water, and there neces- 
sarily exists an interfacial tension at the bounding surface. As 
the composition of the. liquids changes in consequence of chemical 
reactions, the value of the interfacial tension also changes, and 
these alterations, \yhieh have not yet been quantitatively studied, 
A. McCance, Traim. Fanuiay Soc. T 1918, 14, 213. 



TIIE METALLURGICAL APPLICATIONS OP PHYSICAL CHEMISTRY. 285 

are well appreciated by workmen who know nothing of capillary 
forces, but who can recognise a given surface with accuracy. Cosmo 
Johns has shown how the workmen’s observations may be inter* 
preted in terms of surface tension.* Samples of metal and slag 
are removed from time to time in a spoon, and are allowed to 
solidify. On separating the two substances, a clean upper surface 
nf the steel sample may be seen if care has been taken. While 
the carbon is high, this surface shows dendritic crystals in relief. 
As the carbon content falls, these crystals are smoothed out more 


Fig. 2. 



and more completely by the surface forces, and a smooth, bright 
surface may be obtained. At a later stage, the surface becomes 
finely wrinkled. The changes in the surface tension of the steel 
follow closely the changes in its composition, so that an experienced 
man can infer the one from the other. 

Another application of the principle of distribution of a substance 
lir-twcen two solvents to the metallurgy of steel has boon made 
recently by J. H. Whitoley.f In the basic open-hearth process, 
the removal of phosphorus from steel is known to depend oil the 


* J. IFejtf Scot. Iron Steel Inst., 1019, 26, 36. 
f 1 'roc. Cleveland Inst. Eng., 1923. 
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ratio of bases to silica in the slag. When, in any slag, sufficient 
lime has been deducted from the analysis to convert all the phos- 
phorus into a stable phosphate, the molecular ratio of the remaining 
bases to the silica may be calculated and called the index of basicity 
of that slag. In any charge, the phosphorus is distributed between 
slag and steel, when equilibrium has been reached, in a definite 
ratio, so that we may speak of a factor of distribution for phos- 
phorus. Whiteley finds that, when the index of basicity of a number 
of slags is plotted against this factor of distribution, a straight line 
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is obtained (Fig. 3), so that the percentage of phosphorus in a steel 
may be determined, with considerable accuracy, from an analysis 
of the final or finishing ” slag. The factor is practically indepen- 
dent of the volume of slag, and the proportion of phosphorus in a 
basic steel may therefore be diminished without any change in tin* 
chemical conditions by increasing the volume of slag. 

Molten steel, when tapped from the furnace, whatever process 
has been used in its manufacture, contains a comparatively large 
volume of dissolved gases, mainly hydrogen and the two oxides of 
carbon. The solubility of gases in metals has been studied hy 
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Hieverts and his fellow-workers, and has been found to increase as 
the temperature rises and to be much greater in the liquid than in 
the solid state. The Solubility curve of carbon monoxide in iron 
lias not been determined, but in all probability it is similar in 
character to the solubility of hydrogen in the same metal, which is 
known.* As the solubility is found in all cases to be proportional 
to the square root- of the pressure instead of to the pressure itself, 
it would seem that the gases undergo dissoeiation in dissolving. 

On account of the greatly diminished solubility of gases in solid 
metals, most of the gas dissolved in molten steel must be released 
during freezing. A part escapes freely, rising through the liquid, 
hut another part may be entangled between the growing crystals. 
In this way the cavities known as blowholes are formed, but even 
when the formation of visible blowholes has been avoided, micro- 
scopical observation of sections through ingots shows films of gas 
separating the individual crystals. The separated surfaces usually 
unite by welding when the ingot is forged. 

The most interesting fact in this connexion is the dependence 
of the quantity of gas liberated during the freezing of steel on the 
quantity of oxide dissolved in that steel at the lime of tapping. 
The reaction 

FeO 1 CO ^ Fe -f CO* 

is reversible, so that when equilibrium is reached K — [CO.,]/ 
|Te0][C’0]. When the steel contains much ferrous oxide, the ratio 
{‘Ojj/'CO will be large. McCance has shown f that the known 
iacts may be accounted for by the assumption, highly probable in 
itself, that solid steel has a much greater solubility for carbon 
monoxide than for the dioxide, so that when the gases dissolved 
in the liquid contain much carbon dioxide, blowholes will be formed. 
A steel containing oxide is, therefore, likely to give unsound ingots 
or castings. The total quantity of gas in a solid steel is much the 
same, whether oxide was present or not. but unsound steel, in 
accordance with the theory, always shows a high ratio of carbon 
dioxide to monoxide. The importance of deoxidising steed as 
completely as possible is recognised, but the persistence with which 
steel can retain oxide is very remarkable. There is evidence to 
show that the reactions of ferrous oxide, not only with carbon, 
hut also with the other oxidisable elements silicon and manganese, 
demand an appreciable time for completion, so that reactions may 
continue in the liquid steel for some time after casting. 

In the final casting of the steel into ingot form it is usually 
necessary to add a small quantity of aluminium, that natal having 
a remarkable power of preventing the formation of blowholes, a 
* A. Sit* verts, Z. phyxUnl, Chan., lull, 77. ■">;>!. 


* L<*\ cit. 
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power undoubtedly depending on the rapidity and completeness of 
the removal of the oxide. Of two ingots cast from the same mass 
of liquid steel, one with and the other without the addition of 
aluminium, the latter may occupy a very much greater volume than 
the former, although containing the same weight of steel, the 
reason being seen when the ingots are sawn through, the one proving 
to be sound and the other honeycombed with blowholes. 

The smelting and refining of metals form only one branch of the 
art of metallurgy. Another branch is concerned with the prepar- 
ation of alloys and with the production of a given set of physical 
and mechanical properties either by alloying with other metals, or 
by producing changes of structure by thermal treatment or by 
deformation. In this field the influence of physical chemistry has 
been more conspicuous, most important industrial advances having 
been made consciously under scientific guidance. It is here that 
such striking practical use has been made of new scientific ideas, 
the application often following rapidly on the heels of the discovery, 
whether in pure physics or in physical chemistry. The theory of 
electrolytes, which occupies such a conspicuous place in modern 
physical chemistry, has few metallurgical applications, since molten 
metals and alloys do not conduct electrolytically, and it is only in 
the still obscure field of study of corrosion that electro-chemical 
theories are invoked. Electro-metallurgy may be regarded as an 
entirely distinct study. 

Both modes of approach to the solution of problems in physical 
chemistry, the atomic and the thermodynamical, find their uses in 
metallurgy, but it is the atomic conception that has proved the 
more useful up to the present, although the more abstract method 
is now being applied, and may soon prove its value. One of the 
most notable directions of advance lias been in the study of crystal- 
line structure. Metals and alloys arc crystalline substances, and 
their properties depend, therefore, on the arrangement of their 
component atoms in a space-lattice as well as on their chemical 
character. The analysis of crystal structure by means of Arrays 
has been applied to metals by \V. H. and W. L. Bragg, Hull, Debye, 
and others with striking and gratifying results. The form and 
dimensions of the space-lattice arc known accurately for most of 
the ordinary metals, and the method is now being applied to alloys. 
We may confidently hope that such researches will give us the 
knowledge, so earnestly desired by metallurgists, of the nature of 
the physical and mechanical processes in metallic crystals, especially 
when combined with modern knowledge of the structure of the atom. 
One difficulty, however, presents itself at the outset. Ordinary 
masses of metal as wc know them arc not single crystals, hut 
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aggregates of variously orientated small crystals, and this fact 
prevents us from predicting their properties from a knowledge of 
the space-lattice alone. Until recently we knew practically nothing 
of the mechanical properties of single crystals of metals, but Pro- 
fessor Carpenter and Miss Elam, by an ingenious device, have now 
been able to prepare test-pieces of aluminium consisting of a single 
crystal.* Such masses prove, as might be expected, to be highly 
plastic, and the study of their properties after extensive deformation 
is giving interesting results, particularly from the application of 
X-ray analysis. The variation of properties with orientation leads 
to most striking peculiarities in the behaviour of these novel 
test -pieces. 

]n normal masses of metal, the existence of intercrystalline 
boundaries introduces a new factor. Such boundaries are most 
often a source of strength, not of weakness, and there has been 
much speculation as to the nature of the conditions where one crystal 
is in contact with another in an aggregate. A suggestion made by 
several older authors has been adopted and greatly developed by 
Rosenhain, to the effect that a small residue of liquid between the 
grains fails to crystallise when passing through the freezing point, 
owing to the atoms of metal in the liquid state being attracted to 
two neighbouring space-lattices of different orientation, ultimately 
attaching themselves to neither, so that a layer without any definite 
orientation separates the grains in the solidified mass of metal. 
In spite of inherent theoretical difficulties in the way of its accep- 
tance, this hypothesis of an “amorphous intercrystalline cement !J 
lias become popular on account of its remarkably successful applica- 
tion to such problems as the change of mechanical properties of 
metals with temperature, and the failure of metals under long- 
continued stress. f It should be said that for such purposes a layer 
at least several hundred atoms in thickness is required. Even 
although so thick a layer may be theoretically unacceptable, some 
difference of properties at the bounding surfaces must be assumed. 
I’t 1902, Quincke I suggested that the liquid, immediately before 
solidification, separates imo two immiscible liquid phases, one of 
which forms an oily iilm, dividing the mass into foam cells, of 
which the second liquid forms the contents. On this new, the 
crystal grains should be geometrically similar to foam cells. In a 
feu eases, it has been possible to test this similarity. Certain 
^-brasses containing aluminium disintegrate rapidly on immersion 
in mercury, the grains separating from one another in the course 

* Proc. Roy. Soc.. 1921, f.lj, 100, 020. 

■ W. Kosrnhain and 8. L. Archbutt, Proc. Roy Soc.. 1019, \P, 96, iii. 

: Physik, 1002, -ivj, 9, 1. 
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of a few seconds, so that they may be examined singly. Occasionally, 
too, a forging proves to be highly brittle, so that the crystal grains 
separate spontaneously. The fracture of such a forging of chromium 
steel is shown in Fig. 4. Such isolated grains have been compared 
with the cells in a foam of soap solution, resin, or gelatin, and a 
close similarity is found. The theoretical form of a foam cell was 
calculated by Lord Kelvin to be a tetrakaidecahedron having curved 
edges, but when any actual foam is examined, instead of four* and 
six-sided faces being found with frequencies in the ratio 6:8, as 


Fig. 5. 



*5 4 <1 C C of poly qo fiat faeces. 

required by that figure, five-sided faces are the most frequent* 
In fact the individual cells tend to approximate to the pentagonal 
dodecahedron, slightly distorted in order that all faces may meet 
at an angle of I20 3 , as required for equilibrium between films. 
Space is not completely filled by such dodecahedra, and the celt 
are found to vary about that figure as a mean, gaps being filled by 
small tetrahedra and hexahedra. Observations of a large number 
of foam cells are collected in Fig. o, which shows the frequency of 
occurrence of 3, 4, ,5, 6, 7, and 8-sided faces. On the same diagram 
are shown corresponding observations of crystal grains from several 
* J . Inst. Metals , 1919, 22, 241. 
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specimens of {3- brass and from one of the chromium steel. It is 
evident that there is a very dose similarity of shape between the 
grains and foam cells, but it does not follow that Quincke’s hypo* 
thesis, which is open to objection on other grounds, is true. The 
evidence does, however, go far to show that the forms of the grains 
are determined by surface tension. During solidification, two 
forces are opposing one another, the directed cohesion, which causes 
the atoms to build themselves into a definite geometrical form, 
and surface tension, which tends to diminish the surface area of 
each growing crystal. The balance between these forces is different 
in different metals. Antimony, for example, readily forms sharp- 
edged crystals in alloys, whilst the branching growths of copper 
are usually rounded. In eutectic alloys, in which two metallic 
phases crystallise simultaneously, the effect of surface tension is 
often such that all angles disappear, as in the eutectic of copper 
and copper phosphide (Fig. 6). The crystals of zinc on the surface 
a galvanised sheet are commonly sharp (Fig. 7), but a bead of 
gold, allowed to cool slowly from the liquid state without disturbance, 
lias surface markings which rather suggest a purely amorphous 
substance, such as gelatin, than a crystalline solid (Fig. 8). When 
the surface layer is dissolved away by aqua regia, sharp, crystalline 
[■tch-figurcs appear. At a temperature far below the melting point 
of gold, these angular figures are again rounded under the influence 
of surface tension. 

The study of equilibrium between metals in alloys has advanced 
rapidly under the guidance of the doctrine of phases, due in the 
first instance to Gibbs and developed by Roozeboom and others. 
The highly abstract conception of the thermo -dynamical potential 
•, however, rarely applied, and the simple temperature-concen- 
■ation diagram is universally used. For its construction, two 
methods are principally employed in conjunction, thermal analysis 
ad microscopical observation. The latter method, applied to 
letals by Sorby as far back as 1864, has reached a remarkable state 
f perfection, and has become a routine method of examination in 
ldustrial works. Some of the metallic systems prove to be of 
reat complexity. The copper-tin alloys, which were investigated 
ith great care by Heycock and Neville,* whose conclusions have 
ec*n in the main confirmed by later workers, arc conspicuous by 
iieir complexity. Another system of great practical importance is 
mild in the alloys of iron with carbon, a non-metallic element, 
)rming a carbide of metallic character, Fe 3 C (Fig. 9). Here the 
pstem is complicated by the allotropy of irou. The X-ray method 
as shown that the a-, JJ-, and y- modifications of iron have identical 

* Phil . Tram ., 1002, [ A ], 202, 1. 
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cube-centred space-lattices, varying only in dimensions with tem- 
perature, p differing only from a in being non-magnetic, whilst 
y lias an entirely different, face-centred cubic lattice.* The 
y-modification has the property of dissolving carbon in the solid 
state, and on this fact depends the great variation in properties 
that is possible in this single system, which includes the steels. 
The range would be much more limited if we were restricted to 
stable conditions. Actually, by hastening the cooling of the 
alloys, they may be preserved in a metastable or labile condition. 


Kic. 0. 



and the industrial hardening of steel depends on this fact. More- 
over* by adding other metals, such as nickel, chromium, or tungsten, 
it is possible to alter the position of the transformation points iu 
the system, and very greatly to diminish the velocity of change: 
hence the wonderful variety of heat-treated steels at the disposal 
of the modern engineer. In the study of these unstable conditions, 
one of the most difficult branches of metallurgy, the A" -ray method 
has again rendered valuable service. It has shown that the iron 
in martensite, the principal constituent of hardened steel, is in the 
a condition, althbugh the method has so far failed to determine 
exactly the arrangement cf the carbon atoms in the same steel. 

* A, Wcstgren and G. Phragmen, J. Iron Steel Inst., 1922, i, 241. 
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An important branch of metallurgical study is concerned with 
the behaviour of metals when cold-worked, that is, when deformed 
at temperatures removed from the melting point. Whilst great 
hydrostatic pressure has no permanent effect on the properties of 
a metal, pressure unsymmetrically applied, so as to cause plastic 
flow, produces changes of a far- reaching character. The hardness 
of the metal is increased, its density is diminished, and its store of 
internal energy, as shown by the heat developed when it is dissolved 
in a suitable reagent, is increased. Whilst Tammann and others 
have considered that the only change is a reduction in the size of 
the crystal grains, most metallurgists in this country have adopted 
the hypothesis of Beilby,* according to which the space-lattice of 
the metal is locally broken down, with the production of a vitreous 
or amorphous material. This assumption has been used with great 
success to explain the facts of cold-working. The objection has 
been brought against it, that it involves the production of a new 
phase in a region within which it is unstable, but in the light of 
modern views as to the nature of the space-lattice it is quite com- 
prehensible. It has been further suggested that the amorphous 
material is the undercooled liquid phase, resulting from a true 
fusion, the melting point of the solid being lowered by non-uniform 
pressure, as predicted by Poynting. In confirmation of this rather 
startling view, it has been shown that when the pressure necessary 
to lower the melting point of various metals to atmospheric tem- 
perature is calculated, although the values found are very high, 
yet when the metals are arranged in ascending order of the pressures 
required, the order is that of diminishing plasticity, as measured 
by the How of the metal through an orifice.f 
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Examination by the X-ray method is natural^ unable to detect 
whether small quantities of amorphous material are formed, but 
it has shown that, at least in certain metals, especially tungsten, 
extensive cold-drawing leads to a rearrangement of the elongated 
crystal grains, the orientation of the majority of the grains becoming 
similar, so that the wire has a fibrous structure.* Much is to ho 
expected from this line of research, which supplements the older 
and still indispensable method of microscopical examination. 

Only a few topics have been selected from the very numerous 
metallurgical applications of physical chemistry, but they will 
serve to indicate the large field for co-operation between the physical 
chemist and the metallurgist. The subjects that have been men- 
tioned are by no means of academic interest only. The successful 
conduct of the metallurgical industries depends on their scientific 
handling. A modern steel works, concerned with the manufacture 
of the higher classes of engineering steels, must be equipped for the 
making of thermal, microscopical, magnetic, and dilatomelrii 
determinations, and that not only for research purposes, but in 
the regular control of works processes. New discoveries in this 
branch of science have not to wait long for their practical 
application. 


XXXVI .— The Constitution of the Disaccharides, 
Part VII, Sucrose. 

By Walter Norman Hawortii and Wilfred Herbert Lin sell 

The constitutional formula for sucrose which was proposed in 
Parts I and IV of this series of communications (T\, 1910, 109 
1314; 1920, 117, 199) represented the y-fruetose residue in the 
biose as containing an ethylcnc-oxidic structure. This view was 
expressed at an early stage of our work, and after an endeavour 
to solve this problem by oxidising the tetramethyl fructose obtained 
on hydrolysing octamethyl or heptamethyl sucrose. The conditions 
under which this oxidation was conducted were similar to those 
usually followed by Fischer and Kiliani in the sugar series, let ra- 
ni ethyl y-fructose yielded, on digestion with dilute nitric acid at 
60 J , a viscid liquid which distilled with dillieulty and corresponded 
with an anhydro-aeid or semi-lactide, C 10 H 12 O 5 (OMe) s . 

In offering an interpretation of this result it was stated that 
“ although the additional evidence here contributed appear? 
capable of no simple explanation other than that now offered. 

* M. Ettisch, M. *Polanyi, and K. Wciwciiburg, Z. pfojMfoiJ. Chun., 

90, 
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the constitution of the new form of tetramethyl fructose is being 
further investigated in view of the importance of the issues. 9 ' The 
present work is therefore an extension of the earlier inquiry and, 
a s before, attention is focussed on the nature of the internal linking 
0 f the oxide ring in the fructose fragment. The cyclic structure 
in the latter differs from that of ordinary butylene-oxidic fructose, 
and the choice of a constitution for the tetramethyl y-fructose 
derived from methylated sucrose appears to be limited to one of 
the following : 


-CH, 

) * 1 

CH,-OMe 

t - 

CH 2 *OMc 

CH a -OMc 

i 1 

C-OH 
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(ethylene-ox id i<\) 
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Reviewing the evidence of oxidation, it appeared that a tetra- 
methyl y-fructose represented by formula IV should give rise to a 
dibasic acid (trimethoxyglutarie acid) on oxidation with nitric acid, 
the reducing group associated with the second carbon atom yielding 
one carboxyl group, and the potential primary alcohol residue in 
the terminal position yielding a second carboxyl group corresponding 
with the sixth carbon atom of the hexo.se chain. The expected 
product may be formulated as below (VJL1): 


CO s H 

C0 2 H 

C() 0 H 

CO,H 

CH-OMe 

CH-OH 

CH-OMe 

CH-OMe 

CH-OMe 

yH-OMo 

CH-OH 

CH-OMe 

CH-OMe 

CH-OMe 

CH-OMe 

CH-OMe 

CH-OMe 

CHj-OMe 

CH-OMe 

COoH 

(V.) 

(VI.) 

(VI l.) 

(VIII.) 

On the other hand, 

a fructose 

derivative formulat 

ed as in II or 


111 should give rise to an ot- or [J- hydroxy -acid (VI or VII) which 
has its terminal primary alcoholic group, at the sixth carbon 
position, protected by methoxyl ; whilst the product (V) expected 
from a sugar of the constitution shown in formula I differs from the 
other three inasmuch as four methoxyl residues arc retained. 

In the earlier research the product of oxidation did not correspond 
with any of these simple formula?. The compound isolated, 
Ci fl Hi 2 0 5 (0Me) 6 , had a molecular complexity* almost twice as 
great as was anticipated, and t his agreed with the theoretical 
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values for a semi-lactide. Although three possible structural 
formulas for such a compound are shown below, yet the simple 
explanation was that this behaviour closely resembled that of an 
a-hydroxy-acid, such as lactic acid. On the whole, the evidence 
favoured the view that an acid of the formula VI could most 
reasonably give rise to a semi-lactidc such as is shown in formula IX, 


CO — o- 

CO,II 
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CO,H 
CH-OMe 
CO O—^H 

-o 
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CH-OH 

CH-OMe 
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CH-OMe 

CH-OH 
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CH-OMe CH-OMe 

CH-OMe 
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CH-OMe CH-OMe 

CHyOMe 

(IX.) 

CHVOMo 

(X.) 

CH,-OH C0 8 H 
(XI.) 


The second of these formula? was rejected on the ground that the 
simple [3 -hydroxy -acid (VII) from which the semi-lactide (X) 
might be derived would preferably form a [3 -lactone, whilst formula 
XI was similarly deemed improbable, since a 8-hydroxy-arid 
would be expected to form a 8-lactone, and moreover the appearance 
of a 8-hydroxv- acid, which contained a free primary alcohol residue, 
as an oxidation product was regarded as anomalous under the 
experimental conditions employed. It seemed more probable 
that such a hydroxy-acid would pass at once into the dibasic acid 
(VIII). 

Extension of this research during the past two years has led to 
a revision of these views and appears to us to have established 
beyond reasonable doubt that the structure of tetramethyl y-fructoer 
is no longer to be regarded as cthylcnc-oxidic but amylcne-oxidie 
in character. Consequently the constitution ascribed earlier to 
sucrose must be modified and replaced by the new formula XTT : 


CH 2 -OH 


-CH 0— 

(J 

Ayh-° h 

TCII-OH 

CH-OII 1 

CH-OH o 
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CH-OH | 

CH-OH 

CHyOII 
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This conclusion has been reached by again submitting tetra- 
methyl y-fructose to oxidation with dilute nitric acid under modified 
conditions, the chief variation from the earlier experiments being 
a more prolonged "digestion with this reagent. 

The chief product was a lactone of a monobasic acid distilling 
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readily at 129701 mm., showing n D 1-4565 and [a] D -f- 18-5°, which 
value changed in si xteen hours to -f 36-0°. This agreed in properties 
and analytical data with the requirements of a trimethoxyvalero- 
4 C0-[CH*0MeVCH 2 . 

lactone, l _ l „ 0 — JL 2 

Accompanying this product was a small quantity of a substance 
distilling with decomposition at 19070-08 mm. The latter 
appeared to be identical with the semi-lactide obtained in the 
earlier experiments, but the following argument demonstrates that 
this must now be formulated as shown in XL 
Investigation of the trimethoxyvalerolactone showed that, after 
exposure to moist air, a portion underwent transformation into a 
crystalline substance, for which the provisional melting point is 
given as 83°, and this may be either the polymeride of the lactone 
or the free hydroxy-acid. The behaviour of the lactone differed 
from that expected of a |3« or y-lactone, although the evidence 
available at this stage left the decision indefinite whether the 
lactone had been formed from a p-, y-, or 8-hydroxy-acid. If it 
could be shown that the trimethoxyvakTolaetone w-as capable of 
transformation into trimethoxyglutaric acid by oxidation, a solution 
of the outstanding difficulty was clear, since this would afford 
conclusive evidence that the lactone contained a potential primary 
alcohol group as a terminal group in the chain of five carbon atoms. 
Accordingly, the lactone was dissolved in aqueous potassium 
hydroxide in order to open the lactone ring, and the corresponding 
salt of trimethyl tetrahydroxvvalcric acid was oxidised with alkaline 
permanganate. In the first instance the utilisation of the per- 
manganate w-as measured by titration, and it was observed that 
each molecular proportion of trimethoxyvalerolactone required one 
molecular proportion of oxygen. The reaction proceeded instan- 
taneously at 70 ? , but at the ordinary temperature the period 
required was about eight hours. 

The main or only product of this oxidation was a colourless 
liquid, distilling at 10070-05 mm. with separation of some moisture 
in the first stage of the distillation. It had all the characteristics 
of an anhydride of a dibasic acid, C s H 14 0 7 , and analytical data 
showed that the substance was trimethoxyglutaric anhydride, from 
which a specimen of the dimethyl ester of trimethoxyglutaric acid 
(XIV) was prepared. The only formula available for the primary 
oxidation product from which these latter compounds were derived 
is that of the S-Iactone (XIII). On this evidence it is permissible 
to ascribe a definite formula, IV, to tetramethyl y-fructosc, pro- 
vided that one excludes such an exceptional possibility as the 
elimination of a terminal methyl group from an acid of the formula 
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V in the course of the oxidation of a substance of the constitution 
represented by I. The latter consideration will be dealt with in 
the succeeding communication. 

It may bo stated, however, that in the exceptional case quoted 
by Irvine and Hirst (T., 1922, 121, 1312) the removal of a methoxyl 
residue during oxidation with nitric acid was the accompaniment 
of oxidation of the exposed group to carboxyl. The circumstances 
in the present case differ in that no oxidation of the terminal 
alcohol group occurs. Indeed it would appear that under the 
influence of nitric acid the amylene-oxidc ring in the original sugar 
remains undisturbed, passing to the analogous 8-lactone structure, 
which is then resistant towards oxidation at the point where a 
potential primary alcohol group exists. 
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implications, it is to he welcomed for the reason that it serves to 
clarify many existing anomalies in the literature of the y- sugars. 
Possibly it is premature to ascribe the amylene-oxidc structure to 
the y-sugars in general, but it is permissible to review certain data 
which are not opposed to this view. Tetramethyl y -glucose gave 
on oxidation with permanganate a tetramethyl ghiconulaetem 
(Irvine. Fyfe, and Hogg, T., 1915, 107, 509) which differed from 
the ordinary tetramethyl glueonolactone first obtained by Pur rim 
and Irvine (T\, 1903, 83, 1033). Cunningham observed that maltose 
gave rise to a y-methyl maltoside in presence of hydrogen chloride 
dissolved in methyl alcohol, but failed to form the analogous com- 
pound from lactose (T., 1918, 113, (30 5). The explanation of this 
non -success may lie in the fact that tin* structure of lactose, as has 
been shown by Haworth and Leitch, precludes the formation of 
an amylene-oxide ring inasmuch as the group attached to the liftii 
carbon atom of the glucose chain is involved already in the linking 
of the two liexoses. 

Furthermore, tliere appears on record no example of internal 
oxide ring formation in the case of glyeoliie or glyceric aldehydes, 
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whilst Hclfcrich and Malkomes {Ber., 1922, 55, [ZJ], 702) have 
shown that S-hydroxyhexaldehyde exists as the cyclic or amylene- 
oxidio form : 


CH s «d 


!H 2 — OHMe 
€H 2 *CH(OH) 


>0 


This compound displays very tardily in solution certain aldcliydic 
properties, due to the opening of the ring. 

The ease of hydrolysis of sucrose or y-glu cosides is explicable on 
the assumption that the amylene-oxide ring opens by the agency 
of acids of extreme dilution, thus disturbing the disaccharide or 
glucosidic linking, which then undergoes hydrolytic cleavage. In 
the case of sucrose, the fructose fragment then passes, by structural 
changes, to the butylene -oxide form, which is more stable in 
aqueous solution. 


E X V E R 1 .M E n t a l. 

Oxidation of Tetramcthyl y- Fructose with Xitric Acid: Isolation 
of a Lactone, C 6 H 14 0 5 . 

Tetramcthyl y-fructose was prepared by the hydrolysis of hepta- 
nK’thyl sucrose, following the conditions previously determined 
(Haworth, T., 1915, 107, 9; 1920, 117. 119). In the latter com- 
munication, the oxidation of this product was described, tetra- 
inethyl y-fructose being subjected to treatment with dilute nitric 
acid {d 1-2) at 60° for six hours, which is the usual period allotted 
lo similar reactions in the sugar group. In the present instance, 
(he oxidation was conducted for a prolonged period at 60', and in 
all cases the reaction terminated after twenty hours. Extraction 
and isolation of the product were effected by the usual methods. 

This oxidation, which has been carried out with many specimens 
if tetramcthyl y-fructose, was found to give rise in every ease, 
ismler the prescribed conditions, to a pale yellow liquid (fraction 
A) which distilled at 129“, 0*1 mm. and showed 14565 and 
-Id — 18*5° in water, changing in sixteen hours to -f 36*0 : . The 
'oiduc was dark in colour and this distilled with decomposition at 
ltHi' 0-08 mm. (fraction B) as a viscid syrup. 

Fraction A on analysis gave the following data : 

found • 50*5 ; H — 7*26: OMe --- 47*3. C 8 H 14 0- requires 

■ - .)U*53; H -- 7*37 : OMe - 48*9 ]kt cent. On titration with 
'Flute alkali the liquid showed the usual behaviour of a lactone, 
fi'iuhimition with alkali being extremely slow in the cold. 

0*1857 Gram required 9-85 e.e. of A 10-XaOH for complete 
neutralisation after digestion under reliux for twenty minutes, 
whereas a lactone, C 8 H h 0 5 , should require 9*77 e.e. All the 
analytical data have been several times continued. A molecular 
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Avciglit determination by the cryoscopic method, using a benzene 
solution, gave the value 211; the theoretical value being 190. 

On keeping the liquid, representing fraction A, in a loosely 
corked tube, a portion crystallised. The crystals were washed with 
light petroleum and then melted at 83° with previous softening 
at 79° ; the quantity collected, however, was small and the conn 
pound was not recrystallised, so that the melting point of the 
substance is given with reservation. When dissolved in water, 
the crystals showed an acid reaction, decolorised permanganate, 
and did not reduce Fehling s solution. On titration, the substance 
behaved throughout as an acid and not as a lactone, neutralisation 
being complete without the application of heat. 

0*0818 Gram required 38*3 c.c. of A /100-NaOII, whilst an acid, 
C 8 H ie 0 6 , requires 38*53 c.c. 

Found : OMe = 41*5. C 8 H 16 0 6 requires OMc - 44*7 per cent. 

Oxidation of the Lactone C 8 H 14 0 5 tvith Alkaline PcrmangamU, 
Formation of Trimethoxyglutaric Acid . 

Preliminary experiments were instituted with the view of devising 
conditions for the oxidation of the lactone, representing fraction A, 
by the agency of alkaline permanganate. An aqueous solution 
containing 1 per cent, of the lactone was used; to 10 c.c. of this 
solution, A’-sodium hydroxide solution (2 c.c.) was added and this 
mixture titrated with X /10-potassium permanganate, the whole 
being maintained at 70° during the operation. After each addition 
of the permanganate an interval was allowed for the manganese 
oxides to separate and the solution to clear, and this was continued, 
until a permanent pink coloration appeared, a trace of hydrogen 
peroxide serving to destroy the slight excess of permanganate. 
The following were the results of two experiments : 

1. 10 c.c. of lactone solution required 35*0 c.c. of A710-KAIn0 4 . 

2 10 c.c. of lactone solution required 35*5 c.c. of A / 10-lOInt) 4 . 

From the calculation it appeared that four molecular proportion:) 
of alkaline permanganate were required for the oxidation of three 
molecular proportions of the lactone C^H^CL, and the reaction 
may be expressed by the equation : 

CO COAf 

O [CH*OAIe] 3 -f 0 2 [Cl H)M< •], 

i— CHj CU 2 li 

Having established these conditions, several experiments were 
conducted with larger quantities in order to isolate the product. 
Since the organib dibasic acid which might be anticipated was, 
however, in the form of a salt, the isolation was facilitated by using 
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potassium hydroxide as the aJkali, in order that the free organic 
acid could be liberated by the addition of the exact proportion of 
perchloric acid. Removal of the potassium perchlorate by means 
of alcohol and ether was then a simple procedure. 

Consequently 2*5 grams of the lactone C 8 H 14 0 5 w T ere dissolved 
in 500 c.c. of water, to which were added 25 c.c. of 2A T -potassium 
hydroxide and then, gradually, the calculated quantity of per- 
manganate at 70°. After passing carbon dioxide through the cold 
solution and separating the manganese oxides, much of the water 
was removed by distillation under diminished pressure. Adding 
to the residual solution the calculated amount of perchloric acid 
along with alcohol for the precipitation of the potassium, the 
filtrate now consisted of an aqueous alcoholic solution of the organic 
dibasic acid. This product was then isolated and distilled, when 
a straw-yellow, slightly viscid liquid was collected at 100°/0“05 mm, 
(Found: C — 47*0; H — 618; OMe = 44-3. C 8 H 14 0 7 requires 
C = 43-6; H — 64; OMe — 454 per cent. C 8 H ]2 0 6 requires 
0 = 47*1; H = 5*9; OMe — 45*1 per cent.). On titration with 
V/10-NaOH, 0*047 gram combined with 4 c.c. of the alkali without 
beating- In all, 10*1 c.c. of the alkali were added and the solution 
was heated at 90° for twenty minutes. Thereafter, 5*55 c.e, of 
tf/10-HCl were required for neutralisation. The compound had 
therefore combined with 4*55 c.c. of A'/lO-XaOH, whereas a 
substance C 8 H 12 0 6 should require 4*60 c.c. Several specimens 
from different preparations gave identical analytical results. 

The compound isolated appeared therefore to have the con- 
stitution of a trimethoxyglutaric anhydride, CJI 1? 0 6 . 

Digestion with 2 per cent, methyl alcoholic hydrogen chloride 
for six hours gave rise to the corresponding <limetliyl ester. This 
distilled at 89 — D2 C ,0*07 mm. and showed n D 1*4419 and jV D -f 48*7° 
in water (c — 0*72) (Found : C 48*38 : H -- 7*23 ; OMe = 59*7. 
C 10 H ie O 7 requires C = 48*0: H ~~ 7-2; OMe -= 020 per cent.),' 

University of Durham, 

Armstrong College, . 

Xewcastle-ufon-Tyne. [R<:e< ived, Do'anber <Sth. 1922] 


XXXVII. — The Constitution of tin Disaccharides, Part 
VIII. Sucrose, 

By Walter Norman Haworth and James Gibb Mitchell. 

The preceding paper on the constitution of sucrose .contributes 
evidence derived from the oxidation of tetramethyj y-fructosc with 
citric acid. The interpretation therein outlined receives support 
VOL. cxxiti. M 
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and confirmation from the series of experiments which are now to 
be described. Tetramethyl y-fructose, obtained as a cleavage 
product of octamethyl or heptamethyl sucrose, has been oxidised 
with alkaline permanganate, and the chief product isolated is 
shown to be dimethoxybutyrolactone (V). 

The circumstance that degradation of the methylated fructose 
residue leads to the isolation of a product containing a chain of 
four carbon atoms illustrates very strikingly that with an alkaline 
oxidising agent the hexose is attacked in a totally different manner 
from what has been shown to be the case with an acid oxidising 
agent. Whereas with nitric acid degradation occurs by fission of 
the hexose chain between the first and second carbon atoms, giving 
rise to a derivative of S-valerolactone, on the other hand alkaline 
permanganate would appear to promote ketonisation and cnolisation 
with the introduction of a double linking between the second and 
third carbon atoms, following which rupture occurs at the ethylenic 
bond 
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Attention has been focussed on the quantitative aspect of this 
oxidation. It was shown that during the transformations expressed 
in the preceding formulae four atomic proportions of oxygen were 
utilised for each molecular proportion of sugar. 

Dimethoxybutyrolactone -was isolated both in this form and as 
the potassium salt of the open-chain acid, dimethyl trihydroxy, 
butyric acid (IV). In the latter form it must originally have 
appeared during the course of the oxidation with alkaline per- 
manganate. Significance is attached to the fact that before 
acidifying the product consisting of the above potassium salt a 
methyl group was absent from the terminal position in the chain. 
Evidence is not. lacking for the supposition that lactonisation 
of an acid of this character may occur by elimination of a methyl 
group from one of the positions occupied by methoxyl where 
lactone formation may be expected (Denham and Woodkouse, 
T., 1917, 111, 244). This contingency did not appear to arise in 
the present case, since it was clearly shown that the salt of the 
substituted butyric acid which was isolated contained, in common 
with the lactone, two methoxyl residues only. 
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Certain observations indicated that the oxidation of tetramethyl 
y - fructose with alkaline permanganate proceeded in two stages. 
When the quantity of permanganate corresponded with the intro- 
duction of two atomic proportions of oxygen, this seemed to satisfy 
for some time the full requirements ; but on keeping this alkaline 
solution for several hours it developed the capacity to absorb 
more oxygen, equal in amount to the first. This circumstance is 
explicable on the assumption that the methyl ester of dimethyl 
trihydroxybutyric acid is the first product of oxidation, the alkali 
present afterwards liberating methyl alcohol by hydrolysis, which 
then undergoes oxidation to formic acid. Regulated oxidation 
of this kind may prove to be the key to many of the difficult problems 
involved in sugar degradations. 

The bearing of these results on the constitution of sucrose is 
made clear by the following considerations. As reference to the 
earlier papers in this series will show, the glucose residue in sucrose 
is definitely of the butylene-oxidic type. The fructose residue, 
however, is present as a y- sugar, and it was formerly suggested as 
the result of a study of tetramethyl y-fructose that the structure 
of this compound was best represented by the formula VI, although 
other possible formulae were kept in view. 
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There can no longer remain any doubt that this formula must be 
revised, since it is now established that the carbon atom 3, indicated 
above, cannot be concerned in the internal oxide linking, inasmuch 
as this carbon atom must be associated with a methoxyl group in 
order that the sugar may give rise to trimethoxvglutaric acid, one 
of the products of degradation described in the preceding paper 
(Haworth and Linneli). 

An alternative ethylene- oxide structure (VII) might meet the 
case provided it were allowable, during the course of the oxidation 
with the selected reagents, for t he methoxyl group attached to 
the sixth carbon atom to sutler expulsion, with the consequent 
introduction of carboxyl at both the second and sixth positions in 
the chain. But trimethoxyglutaric acid was only formed as the 
result of further oxidation of the primary oxidation product which 
was isolated, namely, the 8-vaIerolaetonc, and it appears unreasonable 

M 2 
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to suppose that, if lactone formation occurred by elimination of 
a methoxyl residue from a position in the hexose chain, the residue 
expelled should be that attached to carbon atom 6 rather than 5, 
since the latter choice would lead to the more usual y-iactone. 

Severance of. the hexose chain between the second and third 
carbon atoms by the agency of alkaline permanganate gave rise, 
however, to dimethoxy-y-butvrolactone, whereas if the fructose 
fragment were to be formulated as in VI, then the product normally 
to be expected would be trimethoxybutyric acid, That the terminal 
methoxyl group in a compound such as the latter is not prone to 
removal by lactone formation was shown by Irvine and Hynd 
(1\, 1909, 95, 1226), who obtained ap-dihydroxy-y-methoxybutyrio 
acid by oxidation of 6-methyl fructose (butylene-oxidic). Moreover, 
it would indeed be remarkable to encounter the loss of a methoxyl 
group in alkaline solution without the concomitant of oxidation 
of the terminal — CHyOMe group to — CO*OMe, and it is clearly 
shown that before isolation of the dimethoxy-y-butyrolactone by 
means of mineral acid, the primary oxidation product was potassium 
y-hydroxy- -dim ethoxy butyrate . 

Acceptance of both formulae VI and VII seems therefore to be 
precluded by the evidence of oxidation, and these cthylene-oxidic 
formulae must therefore be abandoned. A propylene oxide structure 
is also inconsistent with the facts, and the only constitution which 
fully meets the case for tetramethyl y-fructose is that which 
represents this compound as containing an amylene-oxide ring as 
shown in formula I. It follows that the allocation of a structural 
formula to sucrose is simplified, and this now consists in butylene- 
oxidic glucose linked with amylene-oxidic fructose by union of 
these hexoses through their reducing groups. 

Other data bearing on the constitution of heptamethyl sucrose 
may now be furnished. It was previously demonstrated that in 
this compound the glucose residue was partly substituted by methyl 
groups and a liquid trimethyl glucose was isolated (Haworth, 
loc. oil.). It is shown that this sugar, which has now been obtained 
in the crystalline form, must be represented by formula VIII. 

Octamethyl sucrose has been prepared by a new method which 
dispenses with the use of methyl iodide. Also it was found in the 
course of this work that a y-sugar may be easily separated from a 
sugar of the butylene-oxidic type by taking advantage of the ease 
with which glucoside formation may be promoted in the cold with 
sugars of the former class. This is paralleled in other groups of 
compounds by several examples of unsaturated acids in which 
separation may be/>ffectcd by preferential esterification or hydrolysis 
(compare Haworth and Perkin, T., 1908, 93, 585). 
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The reduction of tetramethyl y-fructose with sodium amalgam 
and moist ether gave rise to a compound having all the properties 
of a tetramethyl hexitol, and consisting probably of both the 
mannitol and sorbitol derivatives. These showed a specific 
rotation of + 10*8° in water, and this value was not influenced by 
the introduction of boric acid. Bocseken’s results tend to show 
that where no exaltation of specific rotation occurs by the addition 
of boric acid, the compound ordinarily does not contain two 
hydroxyl groups attached to contiguous carbon atoms. It will 
be seen that the structure (IX), allocated to the tetramethyl 
hexitols on the basis of the previous discussion, fulfils this condition. 

rtffl'OH CHg'OMe 

IcH-OMe CH-OH 

(VIII.) i^H-OMe CH-OMe (IX.) 

'CH CH-OMe 

CH-OH CH-OMe 

CH 3 -OMe CH 2 -OH 

Experimental. 

Oxidation of Tetramethyl y- Fructose with Permanganate. 

Preliminary experiments were instituted in order to determine 
the volume of a standard permanganate solution necessary for the 
oxidation of tetramethyl y-fructose. Using neutral permanganate 
in the cold, the whole of the sugar did not undergo oxidation. 
The instantaneous decoloration of permanganate by the y-sugar, 
which has been regarded as a characteristic reaction of sugars of 
this class, ceased after the addition of a few drops of very dilute 
permanganate, and thereafter the decoloration was extremely slow. 
The reaction appeared to be complete, however, long before one 
atomic proportion of oxygen had been supplied. On the other 
hand, when alkali was added, the instantaneous oxidation of the 
sugar proceeded provided the alkalinity was maintained. 

An explanation of this behaviour is that a small proportion of 
the y-sugar is originally present in an enolie form, and that it is 
this form which normally is responsible for the characteristic 
permanganate test for these compounds. Enolisation may, how- 
ever, be induced by the addition of alkali, and so long as alkali is 
present the whole of the sugar can combine with oxygen and 
undergo scission at the double linking which is introduced as the 
result of enolisation. The sensitiveness of tetramethyl y-fructose 
towards alkali is illustrated by the fact that the specific rotation 
is diminished in presence of very dilute sodium hydroxide from 
t 31° to — 19° in the course of a few hours. 
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Acid oxidising agents, on the other hand, attack this y-sugar 
less speedily than alkaline permanganate, and it is remarkable 
that oxidation proceeds scarcely at all with bromine water. It 
may be remarked that some discrepancy appears to have entered 
into the literature of the y-sugars concerning the use of the per- 
manganate test. Almost all sugars, whether butylene-oxidic or 
those of the y-type, respond quickly towards alkaline permanganate, 
but the butylene-oxidic forms decolorise neutral permanganate 
only tardily, and it is this latter reagent which is normally applied 
for the detection of a y-sugar. 

Isolation of Dimcthoxybutyrokiclone. 

Trial oxidation experiments were conducted with the aid of a 
solution containing 1*78 grams of tetramethyl y-fructose in 200 c.c. 
of water. Five c.c. of this solution, to which 1 c.c. of A-sodium 
hydroxide was added, required 28*4 c.c. of 0*092i\ T -permanganate. 
The results pointed to the utilisation of four atomic proportions 
of oxygen for each gram-molecule of the sugar. From the initial 
titration experiments there remained over exactly 185 c.c. of the 
sugar solution, containing 1167 grams of tetramethyl y-fructose. 
To this was added 12 c.c. of 2 A -sodium hydroxide and such a 
volume of the permanganate solution as corresponded with four 
atomic proportions of oxygen. On keeping for several days at 
room temperature, the solution showed a faint green colour and 
this was discharged by the addition of a trace of hydrogen peroxide 
or alcohol. After passing through the solution a stream of carbon 
dioxide to eliminate the free alkali and finally filtering from the 
precipitate of manganese oxides, the clear solution was evaporated 
in a vacuum and yielded a yellow solid. 

Extraction of this solid, first with ether and then with chloroform, 
removed a small quantity of syrup. The residue was dissolved in 
acidified water and extracted with ether in the Hageman apparatus. 
On drying the extract and evaporation of the solvent, a syrupy 
residue was obtained which showed a faintly acid reaction. Dis- 
tillation of a trial portion of this product yielded a colourless liquid 
boiling at 130 — 135°/014 mm. with considerable darkening of the 
residue. This gave OMe — 41 '4 per cent., showed ?j d 1*4419, and 
the product was titrated with alkali : 

0T165 Gram required 8*16 c.c. of A/lO-XaOH for complete 
neutralisation after heating, and behaved throughout as a lactone. 
A lactone, C 4 H 4 C 2 (OMe) 2 , of a monobasic acid should require 
8*0 c.c. A determination of molecular weight in benzene solution 
by the cryoscopic method gave the values 159 and 1G5, whereas 
the above formula requires 146, Since a very small proportion 
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of this distilled product had crystallised on keeping, it is possible 
that the compound shows a t-endency to polymerise. 

The major portion of the compound was prepared for analysis 
without submitting it to distillation, and this w’as dried at 80° in 
a high vacuum : 

0*1730 Gram required 11*64 c.c. of NJ 10-barium hydroxide for 
neutralisation after heating at 90°, whilst a compound of the above 
formula requires 11*84 c.c. 

Found: 0 = 48*96; H = 6*38; OMe = 40*5. C 4 H 4 0 2 (0Me) 2 
requires C = 49'3 ; H = 6*84 ; OMe = 42*4 per cent. For the 
purpose of purification, the barium salt was prepared (Found : 
C = 30*96; H = 4*92 ; Ba = 29*74. Calc., 0 = 31*07; H = 
4 75; Ba = 29*65 per cent.). 

An attempt was made to conduct the oxidation with barium 
permanganate in presence of barium hydroxide, but the former 
reagent which was supplied to us was found to be chiefly the 
potassium salt. Ultimately 4*07 grams of tetramethyl y-fructose 
were submitted to oxidation in alkaline solution, the permanganate 
being added gradually in the cold until the colour was no longer 
discharged by more of the reagent. Thereafter the isolation of the 
product followed the usual procedure and, on evaporation of the 
neutralised and filtered solution, a syrup was recovered containing 
the potassium salt of an organic acid along with traces of mineral 
salts. Treatment with alcohol removed the latter, and this was 
followed by extraction with ether, in which the main product was 
insoluble. The ether contained a substance which reduced Feliling’s 
solution readily, whilst the insoluble residue w*as devoid of this 
property, and weighed 4 grams. This latter compound was dried 
and submitted to analysis; it appeared to be the potassium salt 
of dimethyl tri hydroxy butyric acid. OH'CH 2 , [CH , 03Ie] 2 , C0 2 K 
[Found: K = 19*30; OMe = 29*5. CgH^OfOMeJo’COgK requires 
K - 19*31 : OMe ----- 30' 7 per cent.]. 


Attempted Oxidation of Tetramethyl y Fructose with Bromine. 

Bromine (10*4 grams) in 40 c.c. of w*ater w ? as gradually added 
to an aqueous solution of 4*8 grams of tetramethyl y-fructose, the 
mixture being surrounded with cooled water and agitated for 
twelve hours. Thereafter the unchanged bromine was removed 
under diminished pressure at 40°, more water being added from 
time to time as the bulk diminished. Finally, the solution was 
concentrated in a vacuum, neutralised with Silver carbonate, 
filtered, and the dissolved silver eliminated as sulphide. Evapor- 
ation, followed by drying in a vacuum, led to a mobile liquid 
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distilling at 95 — 97°/0'01 mm. The analysis and physical properties 
indicated that this compound was unchanged tetramethyl y -fructose. 

Condensation of Tetramethyl y -Fructose with Methyl Alcohol. 

A specimen of tetramethyl y-fructose was dissolved in methyl 
alcohol containing 0*25 per cent, of hydrogen chloride, the con- 
centration of the sugar present being 2 4 per cent. This was 
maintained at room temperature and polarimetric readings were 
taken. 


Time in 


Time in 


minutes. 

Hg- 

minutes, 

wir- 

6 

-j- 1 9-9° 

184 

+ 36-4° 

28 

220 

236 

38-3 

45 

230 

271 

40-3 

70 

25*0 

1,400 

49-8 

95 

28-8 

7,200 

57*7 

143 

330 




When the solution was heated to 35°, a temporary fall in rotation 
was observed, but the original value was restored on cooling to 
room temperature. After 1700 minutes, the solution was devoid 
of action towards Fehling’s solution. At this period, therefore, 
the condensation was complete, and the subsequent increase in 
rotation up to -j- 57*7° could only have been due to a change in 
the proportions of a- and fi-forms present on keeping in the solvent. 
As will be shown later, the specific rotation of the distilled fructoside 
was -j- 48*8° in water, and it is probable that the stereochemical 
forms are interconvertible by heating or cooling. 

When the above solution was heated to 35°, a temporary fall in 
rotation was observed, hut the former value was restored as soon 
as the solution cooled to room temperature. It is interesting to 
correlate this phenomenon with the similar observation of Purdie 
and Paul (T., 1907, 91, 290), whose records show a diminution of 
lievorotation when fructose undergoes condensation with methyl 
alcohol. In this case, the optical value tends to approach towards 
dextrorotation if the solution is heated above room temperature 
during the condensation, but here again the variation is only 
temporary. 

The above methyl alcoholic solution was neutralised with barium 
carbonate, the mineral salts were removed, and the product was 
isolated by the recognised procedure, when an amber-coloured 
syrup was obtained which had no action on Fob ling’s solution and 
distilled as a colourless liquid at 137 — 139*/ 13 mm. and showed 
% 1*4461 . It decolorised neutral permanganate instantly (Found : 
C = 52*8 ; II = &*82 ; OMe = 59*9 per cent.). 

* Irvine and Steele and, later, Menzies (T., 1920, 117, 1487 ; 1922. 
121, 2246), describe the preparation of this compound, namely 
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tetramethyl y-methylfructoside, by a different method and from 
material derived from another source. It is interesting to compare 
the polarimetric data of this substance with those previously 
recorded : 


Solvent. 

c. 

[<• 

Water 

2-42 

+ 48-8° 

Ethyl alcohol 

2-95 

38*7 

Methyl alcohol 

2 32 

400 


Isolation of Tetramethyl y -Fructose from Octamethyl Sucrose. 

Two advances have been made on the methods described in the 
earlier work. It is now shown to be possible to methylate sucrose 
completely with methyl sulphate, and also to separate by an 
entirely new procedure the y-fructose from the glucose fragment. 

Whilst under the usual conditions of experiment heptamethyl 
sucrose was the ultimate product obtained by methylating sucrose 
with methyl sulphate (Haworth, Joe . c//.), yet by varying these 
conditions, namely, by conducting the second and third methyl- 
ations in much more dilute solutions and using a larger excess of 
methyl sulphate and sodium hydroxide, it was found that almost 
the whole of the product was octamethyl sucrose, distilling con- 
stantly at I76°/0*3 mm. and having n D 1*4582. The use of methyl 
iodide for the introduction of the eighth methyl group was therefore 
no longer necessary. 

Hydrolysis with 0*4 per cent, hydrochloric acid led to a mixture 
of tetramethyl glucose (butylene-oxidic) and tetramethyl y-fructose. 
These two products cannot be separated by fractional distillation 
owing to the similarity of their boiling points. Taking advantage 
of the fact that the fructose fragment condenses with methyl 
alcohol at room temperature, whilst the glucose residue requires 
prolonged digestion at a higher temperature to effect condensation 
with this reagent, a process of separation was readily devised. 
The mixture of compounds obtained on hydrolysis of octamethyl 
sucrose was dissolved in methyl alcohol containing 0*12 per cent, 
of hydrogen chloride, and the solution was kept at room temperature 
for four days. The specific rotation increased gradually to a 
constant value, and finally the products were worked up in the 
usual way and distilled, when tetramethyl y-methylfructoside 
boiling at 137 — 139°/13 mm. was collected, whilst the tetramethyl 
glucose, having now a considerably higher boiling point, was left 
in the distilling flask, and crystallised. 

Reduction of Tetramethyl y -Fructose. 

Tetramethyl y-fructose (4*5 grams), dissolved hi oO c.c. of moist 
ether, was stirred under reflux in a well-cooled vessel, and carbon 
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dioxide was passed through the solution. During twenty-three 
hours, 293 grams of 2‘5 per cent, sodium amalgam were added, and 
the volume of liquid was kept constant by adding more ether from 
time to time. Following the filtration of the sodium bicarbonate, 
the ethereal solution and washings were dried and the solvent 
distilled, when a colourless syrup remained. A portion of this 
distilled at 171°/17 mm. and showed 1*4572 ; the remainder was 
prepared for analysis by careful drying in a vacuum (Found : 
0 = 50*79; H = 9*06; OMe = 51*2. C 10 H 22 O 6 requires C = 
50*42; H = 9*25 ; OMe — 52*1 per cent.). This result corre- 
sponded with a tetramethyl hexitol, and the product evidently 
was a mixture of both tetramethyl mannitol and sorbitol. It 
showed -f- 10*8° in aqueous solution (c = 2‘5). The addition 
of 0*1 gram of boric acid to 10 c.c. of the solution produced no 
change in the specific rotation. 

Isolation of Crystalline Trimethyl Glucose from Heptamcihyl Sucrose. 

In the hydrolytic cleavage of heptamethyl sucrose by dilute 
acid, the glucose fragment was represented by a trimethyl glucose 
(Haworth, loo. cii.). This was readily separated from the accom- 
panying tetramethyl y-fructose, since its boiling point was con- 
siderably higher than that of the latter compound. On repeating 
this work with the view of allocating a structural formula to this 
trimethyl glucose, the compound distilled at 105 — 170° /0’4 mm. 
and showed n D 1*4795 (Found : OMe = 41*4 per cent.). 

The substance partly crystallised on keeping, and the semi- 
crystalline syrup was dissolved in dry ether, treated with charcoal, 
and the solution concentrated. Large, acicular crystals were soon 
deposited, which melted at 124 c . Polarimetric records showed 
mutarotation during one day from [a] D -f 118 4° to + 69*3°. When 
this substance was mixed with a purified specimen of the crystalline 
trimethyl glucose obtained by Haworth and Leitch in the course 
of their work on lactose, the melting point showed no depression, 
thus confirming the identity of the two specimens. The structure 
is therefore to be represented by the formula YIIT. 

The authors are grateful to the Carnegie Trust for a scholarship 
which enabled one of them to engage in this work. They also 
express their thanks to Mr. W. H. Linnell for valuable help. 
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XXXVIII . — Isolation of the Oxide of a New Element 

By Alexander Scott. 

In 1913 I had the opportunity of examining a black titaniferous iron 
sand from Maketu, New Zealand. This was found to consist almost 
exactly of 75 per cent, of magnetic iron oxide, Fc 3 0 4 , and 25 per 
cent, of titanium dioxide, Ti0 2 . The titanium dioxide on further 
examination was found to contain a minute amount of some similar 
substance which was not attacked or rendered soluble by the reagents 
which should dissolve both titanium and zirconium oxides. The 
original sand seemed to be entirely free from any of the “ rare earths ” 
and this residue possessed none of their characteristic properties. 

Needless to say, work on this interesting substance was practically 
stopped during the war, but the accumulation of small quantities 
was carried on intermittently until a quantity of about 1*4 grams 
of a pale buff-coloured powder was collected in a fair state of purity. 

Briefly, the method of isolating it from the original material was 
to boil the sand with concentrated sulphuric acid until all the black 
particles had disappeared, and pour the product into water, then 
dissolve the precipitated titanium dioxide in hot sulphuric acid; 
any undissolved residue was dried and fused with sodium bi- 
sulphate, the melt dissolved in water, and the new residue fused 
with pure caustic soda; the insoluble residue from this was again 
subjected to fusion with these reagents when, as above mentioned, 
1*4 grams were separated and labelled ** New oxide ” in 1918. 
It had all the characteristics which one would expect in an oxide 
of the titanium-zirconium group and its double fluoride with 
potassium crystallised in a way very similar to the corresponding 
fluorides* of titanium and zirconium. 

All attempts to prepare soluble salts such as the sulphate, chloride, 
and nitrate, as might be anticipated, proved fruitless, so that no 
obvious method of determining the atomic weight of the clement 
except by means of the double fluoride seemed feasible. 

Iwo experiments with an impure sample of the double fluoride 
(which almost certainly contained excess of potassium fluoride 
and perhaps also some sodium fluoride) gave 144 for the atomic 


weight of the element. 

I give the actual weighings in the first experiment : 

Platinum crucible -f K 2 NF 6 dried at 135' 13*4438 

after ignition with strong 11 2 $0 4 giving X0 2 • 1\,80 4 13*3S93 

Crucible -f oxide after re-ignition with (NH 4 )I , 0 3 ~ 13*2288 

Crucible 12*9992 

thm-fure 0*4440 of sail gave 0*2290 of oxide. 


. M **2 
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In a second experiment with another lot of the same sample 
0*3306 of salt gave 0*1761 of oxide ; 
hence 0*7752 of salt gave 0*4057 of oxide, that is, 52*3 per cent, 
of its weight of the oxide. 

The zirconium double fluoride only gives 43*35 per cent. 

The result above given is undoubtedly much too low because of 
the impurities indicated. 

The oxide obtained from the double fluoride was of a cinnamon- 
brown colour ; it is possible that the colour may be due to a trace 
of iron which still seems to be present in spite of the drastic treatment 
which the material lias received. 

I have offered to send my preparations for examination to Drs. 
Coster and Hevesy at Copenhagen, who are the discoverers by means 
of X-ray spectral analysis of lines corresponding to an element the 
atomic number of which is 72, and await their report with breathless 
interest. The examination with the appliances at their command, 
far more powerful and discriminating than any private investigator 
can possess, must be regarded as settling the question whether my 
“ New Oxide ” is, or contains, the oxide of Element number 72. 

Should it prove to be so, as the new element belongs to the same 
family as titanium and is found along with it in the black sand, I 
propose to give it a name derived from Oceanus, one of the Titans. 
The name which I suggest is Occanium, which has the further 
recommendation of recalling that the element comes from the sea- 
shore of New Zealand, one of the components of Oceania. 

34, Upper Hamilton Terrace, 

London. [ Received , February 1#<, 1923.] 


XXXIX , — The Configuration of the Doubly -linked Ter - 
valent Nitrogen Atom . The Resolution of the 
Pyridylhydrazone of cyclo Hexylene Dithiocarbomte. 

By William Hobson Mills and Hans Schindler. 

Some years ago one of us, with Miss A. M. Bain (T., 1910, 97, 
1866), examined the stereochemical relationships of the oxime of 
cyc/ohexanone-4-carboxylic acid (Perkin, T., 1904, 85 , 416), with 
the object of obtaining information respecting the disposition in 
space of the valencies of the doubly-linked nitrogen atom, and 
showed that this compound could be obtained in two enantio- 
morphously related optically active forms. 

Since it is impossible to account for the molecular asymmetry 
*thus demonstrated if the valencies of the nitrogen atom in the 
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oximino-group in this compound have a planar distribution, direct 
evidence was provided that these valencies do not lie in one 
plane, but are directed along the three edges of a trihedral 
angle. 

It was also shown (T., 1914, 105, 64) that the benzoylphenyl- 
hydrazone and the semicarbazone of cycfohexanone-4-carboxyIic 
acid could be obtained in optically active forms and thus that, in 
these compounds also, the three valencies of the doubly-linked 
nitrogen atom are similarly asymmetrically disposed. 

In view’ of the interest attaching to the stereochemistry of the 
doubly-linked nitrogen atom it has seemed to us desirable to investi- 
gate in a similar manner some other compound of as different a 
chemical type as possible from 4-oximinocycfohexanecarboxyIic 
acid but possessing the same stereochemical characteristic that 
its molecule is asymmetric or not according as the three valencies 
of the doubly-linked nitrogen atom have a trihedral or a planar 
distribution. In the present communication, an account is given 
of the synthesis anti resolution into optically active components 
of the pyridylhydrazone of cyclohexylene dithiocarbonate (I). 



>c:n-xh-c 5 h 4 n 


ch 2 


(I.) 


In discussing the optically active forms of the oxime of cyclo - 
hexanonecarboxylic acid, the question was considered whether 
their optical activity was possibly to be accounted for by the 
hypothesis that the optically active compounds obtained did not 
really contain the oximino-group, but were the d- and J-forms of a 
desmotrope of the oxime, the hydroxyJamine derivative (III). 

HON:C<gU*g{| 2 >CH-COJ£ H0-XH-C<^H?;™ 2 >CH-C0 2 H 

(II.) (III.) 

It was pointed out, however, that the behaviour of the substance 
towards Fehling’s solution showed clearly that it w'as a true oxime 
(II), and this was confirmed by the fact that the optical activity 
was more persistent in presence of caustic alkalis which, if tauto- 
merism of the kind suggested were possible, would favour the 
acidic oximino-form, whilst acidification, which should increase 
the stability of the more basic hvdroxylamino-form, caused an 
immediate disappearance of the activity. 

Nevertheless, in seeking another compound which could be 
employed for investigating the stereochemistry of nitrogen by 
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this method it seemed to us important to find one in which all 
possibility of passage by migration of a mobile hydrogen atom 
into a compound with an ordinary asymmetric carbon atom should 
be excluded. The most obvious modification of oximmocycZo- 
hexanecarboxylic acid by which this immobility could be secured 
would consist in the replacement of the four hydrogen atoms in 
the two methylene groups adjacent to the oximino -radicle by 
methyl groups, but there seemed little prospect that the problem 
could be solved in this way. For the carbonyl group in tetra- 
methylcycfohexanonecarboxylic acid (IV) would be so surrounded 

(IV.) CO<g[^> CI ,co 2 H CO,H-CH<3|>CS (V.) 

with methyl groups that it would probably prove indifferent, on 
account of steric hindrance, to hydroxyl amine or to substituted 
hydrazines (Pctrenko-Kritschenko, Ber 1896, 29, 996; Bouveault 
and Loquin, Bull. Soc. chim 1906, [iii], 35, 655). It appeared, 
however, that our object might be achieved by employing a com- 
pound containing, in place of the system -CMe a *COCMe a -, the 
radicle of the thiocarbonates "S*CS*S“. Mobile hydrogen is absent 
from this grouping and there was reason to believe that the thio- 
carbonyl radicle which it contains would show a capacity for 
condensing with phenylhydrazine similar to that of the carbonyl 
group in the ketones. 

It is noteworthy that Busch and Lingcnbrink (Ber., 1889, 32, 
2620) were able, by alkylating phenyldithiocarbazinic acid, to 
prepare compounds which they regarded as phenylhydrazoncs of 
dithiocarbonic esters. 

XHPh-NH-CS’SH — > XHPh*X:G(SR) t . 

Moreover, Busch found {Ber., 1901, 34. 1119) that, in certain cases, 
when a compound of this type contained two different radicles, 
R and R' f it could be obtained in two isomeric forms and he was 
further able to obtain evidence {Ber., 1912, 45, 75) in support of 
the view that the isomerism in question was stereoisomerism of 
the type suggested by Hantzsch and Werner. 

The trithiocarbonate corresponding, from this point of view, with 
cycfohexanonecarboxylic acid would be a compound of the formula 
V. It appeared preferable, however, in order to secure as great a 
difference as possible from the compounds previously investigated, 
as well as for practical reasons, to make the thiocarbonate radicle 
part, not of a six-membered, but of a five-membered ring, and to 
obtain the necessary stereochemical relationships by fusing this 
five-membered ring symmetrically with the cyclohexane ring. 
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We therefore undertook the preparation of cycfohexylene trithio- 
carbonate, W'S^. 

CH,-C%CH-S 

According to well-rccognised stereochemical principles the 
planes * containing the two rings must intersect at an angle as 
shown in Fig. 1 (p. 318) (the third plane represented being that which 
contains the two tertiary hydrogen atoms) and the molecule must 


* In these diagrams the six carbon atoms of the cyclohexane ring are 
represented for simplicity as lying in one plane. Since, however, the angle 
between the carbon-to-carbon valencies of a methylene group in an unstrained 
polymethylene chain is less than the angle of a regular hexagon, it is probable 
that this ring is actually somewhat distorted. 

The configuration of cyclohexane was considered by Sachse (Ber., 1890, 
23, 1363; Z, physikal. Chem ., 1892, 10 , 203), who pointed out that there are 
two arrangements of the carbon atoms in the cyclohexane ring in which it 
would be free from strain and which are therefore to be regarded as it 3 normal 
configurations. 

CH, 

ch/«\ch, (in 

CH,, JCU, <i>vH>CS m 

CH, 


(I) 


In both these arrangements four carbon atoms, in the relative positions 
1, 2, 4, and 5, lie in one plane and the distortion of the ring by which the 
strain is relieved consists in the displacement of the other two carbon atoms. 

3 and 6, to an equal distance to ono side or the other of this plane. The 
first arrangement is that in which the carbon atoms are on opposite sides 
and the second that in whirh they are on the samo side of the plane. A 
little consideration will show that when a second ring is fused with the cyclo- 
hexane ring, as is the case in cyctohcxylene dithiocarbonate, the second of 
these arrangements alone is possible. The effect of this distortion on the cyclo- 
he xylene dithiocarbonate molecule (II) will therefore be that the carbon atoms 

4 and 5 will not lie in the plane which contains the carbon atoms 1, 2, 3, and 
ti, hut they will each be situated an equal distance behind it. Thus, in spite 
of this distortion of tho cyc/ohexanc ring, the plane through the lines ao, 
bo, co is still a plane of symmetry of the cyc/ohexylene dithiocarbonate 
molecule. 

Sachse assumed that the natural angle between the carbon-to-carbon 
valencies in a chain of methylene groups was 1Q9 5 28', The angle between 
carbon valoncies can, however, only have this value in compounds in which 
the carbon atom is attached to four like atoms or groups. The angle in 
question is evidently greater than that in such fully symmetrical compounds 
(Ingold, T., 1921, 119 , 305, estimates it from considerations based on atomic 
volumes as 115-3°), and thus it must approximate more closely to the angle 
of the regular hexagon than Sachse supposed. The degree of distortion of 
the eyefohexane ring from tho piano configuration is therefore presumably 
comparatively slight. 

Since tho isomerism which distortions of this type, if sufficiently per- 
cent, would condition among alieyclic compounds has never been observed, 
it is probably to be concluded that in liquid or dissolved substances they are 
in continuous flux and therefore cannot be tho cause of optical activity. 
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possess a plane of symmetry, namely, the plane cutting the three 
planes shown in the figure at the dotted lines ao, bo , and to. 

Unfortunately, it was found that the preparation of this com- 
pound presented very consider able difficulties. Whilst monocyclic 
esters of trithiocarbonic acid, such as ethylene trithiocarbonate 
(Husemann, Annalen, 1862, 123, 83), or trimethylene trithio- 
carbonate, arc easily obtained by the interaction of ethylene bromide 
or trimethylene bromide with sodium or potassium thiocarbonate, 
we were quite unable to obtain the dicyclic cycZolie xylene ester 
from cyctohexene dibromide in this way. At length, however, 
after having tried several other methods, we found that the ester 
could be prepared, though not very readily, by the action of 
potassium thiocarbonate on 2-iodocycZohexanol, a compound dis- 
covered by Brunei ( Compt . rend., 1902, 135, 1057). 


CH 9 


chJ 


bCHI 

jCH-OH ^ KS 


+ «*» 
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ch 2 

ch 2 J / )chI> cs + K[ + K0H 
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As we had expected, it reacts readily with phenylhydrazine to 
give the phenylhydrazone, C G H 10 <C^C.'X»XHPh. 

If the valencies of the doubly-linked nitrogen atom in this 
compound are trihedrally disposed, it must consist of a mixture 
(or a racemic compound) of two enantiomorphous forms, but 
whether this was the case or not could not be determined on 
account of its chemical indifference. 

To obtain a compound suitable for resolution, it was necessary 
to prepare a hydrazoue with cither acidic or basic properties. The 
optically active oxime of Mills and Bain was acidic. It was 
therefore preferable for the present purpose to employ a basic 
compound, the more so since the presence of an acidic group, such 
as a carboxyl or sulphonie group, in a hydrazine considerably 
diminishes its reactivity towards ketones. It seemed that basicity 
might be most easily conferred on this compound by replacing the 
phenyl group in the hydrazone residue by pyridyl; we therefore 
prepared 2-hydrazi nopyridine described by Fargher and Furness 
(T., 1915, 107, 688) and found that this reacted with cyc/ohexylene 
trithiocaibonate, although considerably less readily than phenyl- 
hydrazine, giving the pyridylhydrazone of cyctohexylcne dithio- 
carbonate. This had marked basic properties and thus a compound 
presenting the necessary chemical and stereochemical characteristics 
was finally obtained. 

In studying the salts which this pyridylhydrazone formed with 
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dilute acids, we examined first the d-bromocamphorsulpkonate and 
found at once that by means of this salt a resolution could be 
effected. After crystallising the d-hromocam phorsulphonate from 
alcohol and ether and decomposing it with ammonia, a specimen 
of the hydrazone was obtained which showed marked laevorotation, 
[*]d " ^3° in carbon disulphide solution. However, in the next 
resolution which was carried out the first crop of salt gave a dextro- 
rotatory specimen of the hydrazone on decomposition, and sub- 
sequent experiments showed that the behaviour of the salt on 
fractional crystallisation was exceedingly erratic. 

As initially prepared, by combining the hydrazone with the acid 
in alcoholic solution and precipitating the greater part of the 
product with ether, the salt showed a specific rotation [a] D in 
alcoholic solutions of from -f 55° to -f- 58 °. On dissolving this 
salt in alcohol and causing it to crystallise in fractions by the 
addition of successive quantities of ether, the first fraction some- 
times showed an increased specific rotation, for example, in onfr 
case [a] D -\- 80°, but on the other hand the first fraction would 
very frequently show a diminished specific rotation, often of only 
-f- 45° or less, and the second fraction would then generally show 
a specific rotation higher than that of the initial product. 

A similar behaviour was shown by the fractions when recrystal- 
lieed. Whether the fraction was one of lower or of higher specific 
rotation than the initial product, the first crop obtained in the 
recrystallisation might show either an increased or a diminished 
specific rotation, and inoculation seemed without effect. The salt 
recovered from the final mot her- liquors in the recrystallisation 
was, however, in most cases of low specific rotation, [x] D 4- 10° 
to - 14°. 

Since the process was thus so little subject to control, we frac- 
tionated the salt by precipitation by ether from alcoholic solution 
and kept all fractions of which the specific rotation was either 
higher than [ajn -f 67° or lower than [x] D ~ 36\ The strongly 
rotatory fractions were united, as were also the feebly rotatory 
fractions, and in this manner two quantities of the salt were 
accumulated of mean specific rotation [x] D -f- 82 and fx] D f 8*6°, 
respectively. 

Each of these quantities was decomposed with ammonia and 
the optically active hydrazone liberated was recrvstallised. Each 
of the two specimens thus obtained had a melting point about 
half a degree higher than that of the inactive compound and was 
shown by combustion to be the analytically pure pyridylhydrazone. 
The pure hydrazone isolated in this way from the salt of higher 
specific rotation was strongly dextrorotatory, showing a specific 
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rotation [a]* + 46°, whilst that from the salt of lower specific 
rotation was considerably more strongly lsevorotatory ([«]„ - S3 0 ),* 
Thus although the peculiar behaviour of the salt on recrystallis- 
ation prevented us from obtaining, with the quantity of material 
at our disposal, the enantiomerides in optical purity, these observ. 
ations prove conclusively that the hydrazone exists in two 
enantiomorphous forms. Its molecule therefore possesses no 
plane of symmetry. 

Now it will be clear that when the residue of cyetohexylene 
dithiocarbonate, C 6 H 10 <|>C<, is united with the pyridylhydrazine 

residue, >N*NHPy, to form the pyridylhydrazone, if the disposition 
of the three valencies of the doubly-linked nitrogen atom in the 
latter compound is such that they lie in one plane, this plane must 



coincide with the plane of symmetry of the cycfohexylene dithio- 
carbonate residue. The doubly-linked nitrogen atom as well a? 
the nitrogen atom of the pyridylamino-radicle will then lie in this 
plane, and therefore it will be a plane of symmetry of the whole 
molecule, and the molecule must be superposablo upon its mirror 
image. But, as has been shown, the hydrazone exists in two 
enantiomorphously related modifications. The pyridylamino- 
radicle therefore cannot lie in the plane of symmetry of the cyclo- 
hexylene dithiocarbonate residue, but must be permanently 
displaced either to one side of it or the other, somewhat as repre- 
sented in Figs. 2a and 26. The resolution of the hydrazone into 


* The optically pure enantiomerides probably possess considerablyjarger 
specific rotations. A specimen of salt of specific rotation [a], + 136° gave 
a specimen of hydrazone of specific rotation [o] B + 131° and another specimen 
of salt of specific rotation [«]„ - 3° gave a specimen of hydrazone of specibc 


rotation [«] D — 100°. 

The amounts of .these products obtained were insufficient for analyst 
but in view of the results described above there is no reason to doubt thft 
the active material in each case consisted of analytically pure hydrazone 
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optically active enantiomerides thus constitutes a direct proof 
that the three valencies of the doubly-linked nitrogen atom, which 
tho molecule of this compound contains, do not lie in one plane 
but arc directed along the three edges of a trihedral angle. 

These observations, taken together with those of Mills and Bain 
on the oxime, the benzoylphenylhydrazone, and the semicarbazone 
of cycfohexanccarboxylic acid, thus show that in several different 
types of compounds the valencies of a doubly-linked nitrogen atom 
have a trihedral disposition. They accordingly provide a direct 
proof of the fundamental hypothesis on which Hantzsch and 
\Verner based their explanation of the isomerism of the oximes 
and other compounds containing a similarly bound nitrogen atom. 

In one respect, the pjTidylhydrazone of cyc/ohexylene dithio- 
carbonate shows a marked difference from the oxime and the 
hydrazones of cycfohexanecarboxylic acid. The latter substances 
are exceedingly sensitive to acids, losing their activity immediately 
on acidification. This hydrazone was found, however, to retain 
its activity even after keeping for hours in solution in dilute hydro- 
chloric acid. At the same time, it possesses no great stability, for 
in working up the mother-liquors of the bromocamphorsulphonate 
a peculiar odour, evidently proceeding from small quantities of a 
decomposition product, was frequently noticed. 

The trithiocarbonate is also easily decomposed. When it was 
heated in alcoholic solution with pyridylhydrazine in order to 
prepare the pyridylhydrazone, a by-product of markedly acidic 
character was always formed . This had a composition corresponding 
with the formula C 6 H 5 X 3 S and it was easily obtained by heating 
pyridylhydrazine with potassium trithiocarbonate and acetic acid. 
It was thus evidently a mercaptan (VI) derived from benzoiso- 
triazole, a condensed ring system formed by fusion of a dihydro- 
pyridine nucleus with a triazole nucleus, discovered by Marekwald 
and Rudzik (Ber., 1903, 36, 1111). 
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A similar compound was obtained by Marekwald and Meyer 
from 2-quinolylhydrazino (Ber., 1900, 33, 18SS). Moreover this 
substance shows the behaviour characteristic of compounds con- 
taining the group first observed by Wokl and Marek- 

wald (Ber., 1889, 22, 576), in that the sulphydryl radicle is very 
readily eliminated by wanning with dilute nitric acid, benzoiso- 
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triazole being formed. This mercaptan probably owes its formation 
to the intermediate production of the tautomeric modification 
(VIII) of a pyridylhydrazone (VII). 

Experimental. 

cyelo Hexylene Trithiocarbomte.— 2-Iodocycfohexanol was prepared 
by treating cyriohexene in ethereal solution with iodine in presence of 
yellow mercuric oxide and water (Brunei, Compt. rend., 1902, 135, 
1055). The crystalline product of the reaction was drained from 
adherent oil on unglazed tiles and recrystallised from light petroleum. 
This compound was converted into trithiocarbonate by heating the 
pure substance, melting at 41—42° (4'4 grams) for one and a half 
hours on the boiling water-bath with potassium trithiocarbonate 
(3*6 grams ; 1 mol.) and aqueous methyl alcohol (32 c.c. of methyl 
alcohol and 12 c.c. of water). 

The liquid, which at first was turbid, soon cleared, and cyclo- 
hexylene trithiocarbonate separated in yellow prisms. After cooling, 
the ester was collected and purified by recrystallisation from 
alcohol. It melts at 165 — 166° and is easily soluble in hot alcohol 
or carbon disulphide, but dissolves less readily in ether (Found; 
0 = 44'0; H = 5*3 ; S - 50 6. C 7 H 10 S 3 requires C — 44*2 ; H = 
5 < 3 ; S = 50*5 per cent,). The yield of the recrystallised product 
is usually only about 11 per cent, of that theoretically obtainable, 
the main product of the reaction being a viscous oil. 

Phenylhydrazone of cyclo Hexylene Dithiocarbonate (cyclo Hexylene 
Pkenyldithiocarbazinate) . — This compound is easily prepared by 
heating the trithiocarbonie ester on the boiling water-bath with an 
excess of phenylhydrazine (3*5 niols.) in alcoholic solution, hydrogen 
sulphide being eliminated. Better yields (about 8/ per cent, of 
the theoretical) were obtained by heating the trithiocarbonie osier 
with phenylhydrazine hydrochloride (10 inols.) and sodium acetate 
(16 mols.) in aqueous alcoholic solution on the water-bath. On 
cooling, the phenylhijdrazone crystallised in colourless leaflets, 
which, after recrystallisation from alcohol, melted at 18T5 lh2 
(Found : C — 59’2; H — 6*0 ; N — 10*8; S — 24*1. C 13 H 16 N 2 S 2 
requires C — 59‘0 ; II = 6*1; X — 10* / ; S = 24*2 per cen. .). 

2‘Pyridylhydrazoneofoyc\oHexyleneDithiocarbonate(cyc\oHexykM 

2‘Pyridyldithiocarbazinatc). — The trithiocarbonie ester (1 gram) and 
an equal weight of 2-pyridylhydrazinc (Fargher and Furness, loe. 
cit.) w r ere dissolved in alcohol and boiled for seven hours on the 
water-bath. The greater part of the solvent was then evaporated 
and the crystals which separated on cooling were recrystallised twice 
from carbon disulphide and then once from alcohol. The pyn y 
hydrazone was thus obtained as a yellow, crystalline pou cT 
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acting at 167 — 168*5° and easily soluble in carbon disulphide or 
a hot alcohol (Found : 0 = 54 3 ; H = 5*8; N = 15*8; S = 24*4. 
Ji 2 Hi 5 N 3 S 2 requires C = 54*4 ; H — 5 7 ; N = 15*9 ; S = 24'2 
ier cent.). 

Benzoisotriazolyl Mercaptan , — This compound can be isolated 
rom the alcoholic mother-liquor from which the crude pyridyl- 
lydrazone has crystallised by evaporating the alcohol and treating 
,hc residue with excess of aqueous ammonia. This dissolves the 
nercaptan (which contains the acidic grouping *N!C*SII), but leaves 
he other substances present undissolved. The ammoniacal 
solution is filtered from these and acidified with acetic acid, when 
he mercaptan is slowly deposited. It is collected after two days, 
iecolorised with animal charcoal, and re crystal Used several times 
ioM hot water. It crystallises in fine, colourless needles and 
melts at 205 — 200°. It is very easily soluble in alcohol or in hot 
water, and is moderately soluble in ether or carbon disulphide. 
It is sufficiently strongly acidic to decompose sodium bicarbonate 
(Found : C = 47*7 ; H — 3*6; N = 27*0 ; S = 21*3. C 6 H 5 N 3 S 
requires C — 47*7 ; H = 3*3; X = 27*8; 8 — 21*2 per cent.). 

This mercaptan is easily prepared by the action of trithiocarbonic 
acid on pyridylhydrazine. 
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Equimolecular quantities of pyridyl hydrazine and potassium 
trithiocarbonate were boiled for two hours in alcohol to which a 
little glacial acetic acid had been added. The alcohol was then 
evaporated and the residue was dissolved in hot water. The 
mercaptan crystallised on cooling and was found to be identical 
with that obtained as a by-product in the preparation of the 
pyridylhydrazone . 

The mercaptan was oxidised to bcnzo/sotriazole by heating with 
excess of 20 per cent, nitric acid on the water-bath. A somewhat 
rigorous reaction took place with the evolution of nitrous fumes. 
On evaporating the nitric acid, the benzot sot ria zoic was left as a 
hygroscopic residue as described by Fargher and Furness {loc. cit. y 
P’ 005). The chloroplatinatc was precipitated at once on the 
addition of cliloroplatinic acid to the aqueous solution of the base. 
It did not melt at 300° [Found : Pt - 29*7. (P G H-X 3 ) 2 ,H 2 PtCI 6 
requires Pt — 30*1 per cent.]. 
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Resolution of cydloHexylene Dithiocarbomte PyridyUtydmzone. 
The (2-bromocamphorsulphonate, with the aid of which the 
resolution waa effected, was prepared by adding a solution of 
d-bromocamphorsulphonic acid (0*64 gram) in absolute alcohol 
(2 c.c.) at the ordinary temperature to the hydrazone (0*5 gram; 

1 mol.) in suspension in absolute alcohol (6 c.c.). After the hydr- 
azone had passed into solution, which quickly took place, anhydrous 
ether (30—50 c.c.) was gradually added. Small crystals of the 
salt soon appeared and in a short time the greater part of the 
product separated as a voluminous, crystalline precipitate. When 
left in contact with the solution, the fine needles generally under- 
went a gradual transformation into larger crystals. 

Tn this manner 4 grams of the hydrazone gave 8 grams of salt, 
the theoretical quantity being 8*7 grams. The specific rotation, 
[a] D , of different preparations varied from +55 to + 58 in 

alcoholic solution, _ 

To recrystallisc the bromocamphorsulphonate, it was dissolved 
in the minimum quantity of absolute alcohol and anhydrous ether 
was added, when the salt was gradually precipitated in very fine 
needles. The second and subsequent crops were obtained hy 
evaporating the motherdiquors to small volume in a vacuum at 
the ordinary temperature and then adding more ethei. 

The following examples, in which, however, less irregularity is 
apparent in the changes of specific rotation than was frequently 
observed, illustrate the behaviour of the salt on rcerystallisation. 

(1) 2-14 Grams of the salt as initially obtained gave, on being 
fractionated in the way described, a first fraction, weighing 0*41 grain, 
of specific rotation [*] D + 48°, a second fraction, weighing 1*1$ 
grams, of specific rotation [>]» ! 59\ and a third, weighing 
0*32 gram, also of specific rotation |>]» + 59°. The first and third 
fractions were worked up with others of similar specific rotation 
The second was recrystallised separately and gave 0*94 gram o 
specific rotation [a] D +70 9 , which, again leciystallisu , g.a\e 
0*73 gram of specific rotation [>] D -r92\ All specific rotations 
were taken in alcoholic solution. Here a progressive elimination 
of the /-hydrazone d-bromocamphorsulphonate and a corresponding 
concentration of the d-hydrazonc ^bromocamphorsulphonate 


clearly taking place. . r ,» 

(2) A fraction, weighing 1*39 grams, of specific rotation .[« J D . 0 
was recrystalliscd and gave a first crop, "weighing 0 88 giam, 
specific rotation [«]* + 32° and a small second crop (0 0 5 gram) oi 
specific rotation [at +71°. The first crop, thnee recrystalltoc . 
gave first 0*75 gram of specific rotation [a] D -|- 20°, then 0 4. gn 
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0 f specific rotation [a] D j- 19°, and then 0*27 gram of specific 
rotation [ol, — 3°. Thus in this example a concentration of the 
J.bydrazone d-bromocamphorsulphonate was being effected. 

The way in which two fractions of salt of specific rotation 
[=0 d + 82° and [a] D 8*6°, respectively, were obtained has already 
been indicated. These were investigated in the following manner. 

A quantity of 2*07 grams of the salt of higher specific rotation 
was suspended in water and was decomposed by the addition of 
an excess of dilute ammonia. The hydrazone thus set free, being 
insoluble, was collected and, after having been dried, was recrystal- 
lised, first from carbon disulphide, and then from alcohol. This 
purification was accompanied by considerable loss, as the hydrazone 
is rather easily soluble in carbon disulphide, 0*44 gram only of 
hydrazone being obtained out of the theoretical quantity of 
0*95 gram. 

The specimen of hydrazone thus isolated melted sharply at 
168 — 169° (the inactive hydrazone melts at 167 — 168*5°) and was 
analytically pure (Found : C = 54*5; H = 5*7. Calc., C = 54*4; 
II = 5*7 per cent.). It was markedly dextrorotatory. 

0*2064 Gram of hydrazone, in carbon disulphide solution (20 c.c.), 
gave a 1 ,;' + 1*05° (J = 2*2); whence [a],; -f- 46*3°. 

0*0617 Gram of hydrazone, in alcoholic solution (20 c.c.), gave 
a|f -j- 0*31° ( l — 2*2) ; whence [a]}; -j- 46\ 

The hydrazone similarly isolated from the salt of specific rotation 
[x]i>t 8*6° Mas strongly kevorotatory. The quantity of this salt 
taken was 0*761 gram. The hydrazone obtained by decomposing 
it with ammonia after recrystallisation first from carbon disulphide 
and then from alcohol weighed 0*16 gram. It melted at 168 — 169° 
and was analytically pure (Found : C — 54*6; H — 5*7. Calc., 
C= 54*4; II = 5*7 per cent.). It was examined polariraetrically 
with the following result. 

00338 Gram, in alcoholic solution (10 c.c.), gave a# — 0 2b 3 
(i - 1) ; whence [x]}*’ — 83°. 

University Chemical Laboratory, 

Cambridge. [Received, January 17 th, 1923.] 

XL.— The Sorption of Iodine by Carbons Prepared 
from Carbohydrates . 

By James Briekley Firth. 

The work of investigators on sorption by carbon has hitherto 
&en mainly confined to carbons of either animal or vegetable 
°ngin, such as bone charcoal, blood charcoal, or the different 
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varieties of wood and nut charcoal. The exception seems to 
have been sugar carbon, and to a lesser degree lampblack. It 
would appear that if carbons of different molecular complexity 
could be prepared, they would have a corresponding variation 
in activity and sorptive capacity. 

The object of this series of investigations is to determine, if 
possible, whether the complexity and nature of the original coin, 
pound influence the activity of the carbon produced from it, 
and also to determine the influence (if any) of such elements as 
nitrogen, sulphur, and the halogens in the parent substance. It 
is therefore proposed to prepare carbons from pure substances 
belonging to the various classes of organic compounds. 

The present investigation is confined to carbons prepared from 
carbohydrates. 

Experimental. 

The chloroform was dried for several days over calcium chloride 
and fractionated, the middle portion only being taken. 

Resublimed iodine was employed as solute. 

The carbohydrates used were the purest obtainable, and those 
marked K were Kahlbaum’s preparations. The carbohydrates 
were carbonised at as low a temperature as possible and the con- 
ditions were as nearly as possible the same in all cases. The re- 
sulting carbon was finely powdered, digested with concentrated 
hydrochloric acid, washed with water, and finally boiled with 
water until free from chloride, and the purity of the carbon then 
determined. Cellulose carbon was prepared from the best surgical 
cotton wool. It was digested successively with dilute potash, 
dilute hydrochloric acid, water, alcohol, and ether to remove 
admixtures and finishing materials. It was then carbonised as 
in other cases. A specimen of sugar carbon was prepared by 
adding concentrated sulphuric acid to a concentrated sugar solu- 
tion, the resulting carbon was repeatedly digested and washed with 
boiling water until free from sulphate, and then treated as in other 
cases. The approximate density of each carbon was determined 
by the water displacement method. Although the values for 
density are not to be regarded as absolute, the figures indicate 
satisfactorily the relative densities of the various carbons. 

jV/lO-Snlutions of iodine in chloroform were used throughout. 
The carbon was heated to a dull red heat, out of contact with the 
air, immediately before being used. One gram of the finely divided 
carbon was used in each case and treated with 25 c.c. of the A’/ 10: 
iodine solution. *Thc experimental details were very similar tog 
those already stated (Firth, Trans. Faraday Foe ., 1921, 16, 434)* 
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Table I. 


Carbon 

Percentage 

Percentage 



prepared 

ash as 

ash after 



from 

prepared. 

purification. 

Density. 

Remarks. 

Sucrose \ 
by beat / 

0*245 

0*086 

1*501 

f Bright; 

< easily 
[ powdered 

Sucrose \ 
by H 2 S0 4 j 

0*773 

0*189 

1*700 

» 

Glucose 

1*784 

0*512 

1*502 


Maltose (K) 

0*111 

0*098 

1*509 

„ 

Lactose (K) 

0*637 

0*372 

1-G19 

„ 

Lsevuloso (K) 

0*323 

0*129 

0*410 

t Dull; 

-| easily 
[powdered 

Wheat \ 
starch J 

0*504 

0*461 

1*434 

Potato ) 

starch / 

2*810 

1*326 

1*515 

f Fine black 

Rice | 

starch j 

2*770 

1*036 

1*436 

J powder, 
j easily 




[pyrophoric 





| Bright; 

Dextrin (K) 

0*001 

0*432 

1*497 

- easily 

1 powdered 
( Very hard ; 

- difficult 


Inulin {K) 

2-071 

1*117 

1*506 




I to powder 
f Very fine 


Cellulose 

0*486 

0*301 

1*480 

f powder, 

| easily 


[pyrophoric 

The temperature of experiment was 18" . The results are expressed 
in terms of 100 c.c. of solution ; the mass of carbon, m, = 4 gTams ; 
xjn = grams of iodine sorbed by 1 gram of carbon ; a — x — the 
final concentration of the solution in grains per 100 c.c. The time 
of exposure of the carbon to the solution was varied from five 
minutes to seven days. The results are given in Table II. 

From Table I, the purest carbon of the scries is seen to be that 
prepared from maltose, whilst potato starch carbon finally con- 
tained the highest percentage of ash. \\ ith three exceptions, 
the ash was considerably less than 1 per cent., whilst in two cases 
it was less than 0T per cent. During carbonisation, most carbo- 
hydrates passed through a very viscous phase and gave rise to a 
friable, metallic -looking carbon mass. In the cases of rice starch 
and cellulose, no such phase occurred, and the ultimate product 
was a very 7 fine, easily pyrophoric powder, whilst inulin gave rise 
to a dull and exceedingly hard carbon. 

I From Table II it will be observed that the various carbons differ 
Ter y much in activity. The values of .r'm for an interval of five 
minutes vary from ()’06G72 in the case of lmvulose carbon to 0 2917 
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Table II. 


Source of 
i carbon. 


Sucrose 
(by heat) 


Sucrose 
(by H 2 S0 4 ) 


Glucose 


Maltose 


Time. 

xjm. 

a—x. 

5 mins. 

0-2439 

0-2941 

30 „ 

0-2540 

0-2537 

2 hours 

0-2622 

0-2209 

24 „ 

0-2847 

0-1309 

3 days 

0-2958 

0-0865 

7 „ 

0-3085 

0-0357 

5 rains. 

0-1859 

0-5261 

30 „ 

0-1961 

0-4853 

2 hours 

0-2136 

0-4153 

24 „ 

0-2289 

0-3541 

3 days 

0-2631 

0-2173 

• 7 „ 

0-2762 

0-1649 

• 5 mins. 

0-2917 

0-1019 

30 „ 

0-2954 

0-0881 

2 hours 

0-2979 

0-0781 

24 „ 

0-3012 

0-0649 

3 days 

0-3092 

0-0329 

l 7 „ 

0-3104 

0 0281 

r 5 mins. 

0-1951 

0-4S93 

30 „ 

0-2025 

0-4597 

2 hours 

0-2142 

0-4129 

l 24 „ 

0-2429 

0-2981 

3 days 

0-2868 

01225 

l 7 „ 

0-3012 

0-0649 


Source of 
carbon. 


Dextrin 


Cellulose * 


Potato 

starch 


Rice 

starch 


r 5 mins. 01734 0-5762 

30 „ 0-1841 0-5334 

I 2 hours 0-1952 0-4890 

Lactose - 24 ^ 0<2 270 0-3018 

3 days 0-2680 0-1978 

l 7 0-2996 0-0714 


Wheat 

starch 


r 5 rains. 0-06672 1-0029 

30 „ 0-07854 0-9556 

, | 2 hours 0-09364 0-8952 

Ltcvuiose 2 4 0-1328 0-7386 

3 days 0-1545 0-6518 

l 7 0-1741 0-5734 


Inulin 


Tune. xjin. 

5 mins. 0-1562 
30 „ 0-1647 

2 hours 0*1803 

24 „ 0-1981 

3 day3 0-2149 

7 „ 0-2303 

5 mins. 0-2911 
30 „ 0-2942 

2 hours 0-2963 

24 „ 0-3006 

3 days 0-3073 

7 „ 0-3106 

r 5 mins. 0-2858 
30 „ 0-2892 

2 hours 0-2931 

24 „ 0-2969 

I 3 daj’S 0-3047 
L 7 „ 0-3098 

r 5 rains. 0-2346 
30 „ 0-2483 

I 2 hours 0-2587 
1 24 „ 0-2692 

3 days 0-2878 

- 7 „ 0-2998 

f 5 mins. 0-2301 
30 „ 0-2456 

I 2 hours 0-2532 
1 24 „ 0-2699 

3 days 0*2868 
It,, 0-2987 

, 5 rains. 0-1698 
30 „ 0-1827 

I 2 hours 0-2001 
1 24 „ 0-2192 

3 days 0-2352 

- 7 „ 0-2581 


a—x. 

0-6450 

0-6110 

0-5486 

0-4774 

0-4102 

0-3246 

0-1050 

0-0930 

0-0846 

0-0674 

0-0406 

0-0274 


0-1205 

0-1129 

0-0973 

0-0821 

0-0509 

0-0305 

0-3313 

0-2765 

0-2349 

0-1929 

0-1185 

0-0705 


0-3494 

0-2874 


0-1902 

0-1226 

0-0750 


0-5906 

0-5390 

0*4694 

0-3930 

0-3290 

0-2374 


in the case of glucose carbon, and for twenty-four hours the values 
are OT328 and 0*3012, respectively. It will be observed from 
Table I that lajvulose has the lowest density of the series, but the 
results in general do not indicate that density is a primary factor 
in determining the activity of the carbon. Glucose, cellulose, 
and potato starch carbons show very high activity, and with the 
exception of laevulosc the remainder of the carbons are of medium 

activity. , 

After a period of seven days, the total iodine sorbed by t ir- 
respective carbons appears to be approaching an identical value;, 
that is, ultimately the sorptive capacity in all eases will be the 
same. In order to test this view, the three carbons from glucose, 
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l^vulose, and dextrin, under the same conditions as before, were 
-sposed to the iodine solution for six months; the xjm values 
hen were : glucose 0*3128, lacvulose 0*2893, dextrin 0*2962. These 
osuits would indicate, therefore, that under the conditions of the 
iresent experiments the ultimate sorptive capacities of the carbons 
,f this series are the same. 


Summary. 

For the conditions of the experiments as herein described : 

1. The activity of the carbons prepared from carbohydrates may 
rar y over quite a large range. 

2. The greatest activity is displayed by the carbon prepared from 
glucose, and the least by the carbon prepared from Isevulose. 

3. The ultimate sorptive capacity of all the carbons prepared is 
the same. 

Tke Chemical Department, 

University College, Nottingham. 

[Received, December lG/fc, 1922.] 


111.— The Chemistry of the Glutaconic Acids. Part 
XIV. Three-carbon Tautomer ism in the cyclo- 
propane Series. 

By Frank Robert Goss, Christopher Kelk Ingold, and 
Jocelyn Field Thorpe. 

The outcome of work, which has been carried out on glutaconic acid 
and its derivatives during the past seventeen years, has been to 
diow that t he ordinary geometrical conceptions regarding the 
influence of the double bond fail to account for the peculiar reactions 
of these substances, excepting in the ease of acids in which the last 
remaining mobile hydrogen atom has been replaced by an alkyl 
group, for instance, ax-dimcthylglutaconic acid and % xS-trim ethyl* 

1 slutaeonic acid, which cease to be of interest from the point of view 
of ihree-carbon tautoincrisin, and are found to occur in ordinary 
nV and Irans- modifications, the former alone being capable of 
yielding; an anhydride. Glutaconic acid, on the other hand, in 
of frequent attempts, lias been isolated in only one form ; and 
this form, instead of being of the usual stable /mas-configuration, 
[Kissesses a cos-structure, since it yields an anhydride very readily. 
^ is true that many of the alkyl-substituted glutaconic acids which 
still contain a mobile hydrogen atom exist in two modifications, but 
the isomerism hero is certainly not of the ordinary geometrical 
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type, since, unlike aa-dimcthylglutaconic acid and other acids 0 f 
the non-mobile series, the isomerides give anhydrides with eqna] 
ease. Only when the mobile hydrogen atom is replaced, or when 
the mobility is reduced by the presence of bulky substituents, as 
in the case of (3-phenyl-a-methyIgIutaconic acid, does ordinary 
geometrical isomerism occur. 

In the mobile series, therefore, the static geometrical conception 
must be replaced by a broader view, and one of the principal results 
of recent work has been to confirm the view, advanced by Thole 
and Thorpe (T., 1911, 99, 2187), that these acids are mobile tauto- 
meric substances, and that the a- and y-carbon atoms of the three- 
carbon system function equally. A striking and most welcome 
additional confirmation is provided by the recent experiments of 
Feist (Annalen, 1922, 428, 25 et seq .), who found that asymmetrically 
substituted glutaconic esters, on fission by the ozone method, gave 
not the two products expected from a static substance having the 
double bond in a definitely fixed position, but four products, two 
of which corresponded with each of the two possible positions for 
the double bond. This kind of behaviour appears to be peculiar to 
all symmetrical mobile systems, since not only glutaconic esters, 
but also diazoamino-compounds and amidincs, yield four products 
instead of two when subjected to fission by suitable reagents 
(Ingold and Piggott, T., 1922, 121, 2881). 

The idea of symmetry is not conve} r ed by the ordinary double- 
bonded formula of the glutaconic acids, and it has been customary 
to employ the “semi-aromatic” mode of formulation, which is 
intended to express, not only the symmetry of the mobile system, 
but also its stability and the strong tendency to its formation. 
Thus it has repeatedly been shown that acids, to which semi- 
aromatic formulae have been given, are only with the greatest 
difficulty reduced to the corresponding glutaric acids, whilst the 
esters show little or no tendency to form additive products with 
ethyl cyanoacetate in the normal manner characteristic of aS-un- 
saturated esters. In other words, the appearance of mobility in the 
glutaconic acids is associated with a definite loss of additive 
power, to which further reference will be made below. 

The other point, which has frequently been emphasised, is the 
remarkable tendency to the formation of the mobile glutaconic 
acids, which is such that groups, for instance the carbethoxyl group, 
are removed with quite extraordinary ease, and in the presence of 
reagents which do not usually effect their elimination, when the 
mobile hydrogen a’tom necessary for glutaconic tautomerism can 
thereby be acquired. Thus although ethyl a-carboxyglutaconate 
and ethyl ay-dicarboxygiutaconate arc both quite stable towards 



the chemistry of the glutaconic acids, part XIV. 329 


iodium ethoxide, ethyl ay-dimethyl-a-carboxyglutaconate and 
jthyl a-methyl- ay-diearboxyglutaconate, on treatment with cold 
sodium ethoxide, readily split off a carbethoxyl group as ethyl 
carbonate, and thus acquire the hydrogen atom necessary for 
tautomerism (Bland and Thorpe, T., 1912, 101, 871) : 


(C0 2 Et) 2 CMe-CH:CMe-CO 2 Et — > 

c6 2 EfC[H]Me*CH:CMe*C0 2 Et + CO(OEt) 2 . 
(C0 2 Et) 2 CMe*CH:C(CO 2 Et) 2 

C0 2 Et-C[H]Me*CH:C(C0 2 Et) 2 + 0O(OEt) 2 . 


Similar examples have been described in the case of certain 
ittdene derivatives (Ingold and Thorpe, T., 1919, 115, 143) which 
are analogous to glutaconic acid, and there is every reason to 
suppose that the phenomenon is fundamentally identical with the 
formation of mobile keto-enol systems, by the elimination of a 
bromine atom as hypobromous acid in the presence of dilute alkalis 
(Morris and Thorpe, T., 1921, 119, 1202). Such abnormal reactions 
appear to be peculiar to the formation ol mobile tautomeric systems, 
and represent a feature of which count must be taken in arriving at 
a just appreciation of the molecular condition of these substances. 

For these reasons, it seemed desirable to investigate the behaviour 
of certain cyclic substances possessing a structure similar to that of 
glutaconic acid, in order to ascertain whether the phenomena 
associated with this particular group are of widespread occurrence. 
The substance which first suggested itself was the cyc/opropene 
acid (I), which, if formulated as a glutaconic acid, would have the 
structure (II) possessing an axis of trigonal symmetry, the mobile 
lydrogen atom belonging equally to each of the three carbon atoms 
composing the ring : 


(I.) 


COoH*CH<n’ C0 2 H 

OCO,H 


00>H*Coi 


/OC0 2 H 

•OAt i 


(ii.) 


Such a substance would doubtless possess quite extraordinary 
stability and exhibit to a marked degree the loss of additive 
power which appears in every case to accompany the production 
of a symmetrical glutaconic structure. 

Pending, however, a study of the conditions under which this 
add could be prepared in quantity from triearballylic acid, it was 
Wed to carry out investigations on the chemistry of acids of 
the type III and VI, in order to ascertain whether they fall within 
the glutaconic conception and possess in reality formula IV. 


(HI.) CH 3 < 


C*CO a H 

OC0 2 H 


yOCO.>H 

CH<h | , (IV.) 

\>co 2 h 
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Now it is a curious fact that cycfopropene acids of type Ilf 0r 
VI are easily prepared, so long as there is a hydrogen atom available 
to enable them to assume the structure of formula IV. Thu® 
Fanner and Ingold {T., 1921, 119, 2003) were able to prepare the 
acid (VI) from the bromoglutaconic ester (V) 


(V.) 


<3 


ch< ch.co 2 h 

OCO.H 


(VI.) 


whilst, by a similar process, Feist (Ber. 3 1893, 26, 750) obtained 
the acid (VIII) from bromoisodehydracetic ester (VII). 


(VII.) 


CMe< 


CBrCO— (> 
C(C0 2 Et):CMe 


CHMe<li‘ C ? s ? (VIII.) 
C-CO.H 


But in every case in which attempts have been made to prepare 
acids of this constitution without the hydrogen atom, for example, 
the acid (IX), other products have been formed. 


(IX.) 


M e >c< C , C° 2 H 
Me OC0 2 H 


Me >r< CHBrC0 2 Et , x . 
Me X XHBr-C0 2 Et 


The first attempts of this kind were made by Perkin and Thorpe 
(T., 1901, 79, 732), who treated the dibromo-ester (X) with alcoholic 
potassium hydroxide and obtained the ethoxy- derivative (XI), 
whilst from the corresponding (libromo-acid they obtained the keto- 
acid (XII). It was suggested at the time, that in all probability 
the unsaturated ring acid was first formed, but that, being unstable, 
it added on either the elements of alcohol to form the ethoxy- 
derivative, or of water to form the keto -acid. 


R^^aOEtJ-COJI 
K XH*G0 2 H “ 
(XI.) 


Pv' >c ^CO*C0 2 H 
IT ^CH./CO.H 
(XIL) 


K >c< c(° H ).caH 

IT T)H*C0 2 H 


(XIII.) 


Since that time the behaviour of other dibromo- (^-substituted- 
glutaric acids has been studied, with results which are summarised 
briefly in the following table. 


aa'-Dibromoglutaric 
ester with j80-group. 
Dimethyl 

Methyl ethyl 

Diethyl 

cycfoHexaue 


Products of action 
of alcoholic KOH. 
Ethoxy-ring acid 
Koto-acid 
Ethoxy-ring acid 
Keto-acid 
Hydroxy-ring acid 
and kcto-acid in 
equilibrium 
Hydroxy-ring acid 
only 


Type. Observers. 

XI Perkin and Thorpe 

Xii ( loc . c it.). 

XI Singh and Thorpe, ibis 

XI [ vol., p. 113. 

XIII Deshapanda and Thorpe 

XII (T., 1922, 121, 1430). 

X1U Beesley, Ingold, aid 

Thorpe (T-» 

107 , 1080 ). 
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It will be noticed that the order of stability of the cyclopropane 
ring is in accordance with our general view of the influence of groups 
and ring-systems on the deflection of the tetrahedral angle, and 
that, for example, the cyclohexane complex, which produces the 
greatest effect, renders the hydroxy- ring stable ; whereas in the case 
of the diethyl group the slight alteration of the angle leads to 
tautomerism between the open-chain keto-acid and the hydroxy- 
ring acid; in the other two instances, the angular deflection is not 
sufficient to render the ring structure stable, unless an ethoxy-group 
is attached to one of the carbon atoms. 

From this evidence it seems fairly certain that in every case the 
products are due to the initial formation of the unsalurated ring 
structure (type IX), and that in. no single instance does this structure 
possess sufficient stability to enable it to survive, in spite of the 
fact that yew-groupings should favour its stability. Moreover, the 
replacement of one of the alkyl groups of the yew-complex by 
hydrogen should, owing to the consequent increase of the tetrahedral 
angle (Ingold, T„ 1921, 119, 305; 1922, 121, 2676) decrease the 
stability of the unsaturated ring, whereas, actually, the contrary 
is the case to such a degree, that the unsaturated systems (VI) and 
(VIII) are not only capable of existence, hut are comparatively 
stable substances. 

It is evident, therefore, that in the systems conventionally 
represented by formula* (VI) and (VIII), conditions are present 
which are not accounted for by the ordinary conceptions applicable 
to these structures, and that these conditions are determined by 
the presence of a mobile hydrogen atom, the acids being in every 
way comparable with glutaconic acid in the possession of what we 
have named eleewhero “ semi-aromatic ” character. 

Strong confirmation of this is obtained on considering the properties 
of the substances themselves. Thus the acid previously represented 
by formula (Mil) occurs, like glutaconic acid, in one form only 
(m. p. 200°), which must therefore have the “ normal ” structure 
(XIV), although in solution there must be a definite phase consisting 
of the “ labile ” form (XV), since many of the reactions of the 
substance are obviously reactions of this form. 

/OC° 2 H 

hW) (l\Je<H I CM e<V Kl V£ (XV.) 

^C-COJl \XX) 2 H 

Moreover, although only one acid is isolable. it forms both normal 
■md labile esters. Further details of the relationship between these 
two esters will be given below, but it may be added here that 
additional evidence of the labile phase of the acid is shown by its 
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conversion (in poor yield) into its hydroxy- anhydride (XVI), which 
must take place through the intermediate formation of the labile 
modification, and by the formation of 2 : 3-dibromo-3-methylcycJo. 
propane- 1 : 2 -dicar boxy lie acid (XVII) on addition of bromine. 

(XVI.) CMe<? :C(0 ®>0 CMeBr<9® r ' C n 0 ^ (XVII.) 

0 CO Lii vUjjXl 


Nevertheless the only acid which can be isolated is an ex- 
tremely stable substance, which sublimes without decomposition 
at temperatures approaching 200°, and, like all true glutaconic 
acids, is very stable towards reducing agents, since it remains quite 
unattacked on prolonged treatment with sodium amalgam, even in 
boiling solution. It can, however, be reduced by heating with 
hydriodic acid under energetic conditions, but the remarkable point 
is that the glutaconic system is not reduced to a glutaric acid 
system by this means, since no trace of the saturated cyclopropane 
acid (XVIII) is found in the product, which consists entirely of a 
mixture of the normal and labile forms (XIX and XX) of p-methyl- 
glutaconic acid ; showing that, whilst in the presence of this power- 
ful reducing agent the throe-carbon ring undergoes fission, never- 
theless, the glutaconic system survives. 


“<8SS 

(XVIII.) 


CMe/n 


CH-CO-H 


\ch-co 2 h 

(XIX.) 


M n /CH 2 'C0 2 H 

Me Vc0 2 H 

(XX.) 


It has been noted on p. 328 that one of the most characteristic 
phenomena associated with mobile systems, such as the glutaconic 
acids, consists in their production by the easy elimination of groups 
from systems which thereby acquire the hydrogen atom necessary 
for tautomerism. The acid (XIV) oilers a remarkable instance of 
the occurrence of this rather unusual type of reaction, since the 
bro mo-substitution product (XXI), in which the bromine atom 
replaces the mobile hydrogen atom of the parent substance, is 
unstable in the presence of cold dilute alkalis, which reduce it 
quantitatively to the mobile acid (XIV 7 ) with the simultaneous 
production of alkaline hypobromite. From any point of view, 
other than that put forward in this paper, this reaction would be 
the more extraordinary by reason of the fact that the analogous 
saturated ring acids (XXII) and (XXIII) exhibit more than ordin&n 
stability towards hydrolysing agents ; for it has been shown (Ingold, 
T,, 1921, 119, 314 ; 1922, 121, 2693) that these substances are only 
partly decomposed even after several weeks' continuous boiling 
with dilute alkalis. For example, wc do not believe that anV 
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allocation of plus and. minus signs to the various atoms in the cyclo- 
propane complex can be made the basis of a convincing explanation 
of such an extreme difference in the reactivity of similarly situated 
bromine atoms; on the other hand, the difference is entirely in 
accord with the general principles which have arisen during the 
study of the glutaconic acids and other mobile systems. 


Me< CBK:air 

OCO,H 

(XXI.) 


CH <9 Br( !0 > H 

2 CH*CO.,K 

(XXII.) 


CHMe< 9 Br 0 ° 2 H 

CH-CO a H 

(XXIII.) 


Although the ty/dopropeno acid (XIV) can be isolated in one form 
only, its ethyl ester exists in three well-defined modifications. Xow 
it is evident that ordinary stereochemical theory cannot account for 
the existence of three forms of the unsat united ester (XXV), because 
the methyl group and one carboxyl group lie in the plane of the ring ; 
geometrical isomerism is therefore impossible, and the only reasonable 
alternative is to suppose that the difference between the esters is 
due to difference in the position of t lie mobile hydrogen atom, and 
that the esters are structural isomeridos like the ketonic and enolic 
forms of ethyl acetoacetato. Actually a close examination of the 
esters proves this to be the case. 

In the first place, it is to be noted that the general theory of 
glutaconic acid tautonierism indicates the existence; of three isomeric 
esters of each acid, which may be respectively termed the normal 
ester, the labile ester, and the enol-ester. The normal, labile, and 
enol-esters of the cyclic glutaconic acid under consideration have 
respectively the formula; : 


y-OCOoEt 

(.’Mean] | 

MXUKt 

(Normal) 

tXXIV.) 


e-co.Kt 

(Labile) 

(XXV.) 


(Mobile hydrogen » 


( , Me<9 :C ^ H ]) , ° Et 

'O(-0.,Ei 

(End) 

(XXVI.) 

i iited di;) 


111 flic ** normal formula (X X IV). as in all formula* of the normal 
glutaconic type, the mobile hydrogen atom is placed at the centre 
of the three-carbon (glutaconic) system, inonler to indicate that this 
three-carbon system represents tin* extent of what mav loosely lie 
described as the orbit of the hydrogen atom, thus the " normal 
formula is essentially a dynamic formula, whilst the “labile*' 
formula, which obviously corresponds more closely with static 
structural ideas, contains the hydrogen atom on the x-earbou atom 
of the system, and therefore at the point of junction of the three - 
farbon system and the keto-enol system formed* by the carbon 
atom and the adjacent carbethuxvl group. The hydrogen atom, 
VOI.CXXIII. * * % 
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which is uow only potentially mobile, has therefore two possible 
orbits : it may pass either into the thrcc-carbon system to give the 
normal modification, or into the carbonyl system and thus give the 
enol-cstcr. Thus the normal ester can be converted into the enol- 
ester, and vice versa, only by way of the labile ester, which forms a 
halting-place in the two-stage migration of hydrogen from one triad 

system to the other. , , . 

Now in ordinary glutaconie esters, the normal, labile, and enol- 
esters appear to be progressively unstable in the order named. 
Thus glutaconie ester can be isolated in the normal form only, 
although the labile form has somewhat more than a momentary 
existence, as can be proved by generating it in the presence of a 
substance with which it can condense (Ingold and Thorpe, T., 9-1, 
119, 492). In the case of £-methylglutaconic ester, both the normal 
and labile varieties can be isolated, although the labile form passes 
back into the normal on keeping for a few years at the ordinary 
temperature (Thorpe, T., 1919, 115, 682). 

In no case, however, has an cnol-ester been isolated ; for although 
the yellow sodio-derivatives of the glutaconie esters are undoubtedly 
derived from these enolic forms, the free enol-esters, when liberated, 
even by weak acids such as carbon dioxide, pass into the labile 
esters (or into the normal esters if the labile esters are unstable) 
before isolation can be effected (Bland and Thorpe, T., 1912, 101, 

871, 1571). - , 

In the case of the cydopropcne acid, however, the enol-estei can 
be isolated and preserved for several hours, or days, according to 
the temperature; the labile ester can be preserved for several 
months, and the normal ester apparently indefinitely. Moreover, 
the properties of the three esters are completely in accord with the 
constitutions assigned to them. 

In the first place, it is necessary to be sure that the isomerism 
is not physical. That it is not is shown, for example, by the fact 
that the esters differ from one another both physically and chemically 
in the liquid state and in solution ; that they can be separated from 
one another by physical or chemical means such as crystallisation, 
fractional distillation, or extraction with alkalis; that intercom 
version in the dissolved state in the presence of a catalyst leads, not 
to a pure individual, but to an equilibrium mixture, which, after 
destruction of the catalyst, can be separated by the methods name . 

The normal ethyl ester, m. p. 38-397 b. p. 133720 mm., o 
which formula (XXIV) is assigned, undoubtedly has a structure 
closely analogous to that of the free acid, because although a 
mixture of both this and the labile and enol-esters is produced on 
esterifying the acid with alcohol and sulphuric acid in the ordinal) 
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way, the ester, m. p. 38 — 39°, alone is formed when the silver salt 
of the acid is treated with ethyl iodide. Consequently this must 
be the normal ester, and its properties, for instance, its inability to 
yield a sodio -derivative without previous conversion into the labile 
form, its inability to give a coloured iron salt, and its stability 
towards additive reagents such as ethyl sodiocyanoacetate, are all 
completely analogous to the properties of all the normal esters of 
the glutaconic series. 

The labile ester, b. p. 155°/20 mm., to which formula (XXV) is 
given, is easily distinguished from the normal ester by the fact that 
it quietly gives the yellow sodium salt of the enol ester on treatment 
with cold, dilute, alcoholic sodium ethoxide. The normal ester is 
unaffected by this treatment, and only on digestion with hot con- 
centrated sodium ethoxide is converted into an equilibrated mixture, 
the composition of which is discussed in connexion with the general 
question of the interconversion of the three isomerides (p. 338). 
Again, in the course of time, cold concentrated aqueous alkalis 
convert the labile ester into alkali salts of the enol ester, but they 
have no action on the normal ester. On the other hand, the labile 
?ster is sharply distinguished from the enol-ester, because the former 
s quite incapable of dissolving in dilute, cold alkalis and gives no 
mmediate coloration with ferric chloride, although on keeping in 
intact with this reagent a colour slowly develops. The formation 
i iron salts from enol esters should be (and is) practically instau- 
:ancous (Knorr and Schubert, Ber. } 1911, 44. 2772; Wisliscenus, 
hnalen , 1896, 291, 178), and the slow development of colour 
in the present instance affords a measure of the velocity of 
cnolisation in the presence of a reagent for the enolic form. 

Finally, the enol-ester (XXVI) is easily distinguished from both 
its isomerides by the fact that it is immediately soluble in cold, 
dilute sodium hydroxide, giving a yellow solution of its sodium 
derivative, and also by the immediate and intense coloration which 
it gives with ferric chloride. Moreover it is coloured, whilst both 
its isomerides are colourless ( vide infra). 

The conversion of the enol-ester (XXVI) into the labile ester 
(XXV) takes place with moderate rapidity, both in the liquid state 
and in solution, and in the latter case is catalytically accelerated by 
hydrogen ions. Thus the pure liquid enol-ester is almost completely 
converted into the labile isomeride on keeping at the ordinary 
temperature for twenty-four hours, or on distillation under reduced 
pressure. Again, if the deep orange solution of the sodium com- 
pound, prepared either from the labile ester and dilute sodium 
ethoxide, or from the enol-ester and dilute aqueous-alcoholic 
sodium hydroxide, is acidified with a weak acid, such as acetic acid, 
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it turns to an orange-brown shade of medium intensity, which then 
slowly fades, the solution becoming practically colourless in the 
course ol half an hour ; the solution now contains the labile ester 
(XXV). That the instantaneous colour change corresponds to the 
liberation of the coloured enol-ester (XXVI) from its salt is shown 
by the fact that the solution gives an immediate intense colour with 
ferric chloride, and that as the orange-brown colour fades (cone, 
sponding with the reconversion of the enol-ester into the labile 
ester), so the intensity of the colour obtained with ferric chloride 
diminishes until, ultimately, the solution contains only the labile 
ester, which gives no immediate coloration. As in the case of many 
other keto-enol changes, the reaction is very sensitive to hydrogen- 
ion catalysis (Lapworth, T., 1004, 85, 30 : Knorr, Bar 1911, 44 i 
1150), and if, for example, a drop of hydrochloric acid is added to the 
orange-brown solution of the enol-ester immediately after its 
liberation from the salt, the discharge of colour, indicating con- 
version into the labile ester, occupies only one or two minutes. 

On general grounds, there can be no doubt that the retrograde 
change, that is, the conversion of the labile ester into the enol-ester, 
also takes place at the ordinary temperature and is catalysed by 
acids in the same way, and that the purest specimens of what we 
have hitherto termed the labile ester contain in reality a minute 
amount of the enol-ester in equilibrium with a large excess of the 
labile ester. However, the quantity of enol-ester must be very 
small, because it cannot definitely be detected by the ferric chloride 
test in specimens of the labile ester which have been kept long enough 
to ensure complete equilibration, although freshly prepared speci- 
mens show a weak, immediate reaction. Another point of interest 
is that the freshly distilled labile ester shows a weak, immediate 
reaction. It will be recalled that Knorr, Rothe, and Averbeck 
(J3er., 1911, 44, 1152) have recorded temporary increases in the end 
content of freshly distilled ethyl acetoaeetate. It has already been 
noted that the enol-ester itself cannot be distilled without reversion 
to the labile form, but if on general grounds we may assume that 
the enol-ester has the smaller vapour pressure, the temporary 
production of this substance by distillation of the labile ester falls 
well into line with the conversion of the normal ester into the Labile 
ester described below.* 

The interchanges between the normal and labile esters are con- 
siderably slower than those between the labile and enol esters. 
Thus the labile ester can be preserved at the ordinary temperature 

* No doubt the same principle governs the conversion ol normal glutacomc 
anhydrides into tho (presumably) less volatile hydroxy-anhydrides by 
distillation. 
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for days and even weeks, although an easily appreciable amount of 
conversion to the normal form takes place in the course of six months. 
Again, scarcely any interconversion takes place when either the 
normal or the labile ester is distilled in a water-pump vacuum, and, 
in fact, the two esters can be separated by fractional distillation, 
owing to the rather large difference in their boiling points. If, 
however, the normal ester is distilled at atmospheric pressure, the 
distillate consists of the pure labile ester. This result is easily 
interpreted, if it be recalled that the labile ester is considerably less 
volatile than the normal isomeride, and that at the higher tempera- 
ture of a distillation under atmospheric pressure, equilibration will 
probably be extremely rapid. It follows that whatever may be 
the initial disturbance in the equilibrium due to vaporisation, the 
vapour will rapidly become equilibrated, and, on condensation, will 
deposit the least volatile constituent, so that, owing to the restoration 
in the vapour of the equilibrium thus disturbed, the condensate will 
consist solely of the labile isomeride, which, if the conditions are 
suitable, will fall into the cooled receiver too quickly for any appre- 
ciable reconversion to occur. This method of interconversion of 
tautomeric individuals has previously been employed in several 
well-known instances (for example, Meyer and Hopff, Btr., 1921 
IM o79). Doubtless conversion into the enol-oster, which is 
probably even less volatile, also takes place in the present case, 
under the conditions used, but since the labile-enol interchange is 
many hundred times faster than the normal-labile interchange, and 
in addition, overwhelmingly favours the labile ester, the cooling of 
the condensate is never rapid enough to lead to more than a slight 
(and temporary) enolisation of the labile ester obtained bv dis- 
tillation. 

(hung to the slowness with which the normal-labile intercom 
version takes place at the ordinary temperature, our experiments 
on the reversibility of this reaction and on the nature of the equili- 
brium arc still incomplete: but such evidence as exists at present 
appears to point to an equilibrium which favours the normal ester 
o\eiwheImingly. Sodium ethoxidc, however, is a powerful catalvst, 
and leads rapidly to an equilibrium of the following type, in which 
the first two constituent equilibria represent the tautomerism of the 
glutaeonic and kcto-enol systems, respectively, and the third the 
reversible alcoholysis of the sod ip- compound of the enol - ester : 

formal ester L<tb>h rv/e>* > Knof-rdir Sadium compound 

(IIOEt) 

Ihe formation of this sodium compound leads, of course, to the 
e struetion of a considerable proportion of the normal ester which 
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would ordinarily be present in an equilibrium mixture of the normal, 
labile, and enol-esters. Actually, however, the equilibrium obtained 
by the use of one equivalent of sodium ethoxide still contains about 
40 per cent, of the unchanged normal ester, traces only of the labile 
and enol esters, and about 60 per cent, of the sodium compound. 
The same equilibrium is obtained, no matter whether the norma] 
or labile ester is employed originally, provided sufficient time is 
allowed (see table on p. 355). This reaction therefore forms 
another method by which the normal ester can be converted into 
the enol or the labile ester ; for the sodium compound obtained from 
the equilibrium mixture can be converted at will either into the 
enol-ester by decomposing it with a deficit of hydrochloric acid, or 
into the labile ester by using a sufficient excess of hydrochloric acid 
to catalyse the isomeric change of the enol-ester first produced. 

It may be added here, that in view of the catalytic activity of 
sodium ethoxide in promoting these tautomeric interchanges, the 
fact that the labile ester gives an almost immediate yellow colour 
with dilute alcoholic sodium ethoxide, whilst the coloured iron salt 
of the enol-ester is only slowly formed in the presence of ferric 
chloride, is quite easily understood. 

An indication of the equilibrium ratios between the three ester? 
in the absence of alkalis may be derived from the fact, that on 
esterification of the acid with alcohol and sulphuric acid the neutral 
product consists of 95 per cent, of the normal ester, 5 per cent, of 
the labile ester, and a qualitative trace of the enol-ester. That 
these figures substantially represent the true ratios for the system 

Xormal ester Labile ester Knot ester 

for the solvent ethyl alcohol and the temperature I00 J , is proved by 
the fact that any one of the pure esters, when heated in ethyl alcohol 
containing a mineral acid such as sulphuric acid, is converted 
ultimately into a mixture of all three esters in the proportion? 
named. 

All three esters are converted into the same acid on hydrolysis 
with mineral acids, dilute alkalis, concentrated alkalis, and alkaline 
solutions containing casein. 

Corresponding with the three ethyl esters there are three methyl 
esters (normal, labile, and enol), which are prepared and converted 
one into the other exactly like the ethyl esters. The extreme 
similarity of corresponding methyl and ethyl esters, which relates 
not only to preparation, intereon version, and stability, but also to 
such details as fusibility, volatility, and velocity of interchange, will 
immediately be* realised on referring to the descriptions given i» 
the experimental portion of this paper, and it serves to confirm the 
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conclusions at which we have arrived in elucidating this somewhat 
complex doubly- tautomeric system. 

It is a remarkable fact that the ryefopropene ester appears to be 
quite incapable of being alkylated . The sodium compound (XXVII) 
of the enol-ester is stable in the presence of ethyl alcohol and even 
water, as shown by the fact that the free enol-ester is immediately 
soluble in dilute sodium hydroxide; nevertheless, all attempts to 
replace the sodium by a non-ionisable group, such as an alkyl group, 
have proved unsuccessful. The probable reason for this is that 
a methyl derivative such as the ester (XXVIII) would contain 
no mobile hydrogen atom, and therefore would be incapable of 
assuming the glutaconic structure upon which, as it has already 
been shown, the stability of these cycToproperie compounds 
depends. 


(XXVII.) 


OCO*Et 


(XXVIII.) 

v 'C*C0 2 Et 


The methyl compound (XXVIII), like the bromo-compouncl (XXI), 
is therefore incapable of existence, at any rate in the presence of 
the reagents which might be expected to lead to its formation. 
In this respect, the cycfcpropene ester is analogous to ay-dimethyl - 
glutaconic ester (XXIX) and a£y-trimethylglutaconic ester (XXX), 
neither of which can be further alkylated (Thorpe and Wood, T.. 
1913, 103, 1756), since neither ester contains an a- or y-hydrogen 
atom which could become mobile, if the existing mobile hydrogen 
atom were replaced by an alkyl group. 


C0,Et-CMe[H]-CH:CMcC:O 2 Et ( , O t Et-( , Me[lIJ*CMc:CMe'C0 3 Et 

(XXIX.) ‘ (XXX.) 


This behaviour appears to be peculiar to glutaconic esters which 
contain but one potentially mobile hydrogen atom, and its occur- 
rence in the case under consideration affords further evidence that 
this case falls strictly within the glutaconic conception. 

It was stated on p. 331 that there is only one isolablc form of the 
(v/dopropene acid (m. p. 2U0‘). that this has the “ normal " structure 
(XIV), and that it adds on bromine by way of the labile form (XV), 
giving a dibromo-acid having formula (XY11). It is necessary now 
to examine more closely the evidence for these assertions because, 
owing to his incomplete appreciation of the glutaconic acid problem, 
Eeist ( loc . cit.) has been led to an erroneous conception of these 
substances. Thus he states that there are not one. but two isomeric 
cj/cfopropenc acids (m. p. ? s 2<KV and 189 ). that the acid, m. p. 200', 
hostile symmetrical formula (\ 111), and that this therefore gives a 
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dibromide of formula (XXXI) which on reduction gives the isomeric 
eyefopropene acid, m. p. 189°, formula (XV) : 


^C-CO,H 

CHMe< H.co!H 

(VIII.) 


— y 
(Br.) 


x-CBrCOoH 

CHMe< 6BrCOlH 

(XXXT.) 


CMe< ( T H ‘ C0 ^ 11 

(tt) X’-co 2 h 

(XV.) 


We have carefully repeated the preparation of Feist’s acids, 
m p 's 200° and 189°, and can definitely state that they are one and 
the same, that is, that the acid, m. p. 189°, is an impure form 
of the acid, m. p. 200’, which is the true melting point of the pure 

compound, . , 

Feist mentions the following points of difference in the acids, 
m p s 189° and 200° : (a) the solubilities of the two acids both in 
ether and chloroform arc very different, ( b ) the crystalline forms of 
the calcium salts of the two acids are totally different, («) one acid 
sublimes without decomposition, whilst the other docs not, (d) the 
two acids differ by 11° in their melting points, which are not changed 
by recrystallisation. 

As regards the first point, (a), a comparative examination of the 
solubilities of the two acids in different solvents has not revealed 
any essential difference between them. With regard to (6), Feist a 
own experiments show that in all respects, other than crystalline 
form, the two calcium salts are identical; thus both salts contain 
three molecules of water of crystallisation, two of which are lost 
at 120° and the third at about 200°. Since an examination of both 
calcium salts has shown that the crystals, which appear to conform 
to the trigonal svstem, are absolutely identical, the difference 
observed by Feist ‘was probably due to a difference in size, or some 
other accidental circumstance. Regarding (c), the statement that 
the acid of higher m. p. sublimes, whilst the other does not, is readily 
explained bv the fact that the latter is an impure form of the 
former, as it has been found that quite a small amount of impurity 
causes the acid to decompose* rather than sublime. Finally with 
respect to the melting point, (rf), it is clear that the reason why 
Feist was unable to remove the impurity from the lower- melting 
acid was because he employed water as solvent, from which it 
crystallises without loss of impurity. Crystallisation from xylene 
at once raises the in. p. to 200\ and the product then sublnn^ 
readily and does not depress the m. p. <>f the original ari< (- 


* A substance having formula (XXXI) has 1. 
been found to yield the saturated fyrfopropunr 
cyefopropeno arid, on reduc tion. The details of 
be published iu another connexion. 


H‘<-n synthesised, and it las 
. arid (XV J 1 T), aiul not- the 
this experiment will shortly 
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Ifc need scarcely be added that all mixtures of the specimens having 
m. p.’s 189° and 200° melt between these limits, and that both the 
pure and impure acids give the same ethyl ester, m. p. 38 — 39°, on 
esterification, and the same dibromide, m. p. 244°, on addition of 
bromine. It is plain, therefore, that Feist obtained only one cyclo- 
propene acid, namely, the stable semi-aromatic substance of m. p. 
200 °. 

It is, moreover, an easy matter to prove that this acid can- 
not have the structure assigned to it by Feist, because, as it can 
immediately be shown by simple qualitative tests, none of the 
derivatives which were prepared by Feist has properties corre- 
sponding with the formula assigned to it. Thus, by the action of 
bromine water, Feist obtained a bromo-acid, m. p. 138 — 139 
which on heating lost water, giving a broom-lactone, m. p. 171° 
(Feist gives 168 c ); this on reduction gave a bromine-free lactone, 
in. p. 144° (Feist gives 141), which on treatment with hydroxyl- 
amine passed back into the original n/e/opropene acid, m. p. 200 '. 
These reactions were interpreted as follows : 


(N'lLUlt) 


CHAIe<h* 


C*(J0 o H < B '*> 


CHMe< 


CO-CO, H 


'C-CO,H OW CHBrCO.H <>*»*> 

(VIII, in. p. 200°) (XXXII, m. p. 138—139*') 


CMe< C ( C0 2 H )‘>0 

CHBr*CO 

(XXXIII, m. p. ITI C ) 


'I 


CMc< C(C0 2 H) >0 - 

oh 2 -co 

(XXXIV, m. p. 144°) 


Now neither the bromo-laelone, m. p. 171, nor the bromine -free 
lactone, m. p. 141', both of which are formulated as unsaturated 
substances (XXXI 11 and XXX IV), decolorise cold alkaline perman- 
ganate, and indeed, they behave in every way as saturated sub- 
stances. Again, the bromo-acid, m. p, 138 — 139 , which is repre- 
sented as a keto-glutarie acid (XXXJI), does not react with the 
usual reagents for ketones or x-ketonie acids (for example, semi- 
carbazide and o-phenylenedmmine). Moreover, it gives no color- 
ation with ferric chloride, as x-ketoglutaric acid does (Ingold, 
T., 1921, 119, 328). Finally the conversion of a lactone of formula 
(XXXIV) into the cyc/opropenc acid (VIII) by the action of 
hvdroxylamine seems too fantastic to he credible. 

Further, it is shown in the present paper that the dibromo-acid, 
iu. p. 244°, to which Feist assigns formula (XXXI). on mere heating 
in the dry state, in the absence of any reagent, gives the bromo- 
laetone, m. p. 17F, which would be impossible if this lactone had 
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Feist’s formula (XXXIII). Even more difficult of interpretation 
would be the reconversion, also described in this paper, of the same 
lactone into the original dibromo-acid by the action of phosphorus 
pentachloride and bromine. 

Thus there can be no doubt that the dibromo-additive product, 
in. p. 244°, has the unsymmetrical formula (XVII) and is formed by 
the addition of bromine to the labile form of the acid (XV). A 
second additive reaction of the labile modification is that which 
results in the formation of the bromo-hydroxy-acid (XXXV), 
m. p. 139°, by the addition of hypobromous acid. This formula 
(XXXV) is completely in agreement with the composition and 
properties of the substance, and therefore must replace the ketu- 
glutaric formula (XXXII) assigned to it by Feist. 

An examination of formula (XXXV) shows that the substance 
represented is both a !i- and a y-liydroxy-acid and might con- 
sequently lose water in either of two ways, giving an a -unsaturated 
acid in one case and a -lactone in the other. If both types of 
dehydration occur, it is to be expected that dehydration resulting 
in the unsaturated acid would take place when lactone formation is 
prevented by the presence of alkalis. The a 3 -unsaturated acid to 
be expected is the bromo-unsaturated acid (XXI), which for reasons 
given on p. 332 would undergo spontaneous reduct ion to the original 
cyc/opropene acid (m. p. 200'). The cycZopropene acid should 
therefore be the isolable product of the action of dilute alkalis, and 
this is actually the case, the change being complete after a few 
hours at the ordinary temperature or after a few minutes on boiling, 
The y-lactone to be expected (it is also a 3-lactone) has formula 
(XXXVI), which accounts for the fact that the lactone actually 
obtained, m. p. 171', is saturated, and not unsaturated, as Feist 
represented it (formula XXXI 11). The formation of the same 
bromo-lactone from the dibroiuo-acid (XVII) by the thermal 
elimination of hydrogen bromide, and its reconversion into the 
dibromo-acid by treatment with phosphorus pentachloride, bromine, 
and iron, are also reactions which are very simply accounted for by 
means of the formula* now assigned to these substances. 


CMc(°H)<V^ 


(XXXV.) 


y- — i 

CMe<V^-CO 

ch-co,h 

(XXXVI.) ‘ 


CMe<V Br ‘ C ^ H 

I XH-CO 


(XXXVII.) 


It will be noted that a second formula (XXXVII) expresses the 
formation and properties of the lactone, m. p. 171°, almost as well 
as the formula . (XXXVI). Several circumstances, however, 
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indicate formula (XXXVI) as the more likely to be correct. For 
instance, it is well known that the trans -addition of bromine to 
unsaturated acids takes place as a rule much more easily than 
ci's-addition. Assuming, therefore, that the bromine atoms in the 
dibromo-acid (XVII) are in the fraws-position with respect to one 
another, and assuming also, on the grounds of the small tendency 
towards anhydride formation shown by the acid, that the carboxyl 
groups are also in the frans-position to one another, it follows 
that the lactone (XXXVI) is the only one which can be formed 
without change of configuration . This point will be; rendered 
clearer by reference to the space formulae (XL) and (XLI) given 
below. 

A number of other circumstances unite in indicating the correct- 
ness of the configurations assigned to these compounds. Thus the 
dibromo-ester (XXXVIII), which is readily prepared either by 
addition of bromine to the eyefopropene ester, or by esterification 
of the dibromo-acid, and which can be hydrolysed to the dibromo- 
acid, is smoothly converted by “ molecular ” potassium to the 
labile cyclopropane ester (XXV). This reaction certainly points to 
the bromine atoms being on opposite sides of the plane of the ring, 
since reactions of this type are usually very difficult to etfect. 
Moreover, the space formula shows that although fraas-elimination 
of bromine can take place, hydrogen bromide can be eliminated only 
from the cw-position; consequently it is not surprising to find that 
the dibromo-acid is stable towards cold dilute alkalis, and that the 
dibromo-ester is stable towards diethylanilinc (Jones, T., 1903, 87, 
1064), although the bromo- hydroxy- acid (XX XV) loses the elements 
of water in contact with dilute alkalis, giving the bromo-unsaturated 
acid (XXI), which becomes spontaneously reduced to the original 
f'/dcpropenc acid, in. p. 200 . This reaction corresponds with the 
^-elimination of water (formula XL1I). On the other hand, if 
the dibromo-acid is treated with sodium amalgam, the a-bromine 
atom becomes replaced by hydrogen, giving the monobromo-aeid 
(XXXIX), which is now spontaneously converted by cold alkali 
into the eyefopropene acid, since //WHS-elimination of hydrogen 
bromide can now take place (formula XL11I). 

(XXXVIII.) CMcl5i<V K, " C0 * Et C\Uei5r<V H ( '°* H (XXXIX.) 
CH-COjKt CH-COJi 

thus the relative stabilities of the dibromo-acid and its more 
immediate derivatives are fully accounted for by the three- 
dimensional models of the formulae which have, been assigned to 
them. 
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(XL.) 


co 2 h 

Br/\ H 

! / Br\l 


(XLII.) 


Me C0 2 H 

co 2 h 

OH /\ H 

/ Br\; 


Me C0 2 H 


/CO 

/ | 

0 /|\ H 

; / Br \ ; 

Me C0 2 H 


(XLI.) 


C0 2 H 
Br / \ H 

CJL1. 


(XLIII.) 


Me C0 2 H 


Only one formula is possible for the reduced lactone, m. p. 144 
(to which Feist assigned formula XXXI V), namely formula (XLIY), 
which also expresses its fully saturated character. As in the case 
of the bromo-lactone, the free hydroxy-acid (XLV) corresponding 
with the reduced lactone is both a ^-hydroxy-aekl and a y-hydroxv- 
acid, and therefore might be expected to undergo dehydration in 
alkaline solution to give an 3$ -unsaturated acid, and in the absence; 
of alkalis to give a y-lactone, namely, the reduced lactone (XL1Y). 
Actually, both these reactions occur. The free hydroxy-acid cannot 
be isolated, but its existence in solution is proved by the fact that 
on titrating a solution of the lactonic acid (XLIV) with ammonia, 
one equivalent is taken up in the cold and a second on warming. 
If, however, the attempt is made to isolate the acid by extraction 
with ether after acidification, it undergoes dehydration after the 
manner of a y-hydroxy-acid, and only the lactone (XLIV) is 
obtained. On the other hand, if the solution is left for some hours 
in contact with a sufficient excess of alkali to prevent lactone 
formation, dehydration of the other type takes place and the original 
eyefopropene acid is obtained : 


6mc<CH*CO 


’CH-COjH 

(XLIV.) 


(alkali') 

(aciJ) 


CMe(OH)<? H * C0 2 H (alka U > 


CH-CO a H 

(XLV.) 


(X1V.1 


This is the explanation of Feist's supposed conversion of the 
lactone (XXXIV) into the original cyc/opropene acid by means of 
hydro xyla mine. \Ye have confirmed Feist’s observation that the 
lactone, m. p. 144°, yields the cyr/o propone acid, m. p. 200°, when 
left in contact with hydroxylamine hydrochloride and excess of 
sodium carbonates but the real reagent is the excess of alkali, and 
Feist overlooked the fact that the reaction takes place just as well 
if the hydroxylamine hydrochloride is omitted. 
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These somewhat complex relationships are summarised for 
convenience in tabular form : 


Table I 


„ .pwxyi 


•C0 o H 




f 


(Labile form of 
acid, m. p. 200* 


(alkali) 



CMe{OH)<Vf’ w 2 


-CH’COoH 

‘c: 


ch*co 2 h 


CMe<V* C0 2 Et 

CH>C0 2 Et 

(Labile ester, 
b. p. l55°/20 mm.) 

it 


<Br t ) 


(K) 

(alkali) 


/ CM< B.<9 H * C ° 2 H 
; CH*CO,H 


(Vat ) 1 : (L’< 


( , MeBr< ( r BrC0 2 Et 

CH-C0 2 Et 

(B. p. 1 TO*. 3 mm.) 

: Br s ) 


(acid) 


n, ,,„,^CIVC0 2 H V " 

3Ii,OH)< ch-co 2 h olt < * l ' () 1^=5 ttfoO 

2 (ac.,1) CH-C0,H CH-C'OjH 


-CH-CO 


(M.p. 139”) 


(M. p. 171 = ) 


(M. p. 144°) 


Thus the inter-relationships of all these substances can be inter- 
preted along well -recognised lines if formula (XVII) be assigned to 
the dibromo-acid, m. p. 244 s . It follows that the addition of 
bromine, and also of hypobromoux acid, to the cyctopropene acid 
takes place through the labile modification (XV). In this respect 
abo, therefore, the acid resembles glutaeonie acid, which yields 
x-J-dibromoglutaric acid on treatment with bromine (Verkade and 
Coops, ifre. trnv. chim. t 1920, 39, 580). 

Another additive reaction of the labile form is that which leads 
to the formation of the acid (XLV1) and the esters (XLVII) and 
(XLVI II ), when the ethyl and methyl n/r/opropene esters are 
treated with concentrated ethyl alcoholic sodium ethoxide and 
methyl alcoholic sodium methoxide, respectively. 
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,XL»,0 OMOBXgJg '™ 

CJIe(OMe)<V^'^J e (XLVIIL) 

The position of the alkyloxy-group in these compounds is proved 
by the fact that they yield (3-methylglutaconic acid oil reduction bj 
hydriodic acid, the reaction taking place by way of the cycfopropent 
acid. 

Further evidence of the existence of the labile acid is obtained or 
oxidation in alkaline solution by permanganate, when seven atom; 
of oxygen are taken up and malonic acid is produced : 


(XV.) -v('Me(()H)<? ( ^ C ^ H 


t^OCOaH > 


COoH C0 2 H 

co 2 h*oh*co 2 h ch 2 *co £ h 

It may be noted in passing that an acid of the formula (VIII), 
assigned by Feist to the cyc/opropene acid, m. p. 200°, should on 
oxidation yield, not malonic acid, but methylmalonic acid, which 
actually, is not produced : 


(VUL) 






It is plain, therefore, that in this cyclopropane acid, as well as in 
all mobile glutaconic acids, wc meet with certain of the properties 
of the labile modification, in addition to the semi-aromatic character 
manifested by the remarkable stability discussed in the earlier page* 
of this paper. On the whole, the acid may be said to be a typical 
mobile glutaconic acid, but in how far cyclic three-carbon tautomeric 
systems will in general be found to conform to the conception of the 
semi-aromatic state cannot be decided in the absence of additional 
experimental evidence such as we hope shortly to provide. 


Addendum* 

When this paper was read before the Society, the criticism was 
raised that no definite proof had been furnished showing that one 
of the two forms of the ester (XXIV) which gave no colour with 
ferric chloride had not a structure represented by the extra-cyclic 
double-bonded formula (XLIX) which, it will be noted, is the only 
other possible frtrm unless the hypothesis brought forward in this 

* [R&aivedt January 12t/i, 1923.] 
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paper is accepted. The criticism seemed to ns so apposite that we 
decided to meet it before publication by investigating the action of 
ozone on the normal and labile esters (XXIV and XXV), which 
should, if the structures assigned to them are correct, react in the 
form (XXV). 

The products to be expected from the fission by water of the 
ozonide of an ester of formula (XLIX) are the cycfopropanone ester 
(L) or its degradation products together with formaldehyde and 
possibly formic acid : 


f H • C <? H -° 0 2 Et 
f X:H-C0 2 Et 

(XLIX.) 


-V ‘fn-co.Bt 
* CH-C0 2 Et 


•> 


H-CHO -i- + CO <Jh'co!eI 

(L.) 


If, however, either or both of the esters have the formulae assigned 
to them by us, they would yield on similar treatment only one 
fission product, namely, the ketonic ester (LI) : 


yOC 0 2 Et 
CMe(n I 

^OCOJEt 


CMe< 


X 1 -C0 2 Et . 
XH'C0 9 Et 


0-0-0 

^CH-CO.Et 


n 8 o 


COC0 2 Et 
■ C0Me-CH-C0 2 Et 

(LI.) 


Actually no formaldehyde could be detected on hydrolysing the 
ozonides of either the normal or labile ester, whilst the sole product 
was ethyl acetyloxaloaeetate (LI) (Xef, Annakn, 1S93, 276, 221). 
which was identified by its boiling point and by analysis and 
by converting it into the crystalline [s- ethyl dikctosuccinatc phenyl- 
hydrazone (LII) through the agency of benzenediazonium chloride 
(Rabisehong, Bull. ISoc. chhu., 19^4, [iii], 31 , 93), a specimen of 
the phenylhydrazono being synthesized foT direct comparison : 


* COCO,Kt . C0-C0 2 Et (LU j 

COMp-CH-CUKi riiXH-XX-COjEt 


K X P ]■; K 1 M K X T A L. 

(.4) — S-Methyl-br-cycfopropene } : 2 -dkarboxijlk Acid. 

The C!/c?opropene acid required for this investigation was prepared 
by a method essentially the same as that described in the literature, 
namely, the following series of reactions : ethyl acetoacetate *■ 
ethyl isodehydracctate — v ethyl bromo/sodchydracetate v 
inethylryWopropenediearboxylie acid (Duisberg, 1882, 



m 


GOSS, INGOI/D, AND THORPE *. 


213, 133; Ber ., 1882, 15, 1387; Hantzsch, Annalen, IS83, 222, 1: 
Polonowska, Ber., 1886, 19, 2402; Anschutz, Bendix, and Kerp 
Annalen , 1890, 259, 148; Gcnvresso, Ann. Chim . Pftys 1891, [vi], 
24, 88; Hantzsch, Ber., 1892, 25, 1310; Feist, Ber., 1893, 26, 
767 ; Annalen , 1906, 345, 60), However, in view of the fact that 
a large amount of this acid was required, the details of each stage 
in the above series of reactions were carefully studied, and the 
process so considerably improved that the preparation of large 
quantities is now an easy matter, 1 kilo, being obtainable from only 
6 kilos, of ethyl acetoacetate. 

Ethyl iso Dehydracetate. — Ethyl acetoacetate {1500 grams) was 
cooled in an efficient freezing mixture and treated for eight hours 
with a rapid stream of dry hydrogen chloride. The liquid was kept 
in the dark and protected from moisture for a week, and then again 
cooled and saturated with hydrogen chloride as before. At the end 
of a further week, the liquid was shaken with 3 litres of water and 
then with 750 c.c. of a A -solution of sodium carbonate. The 
aqueous washings were evaporated to small bulk and the residue 
dried in an evacuated desiccator over potassium hydroxide ; the 
sodium carbonate washings were acidified with hydrochloric acid 
and extracted with ether. This extract, together with the residue 
from the aqueous washings and 500 c.c. of ether, was added to the 
main bulk of the oil, which was then dried with anhydrous sodium 
sulphate, and after removing the ether, distilled under reduced 
pressure, the fraction, b. p. 160 — 190° /20 mm., being collected for 
bromination (see below). The yield was 700 grams, that is, 63 per 
cent, of the theoretical. 

Ethyl Bromoisodehydmcetate.—E,th\\ nsodehydraeetate (500 
grams), dissolved in one litre of chloroform, was cooled in ice, 
and 150 c.c. of dry bromine were added from a dropping funnel, the 
flask being shaken occasionally. After leaving over-night, the 
hydrobromic acid was removed on the steam-bath, and the cooled 
solution diluted with 1 litre of ether, and washed with water and 
sodium carbonate solution. After drying with calcium chloride, 
the solvents were distilled off, and the residue, which solidified to a 
hard cake, crystallised from a small amount of 95 per cent, alcohol, 
and thus obtained as large, pale yellow, monoclinie crystals, m. p. 
87°. The yield was GOO grams, that is, 83 per cent, of the 
theoretical. 

3-3Iethyl-& 2 -cyc\oprojme-l : 2-dirarbo.njtic Acid (XIV).— A 28 
per cent, solution of potassium hydroxide (275 c.c.) was boiled in a 
1500 c.c. flask and 50 grams of fused ethyl bro mooisodehydracetate 
were rapidly add6d, the flask being inclined at an angle of 4U 5 to 
prevent loss during the violent evolution of alcohol which occurred 
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about one minute after the addition. Boiling was continued for 
thirty minutes. When cool, the solution was cautiously neutralised 
with a mixture of 45 c.c. of sulphuric acid and 45 c.c. of w r ater, and 
the acid solution, together with precipitated potassium sulphate, 
repeatedly extracted with ether, the aqueous solution being finally 
evaporated almost to dryness and again extracted. The dried 
ethereal extracts on evaporation left a semi -solid residue, which 
was freed from alcohol and acetic acid in an evacuated desiccator 
containing potassium hydroxide. The darkly coloured solid was 
dissolved in water and the solution boiled with 1 gram of freshly 
ignited animal charcoal for five hours, after which the liquid w T as 
filtered while hot, and evaporated to dryness. The crude acid, after 
being dried on porous plates, was either recrvstallised from ethyl 
acetate, or if required for the preparation of its esters, directly 
esterified. The yield was 1 5 - 5 grams, that is, 60 per cent, of the 
theoretical. 

The acid may be obtained in a pure condition by crystallisation 
from xylene, from which it separates in small needles ; or it may 
be sublimed, and thus obtained in long needles. The melting point 
is 200° in all cases, and there is evolution of gas at 220°. Specimens 
of the acid from which the last traces of certain impurities have not 
been removed decompose at the melting point. 

The individuality of this acid has been discussed onp. 339 etseq. y 
and nothing further need be added here. Its formation by hydrolysis 
of its normal, labile, and end esters, by reduction of its dibromo- 
additive product, by the action of alkalis on its hypobromous acid 
additive product, and by the action of alkalis on the lactone of 
ll-hydroxy-3-methylryr/opropane-l : 2-diearboxylic acid is described 
oil pp. 352 — 359. Contrary to the statement of Feist, the acid 
appears to have no tendency to yield an anhydride when boiled with 
acetyl chloride or acetic anhydride. Indeed it would not be ex- 
pected that an acid which sublimes without decomposition would 
form an anhydride easily. There is, however, evidence of the 
formation of a hydro xy-anhyd ride when the acid is heated at 220 ; 
in closed tubes with acetic anhydride. 

The acid (15 grams) was treated with 150 c.c. of acetic anhydride 
at 220° for live hours. On removing the excess of acetic anhydride 
by distillation, and extracting the residue with benzene, a liquid was 
obtained which boiled at lS^-190 20 mm., and had all the properties 
of the expected hydroxy-anhydride. Thus it gave an alkali salt, 
and a coloured iron salt, and yielded the original acid on rehydration. 
Ibe specimen was insufficient for redistillation and could not be 
completely purified, but we hope in the near future to effect an 
improvement on this wasteful method of preparation, and then to 
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study the process of rehydration (especially in the presence of casein) 
in greater detail. 

(B) — The Normal , Labile, and Enol Esters of 3-il/eJAyJ-A^-cyclo- 
propen e- 1 : 2-dicarboxylic Acid . 

The Three Ethyl Esters : Formation by Direct Esterification.— 
When the acid, m. p. 200°, was esterified with ethyl alcohol and 
sulphuric acid, the product consisted of a mixture of the three 
isomeric forms of the diethyl ester. Most of the normal ester, 
which was present to the extent of 95 per cent, of the whole, 
crystallised at the ordinary temperature, and the remainder was 
deposited practically completely when the liquid residue was cooled 
to —40°. It was collected on a well-cooled filter, and drained on 
porous porcelain until it no longer imparted a yellow colour to 40 
per cent, aqueous potassium hydroxide at 40° (proof of the absence 
of the labile and enol-esters), and had the correct melting point 
(38—39°). 

The filtrate from the normal ester was dissolved in ether and 
extracted at the ordinary temperature with 10 per cent, potassium 
hydroxide to remove the enol-ester. On drying and evaporating 
the ether, a residue was obtained which consisted of the pure labile 
modification, since it boiled constantly at 155°/20 mm. (see below), 
and gave an immediate colour with 40 per cent, potassium hydroxide 
at 40°, but gave no immediate colour with cold 10 per cent, potassium 
hydroxide or with ferric chloride. The amount obtained was 4—5 
per cent, of the total esters. 

The alkaline extract was cautiously neutralised, and the precipi- 
tated ester extracted with ether. The residue which was left on 
drying and evaporating the ether consisted of a small qualitative 
trace of the enol-ester. It gave an immediate, intense red colour 
with ferric chloride, and was immediately, and completely soluble 
in cold 10 per cent, potassium hydroxide. 

Normal Ethyl 2-3Iethyl-tf-ryc\opropcnc-l : 2-dkarboxylatc (XXH ). 
— This ester may be prepared in several ways : 

(1) By direct esterification of the acid with ethyl alcohol, which 
gives the normal ester to the extent of about 95 per cent. (Joiu , 

T., 1905, 87, 1064). < 

(2) By digesting the silver salt of the acid with ethyl iodide, 

which gives the normal ethyl ester only. 

(3) By heating either the labile or enol ester in ethyl alcoholic 
solution containing sulphuric acid. 

(4) By keeping either the labile or enol ester at the ordin&T} 
temperatures fori one to two years, when the normal ester onl) >- 
obtained. 
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(5) By treating either the labile or enol ester with sodium ethoxide 
f 0 r two days at 60° ; conversion into the normal ester then takes 
place to the extent of 40 per cent. 

Method (1) is described on p. 350, method (4) on p. 354, and 
method (5) on p. 354; the details of methods (2) and (3) are as 
follows. The silver salt, prepared from a neutral solution of the 
ammonium salt, was washed and dried (it is not affected by daylight), 
and then shaken with an ethereal solution of the theoretical quantity 
of ethyl iodide. On filtering and evaporating the solution, the 
pure normal ester was obtained in large, rhombic crystals, which 
melted at 38 — 39°, giving a colourless liquid which boiled con- 
stantly at 135°/20 mm., without decomposition or conversion into 
its isomerides. 

The normal ester crystallises very slowiy from specimens of the 
labile ester which have been seeded with the normal ester at 0° 
and then preserved at the ordinary temperature in the absence of 
solvents. It is estimated that about two years w’ould be required 
for the completion of the interchange, although a specimen has 
not yet been preserved long enough to verify this. Since the enol- 
ester passes into the labile ester in the course of one day at the 
ordinary temperature, similar results are obtained when the labile 
ester is replaced by the enol-ester in the above experiment. 

The normal ester may be separated from mixtures with its labile 
isomeride in three ways : 

(1) By freezing out at —40°. This is described on p. 350. 

(2) By fractional distillation under reduced pressure. The 
labile ester boils at a temperature 20° higher than the boiling point 
of the normal ester at 20 mm., and therefore the tw o can be separated 
almost quantitatively by distillation, if reasonably large quantities 
are employed. 

(3) By means of dilute sodium ethoxide. Cold dilute sodium 
ethoxide does not convert the normal ester into its isomerides at 
any appreciable speed, but it at once reacts with the labile ester, 
yielding the sodium compound of the enol-ester. If the product is 
now poured into water and extracted with ether, the normal ester 
is recovered in the pure condition, whilst the labile ester can be 
obtained by adding to the aqueous solution an excess of mineral 
acid, which quickly converts the liberated enol-ester back into the 
labile form, This separation is quantitative. 

The normal ester is separated quantitatively from mixtures with 
the enol-ester by shaking with 10 per cent, aqueous potassium 
hydroxide, which dissolves the latter. 

The normal ester is converted into the labile ester by distillation 
wider atmospheric pressure (p, 352). It is converted to the extent 



352 


GOSS, rHGOLn, AND THOKPF. : 


of about 60 per cent, by concentrated alcoholic sodium ethoxide at 
60° into the sodium salt of the enol-ester, from which either the 
free enol-ester or the labile ester can be obtained at will (p. 354). 
Finally, the normal ester is converted, to the extent of 5 per cent., 
into the labile ester by heating with alcohol and sulphuric acid 
(p. 354). 

The ester yields the parent ci/etopropene acid on hydrolysis either 
with hydrochloric acid or with dilute or concentrated potassium 
hydroxide. It takes up bromine fairly readily, and discharges the 
colour from an alkaline solution of permanganate. 

Labile Ethyl 3- M ethyl- b? -cyclop-open e-l : 2-dicarboxylatc (XXV). 
— This modification may be obtained in four ways : 

(1) By esterification of the acid, which yields the labile ester to 
the extent of o per cent. (p. 350). 

(2) From the normal ester by heating with alcohol and sulphuric 
acid (p. 354). 

(3) From the normal ester by distillation under atmospheric 
pressure. 

(4) From the enol-ester by keeping, by acid catalysis at the 
ordinary temperature, or by heating. 

The distillation of the normal ester at 236° /758 mm. constitutes 
the best method of obtaining the labile ester in quantity, although 
the yield is reduced by about 40 per cent., by reason of the fact 
that a certain amount of the material is simultaneously converted 
into a non-volatile polymeride, which has not yet been investigated. 
The distillate, when freshly collected, contains a more or less con- 
siderable quantity of the enol-cster, as may be shown by the fact 
that it gives an immediate colour with ferric chloride, and also by 
the fact that a portion of it is soluble in cold 10 per cent, aqueous 
potassium hydroxide. The pure labile ester may be obtained either 
by extracting the enol-ester with dilute alkali, or by merely keeping 
the distillate for twenty-four hours, by which time the enol-cstcT 
has reverted practically completely to the labile ester. 

The enol-ester (p. 353) passes into the labile ester in the course of 
one day at the ordinary temperature in the absence of deliberately 
added catalysts, in about half an hour at the ordinary temperature 
in the presence of acetic acid, and in about two minutes in the 
presence of hydrochloric acid. At higher temperatures, these 
changes are correspondingly more rapid. On distillation at 
155°/20 mm., the enol-cster yields a mixture of the labile ester and 
some unchanged enol-ester, the quantity depending on the conditions 
of the condensation . 

The separation of the labile ester from mixtures with the norma] 
ester has been described on p. 351. It is separated from the end- 
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ester by extracting the latter with dilute alkalis, the process being 
quantitative, if cold 10 per cent, potassium hydroxide is employed. 

The labile ester may be converted into the normal ester by keeping 
at the ordinary temperature for one to two years (p. 351), to the 
extent of 40 per cent., by heating with concentrated alcoholic 
sodium ethoxide (p. 354), arid to the extent of 95 per cent, by 
heating with ethyl alcohol and sulphuric acid. It may be quantit- 
atively converted into the enol-esterby way of the sodio-derivative, 
which is produced in the presence of cold dilute alcoholic sodium 
ethoxide, and partly converted into the enol-ester by distillation 
under 20 mm. pressure. The quantity of end -ester formed in this 
way depends on the rapidity of condensation, and on the com- 
pleteness with which catalysts arc eliminated, and experiments are 
now in progress by means of which it is hoped so far to improve the 
technique of the operation as to obtain complete conversions by 
■■ aseptic ” distillation. 

The labile ester becomes very viscous at —40', but shows no 
tendency to crystallise; it boils, under *' non-aseptic ” conditions, 
constantly at 15.r\'20 mm. It immediately decolorises cold alkaline 
permanganate, and Tapidly absorbs bromine. On hydrolysis with 
hydrochloric acid, dilute or concentrated potassium hydroxide, or 
potassium hydroxide in the presence of casein, it gives the normal 
acid, m. p. 200° (Found : C — 60*5; H — 7-1. C l0 H 14 O 4 requires 
0 - G0*6; H — 7*1 per cent.). 

Enolic Ethyl 3-J/c/%^A 2 -cyelo/)rope/cf-l : 2-dicarboxylatc (XXVI). 
—This ester may be prepared in the following ways : 

(1) In small amount, bv direct esterification of the acid (p. 350). 

(2) In small amount, by heating either of the other esters with 
alcohol and sulphuric acid (p. 354). 

(3) In small amount, by distillation of the normal ester under 
atmospheric pressure (p. 352), or by distillation of the labile ester 
under reduced pressure (p. 353). the separation being effected with 
the aid of dilute alkalis as in (1). 

(4) To the extent of about fiO per cent, by the action of hot 
concentrated sodium ethoxide on the normal ester (p. 354). 

(0) Quantitatively, by the action of cold dilute sodium ethoxide 
on tlie labile ester. 

When the labile ester was added to the theoretical quantity of 
cold dilute alcoholic sodium ethoxide. ail intense orange colour was 
immediately developed and a considerable amount of heat was 
evolved. The solution was kept for ten minutes, poured into water, 
and cautiously treated with a slight delicit of dilute hydrochloric 
atl d. The precipitated ester was extracted with pure ether, washed 
"ith dilute sodium hydrogen carbonate and with water, and then 
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recovered by drying and evaporating the ether. It was completely 
soluble in 10 per cent, aqueous potassium hydroxide and gave an 
immediate, intense crimson colour with ferric chloride. 

This ester can be quantitatively separated from mixtures with tin* 
normal and labile esters by extraction with cold 10 per cent, 
potassium hydroxide. The various ways in which the enol-ester 
can be converted into the labile ester are enumerated on p. 352, and 
its transformation by way of the labile ester into the normal ester 
by keeping, and by the action of hot concentrated sodium ethoxide, 
is noted on pp. 351 and 354 (below). 

The enol-ester rapidly decolorises alkaline permanganate and 
bromine. On hydrolysis with alkalis, either with or without the 
addition of casein, it yields the normal acid, m. p. 200°. The sodium 
and potassium derivatives are obtained by interaction of the labile 
or enol ester and sodium or potassium ethoxide, but they are 
resinous and cannot be crystallised. They show no tendency to 
react with ethyl sodiocyanoacetate and do not give rise to alkyl 
derivatives when boiled in alcoholic solution with alkyl iodides. 

Equilibration of the Three Esters in Alcoholic Solution- Each of 
the three isomeric esters, when heated at 100° in ethyl alcohol 
containing sulphuric acid, the conditions being similar to those 
used in esterifying the acid (p. 350), was converted into a mixture 
of the normal, labile and enol-estcrs, which were separated by the 
methods previously described. The proportions were the same a* 
in the esterification of the acid. 

Equilibration of the Esters in the Pretence of Sodium Ethoxide. - 
\ series of experiments, made with the object of examining the 
nature and speed of adjustment of the equilibrium which is estab- 
lished when any one of the three esters is treated with an eqmvalenl 
of alcoholic sodium ethoxide, has led to the conclusion that after f 
period of two days at 60° equilibration is complete, and that in the 
state the two intermediate members of the series normal ester 
labile ester enol-ester sodium derivative are almost 
entirely absent, the mixture consisting of about 40 per cent, d tin- 
normal ester and 60 per cent, of the sodium compound of the eno - 
ester. A small amount of the material, however, undergoes ab- 
reaction leading to the ethoxy-acid mentioned below (section h). 

In each of the experiments, the results of which are shown in tne 
following table, 10 grams of a pure ester were treated with one 
equivalent of alcoholic sodium ethoxide under the condition* 
named, and the product separated by pouring into water, extrac mg 
the normal ester with ether, and then decomposing the sodium 
compound by neutralising the aqueous liquid with hydrochloric 
acid The enol-ester was then extracted and separated Horn w 
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small amount of ethoxy-acid by means of dilute sodium hydrogen 
carbonate. The total amount of recovered material was usually 
9 grams or a little less. 

From normal ester. From labile or enol -ester. 
Xormal Enol- Ethoxy- Xormal Enol- Ethoxy- 


ester. ester. acid. ester. ester. acid. 
Conditions. (gms.) (gins.) (gins.) (gins.) (gins.) (gins.) 

LO minutes at 2o° ... 9 0 0*0 0 9 0 0 

1 hour at 60° fi 2 0*2 1 8 0*0 

IS hours at 60° 3 5 0*6 3 5 0*(i 


The Three Methyl Esters. — The cyclopropane acid forms three 
isomeric methyl esters, which are precisely analogous to the three 
ethyl esters just described. 

Xormal Methyl 3 - M ethyl- X~- cyclop ropen e - 1 : 2-dicarboxylate. — 
This ester can be obtained by methods analogous to the first four 
of the five methods given on p. 351, for the preparation of the 
normal ethyl ester. It can be separated from the labile and enol 
methyl esters by the methods used for the separation of the normal 
ethyl ester from its isomerides. It crystallises in needles, m. p. 
33—34°, boils at 122®/20 mm., and at 7S2 mm. distils with very 
little polymerisation, giving the pure labile ester. It reacts with 
hot methyl alcoholic sodium methoxide, giving the methoxy-esters 
described in section G, and in other respects, for instance towards 
permanganate, bromine, and hydrolysing agents, behaves similarly 
to the normal ethyl ester. 

Labile Methyl 3- J/ ethyl -X 2 - cyclop ropene- 1 : '2-dicarboxylatc. — This 
>ster is prepared, and is separated from, and converted into its 
somerides exactly like the labile ester in the ethyl series, excepting 
is regards its reaction with sodium methoxide, which is described 
in section G. Under “ non-aseptic 51 conditions it boils constantly 
at 133720 mm. 

Enol Methyl S-Mdhyl-Xr-cyclopropentA : 'l-dicarboxylate. — This is 
obtained by methods analogous to methods ( 1 ) (2) (3) and (5) (p. 353) 
for the preparation of the enol ethyl ester, to which it is similar in all 
respects, excepting the reactions described in section G. 

fCj The Action of Ozone on the Xormal and Labile Esters of 3- Methyl- 
X-eychpro pen c-l : 2 d i carboxyl ic Add. Ethyl Acetyloxaloacetate 
(LI). 

The Xormal Ester ~ The solid ester (5 grams), dissolved in 10 e.c. 
f chloroform, was subjected to a strong current of ozone over a 
eriod of six hours. The solvent on evaporation left a colourless 
jf (yield theoretical) (Found : C — 49*0 ; H — 0-3. (\ 0 Hi 4 O 7 requires 
^48*8; H ~ 3*7 percent.), which was warmed for two hours with 
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50 c.c. of water in a flask fitted with a ground-in condenser at the 
end of which was fitted a bubbler containing Schiffo’s reagent to 
detect any formaldehyde which might be formed. However, the 
reagent developed no colour nor, on testing the aqueous solution, 
could the presence of formaldehyde be detected. 

The solution was extracted with ether and the pale yellow oil so 
obtained was distilled {yield 3 grains) and identified as ethyl acetyl, 
oxaloacetatc by analysis (Found: 0 — 51*8; H — 6*2. Calc., 
C =ss 52*1 ; H = 6-2 per cent.), by its ferric chloride reaction, its 
solubility in aqueous alkali, and by treatment with an acid 
solution of benzenediazonium chloride (Rabischong, Bull. Soc. chhn, 
1904. [iii], 31, 93), which gave p-ethyl diketosuceinate phenyl* 
hydrazone (LU) as yellowish-red needles, m. p. 72 — 73°, which were 
identified by direct comparison and the method of mixed melting 
points with an authentic specimen prepared from ethyl oxaloacetatc 
{ibid., p. 78). 

The Labile Ester. — Experiments were carried out with the labile 
ester under conditions identical with those employed with the 
normal ester, excepting that it was found necessary to pass ozone 
for a longer period. No formaldehyde could be detected and the 
products obtained were identical with those given above. 

{!)) Reduction of S-Methyl-AP-cyclopropeneA : 2 -dicarboxijlic Acid: 

Formation of Xormal and labile $-3Iethylghitaconic Acids. 

(i) Action of Sodium Amalgam. — Many attempts were made to 
reduce the ct/cZopropene acid by means of 4 per cent, sodium amalgam, 
both at the ordinary temperature and in boiling solution, under 
different conditions of alkalinity or acidity, in no ease was any 
evidence of reduction obtained, the acid being invariably recovered 
unchanged. 

(ii) Action of Hydriodic Acid. The cyclop ropeue acid can he 
reduced by hydriodic acid, but only under energetic conditions, as 
the following typical experiments show. 

(а) The cycZopropene acid (2 grams) was boiled under reflux with 
10 c.c. of hydriodic acid ( d 1*7) for one hour, and the product diluted 
with water and extracted with ether. The extract was decolorised 
by means of potassium hydrogen sulphite solution, dried, and 
evaporated, when the ryrZopropenc acid was recovered unchanged. 

(б) The preceding experiment was repeated with the modification 
that 2 grams of red phosphorus were added before boiling. Hie 
result was the same. 

(c) The conditions of experiment («) were reproduced, excepting 
that the heating was continued for five hours. The product, 
isolated in the same manner and purified by crystallisation from 
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xylene, melted at 115°, and did not depress the melting point of an 
authentic specimen of labile fi ■ m eth ylgln taconie acid, with which 
direct comparison showed its identity (Found : C = 50*1 ; H = 5*7. 
Calc., C = 50*0 ; H = 5 6 per cent.). 

(i d ) The conditions of experiment (6) were reproduced, excepting 
that the mixture was heated at 180° in a scaled tube for six hours. 
The reduction product, isolated as before and fractionally crystallised 
from xylene, yielded two acids. That present in larger amount 
melted at 149° and had all the properties of normal p-methyl- 
glu laconic acid, with which it was identified by direct comparison. 
The other acid melted at 115" and was identified as labile fi -methyl - 
glutaconic acid. No trace of 3 - methylcyriopr opane- 1 : 2 -di carboxylic 
arid, or of glutaric acid, could be isolated. 

(K) Addition of Bromine to the cyclo Propane Acid and it* 
Esters. 

2 : 3-Dibromo-3- r /ndhylcyc\QpropaneA : 2 -d {carboxylic Acid (XVII). 
—It is unnecessary to heat the cycfopropenc acid with excess of 
bromine in a sealed tube in order to obtain this substance (Feist, 
foe. cit.). The acid (5 grams) was dissolved in 300 c.c. of dry ether 
containing 2-5 e.c. of dry bromine, and the solution, after keeping 
over-night in a closed flask, was shaken with potassium hydrogen 
.sulphite, dried, and evaporated. The residue consisted of the pure 
libromo-acid, which crystallised from xylene in needles, and from 
water in plates, m. p. 244 (decomp.}. The acid may also be pre- 
pared (p. 358) from its ethyl ester, and from the bronio-Iaetone 
mentioned below. 

The acid could not be converted into an anhydride by boiling 
with acetyl chloride, which indicates that the carboxyl groups are 
in the Iran ,9-posit ion with respect to each other. It could not be 
converted into the anhydride of the cis- mod ideation, because on 
sublimation, and on heating in a sealed tube with acetic anhydride, 
it lost hydrogen bromide, yielding the lactone of 2-bromo-3-hydroxy- 
Tmothyleyr/opropauc-l : 2-dicarboxylic acid (p. 358). The acid is 
stable towards boiling hydrochloric acid or cold alkali hydroxides, 
but boiling alkali hydroxides convert it into a syrupy product, from 
which no pure substance has up to the present been obtained. 

Reduction of the l)ibromo-acid. — This was carried out using 
sodium amalgam as described by Feist {Joe. cit.). The product 
melted at 189 — 190''’, both in the crude state and after crystallisation 
from water, but two crystallisations from xylene brought the m. p. 
to -00". A direct comparison on the lines indicated on p. 340 
showed that the substance was 3-mcthyln/rfopropene-l : 2-di- 
carboxylic acid, and this conclusion was confirmed by a microscopic 
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examination of the calcium salt and by the preparation of the normal 
ethyl ester and the dibromo-acid. 

Ethyl 2:3- Dibromo - 3 - mdhylcyelopropane -1:2* dicarboxyhu, 
(XXXVIII). — This ester was prepared by the action of bromine 
on the cycZopropcne ester as described by Jones (foe. cit.), and also 
by directly esterifying the dibromo-acid with ethyl alcohol and 
sulphuric acid. It was obtained as a colourless oil, b. p. 170°/5 min., 
the yield being 80 per cent, of the theoretical. The decomposition 
observed by Jones, who distilled under 30 mm., docs not occur at 
pressures below 15 mm. 

On hydrolysis by boiling with hydrochloric acid, this ester is 
converted into the dibromo-acid, m. p. 244°. 

Reduction of the Dibromo- ester. — Seven grams of the ester were 
gradually added to a suspension of 10 grams of finely divided 
potassium in xylene, the mixture being cooled meanwhile, as much 
heat was evolved. After filtering, the solution was distilled under 
reduced pressure, when an almost quantitative yield of the labile 
modification of the cycZopropene ethyl ester was obtained. 

(F) Addition of Ifypobromous Acid to the eyclo Propene Acid. 

2-BromoA-hydroxy- i X-methyk-y<Aopropane-l : 2-dicarboxylic Acid 
(XXXV). — This acid was prepared, following the directions given 
by Feist ( loc . cit.) f by the action of bromine water on the cych- 
propene acid. After crystallisation from ether, it melted at 138— 
139°. It does not give a colour with ferric chloride and does not 
react with semiearbazide acetate or o-phenylenediamine. On 
sublimation, or evaporation in acid solution, it is converted into the 
lactone mentioned below, and on treatment with alkalis undergoes 
spontaneous reduction to the cyc/o propene acid, m. p. 200". 

Spontaneous Reduction in Alkaline Solution. — («) Five grams nf 
the bromo-hydroxy-aeid were dissolved in 200 c.t\ of 10 per cent, 
aqueous potassium hydroxide, and the solution was left at the 
ordinary temperature until the next day, when it was acidified with 
hydrochloric acid and extracted with ether. The acid isolated in 
this way melted at 2(H)' after crystallisation from xylene, and was 
identified as the original o/c/opropene acid. 

(6) The same result was obtained when the solution in 10 per 
cent, potassium hydroxide was boiled one hour and then acidified 
and extracted with ether. 

In either experiment, the bromo* hydroxy-acid may he replaced 
by its lactone (below), without altering the result. 

Lactonic Acid of 2 - B ro n> n - 3 -h yd roxy- W-mrfhylvych^propnnc-'i A- 
dicarboxylic Acid (XXX VI).— This substance may be prepared in 
three ways : 
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(а) By subliming the free hydroxy-acid (Feist, loc. cit.) t or by 

evaporating it in acid solution. 

(б) By heating the dibromo-acid, m. p. 244°, when hydrogen 
bromide is eliminated, and a sublimate of the bromo-lactonc is 
obtained. 

(c) By prolonged boiling of the dibromo-acid with w T ater and 
subsequent evaporation. 

It crystallises from xylene in short needles, in. p. 171°, andsublimes 
in glistening plates. It does not decolorise alkaline permanganate, 
but alkalis convert it into the hydroxy-bromo-acid and thence into 
the eyefopropene acid (above), and sodium amalgam reduces it to 
the lactone having formula (XLTV). Phosphorus pentachloride and 
bromine convert it into the chloride of the dibromo-acid, m. p. 244°. 

Bromimtion by Phosphorus Pentachloride and Bromine. — The 
lactonic acid (2-5 grams) was heated with the same weight of 
phosphorus pentachloride until the reaction was finished, when a 
small amount of iron and 2 o.c. of bromine were added and the 
mixture was gently heated on the steam -bath for sixteen hours. 
The excess of bromine was then removed in a current of air and the 
residue poured into ethyl alcohol. The neutral esters were isolated 
by adding water and extracting with ether in the usual way, and 
hydrolysed by boiling with 20 per cent , hydrochloric acid, from which 
the dibromo-acid, m. p. 244°, crystallised on cooling. 

Lactonic Acid of 3-Hyd ro.n/-3-wetkylcyc\o propa ne-\ : 2-dicurboxyl\c 
Acid (XLIV).— 1 This substance, which has been described by Feist 
(/or. cif.), is best obtained by dissolving the bromo- lac tonic acid in 
water and gradually adding an excess of 4 per cent, sodium amalgam 
while a rapid stream of carbon dioxide is passed and the temperature 
maintained at 50 — 60°. After cooling, the solution is acidified and 
extracted with a large amount of ether. The lactonic acid crystal- 
ises from xylene in minute needles, m. p. 144' (Found : C = 50'7 ; 
1 — 4-5. Calc., C ~ 50-7 ; H 4-2 per cent.), and sublimes with 
light decomposition. 

The free hydroxy-acid corresponding with this laetone cannot be 
solatcd, although its salts are obtained by the action of alkalis on 
:he lactonic acid; the free hydroxy -acid is, however, very easily 
lehydrated by excess of alkalis, giving the nyefopropene acid (below). 
Solutions of the lac tonic acid in cold sodium hydrogen carbonate do 
not decolorise permanganate. 

Conversion into the eycl oPropnic Acid . — The lactonic acid (0*5 
gram), dissolved in 20 c.e. of eold 10 per cent, aqueous sodium 
hydroxide, yielded, on subsequent acidification and extraction with 
ether, the cyclo projxaie acid, m. p. 200 . The addition of hydroxyl* 
amino hydrochloride (Feist, loc. at.) had no effect on this result. 
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(G) Addition of Methyl Alcohol and Ethyl Alcohol to the 
cyclo Propcne Eskrs. 

Methyl 3 - M ethoxy - 3 - metkyfayclopropane -1:2* dicarboxyhte 
(XLVIII). — Nine grams of normal methyl methylci/cZopropeue- 
dicarboxylate were added to a cooled solution of sodium me th oxide, 
prepared from 2 grams of sodium and 30 c.c. of methyl alcohol, and 
the mixture was immediately poured into 1 litre of dry ether. On 
filtering from precipitated sodium methoxide, and evaporating the 
ether, a solid residue was obtained, which crystallised from benzene 
in short prisms, m. p. 98° (Found : C = 53-1 ; H — 7*2. C fl H 14 0 5 
requires C = 53-4 ; H — 7-0 per cent.). The same substance was 
obtained as a by-product in the preparation of the methyl hydrogen 
salt (below). 

Methyl Hydrogen W-Mcthoxy-Z- melh yhyclopropane - 1 : 2 -dicarb- 
oxylate (XLVII). — The normal eyefopropene ester was added to 
methyl alcoholic sodium methoxide as in the last experiment, and 
the mixture kept at the ordinary temperature for one hour and then 
boiled for two hours. When cool, the solution was poured into 
dilute hydrochloric acid, and the products extracted with ether, 
and separated into neutral and acid fractions in the usual wav. 
The neutral extract, on evaporation, gave the above-mentioned 
dimethyl ester, m. p. 98 . The acid extract yielded a solid residue, 
which crystallised from xylene in twined prisms, m. p. 136° (Found: 
C = 5T0; H ~ 6*7. C S H 12 0 5 requires C — 50 8; H — 0*4 per 
cent.). The substance decomposed a few degrees above the m. p., 
but could be sublimed unchanged in needles. Titration showed it to 
be a monobasic acid. 

Ethoxy Met h y k y c I opropa n c - 1 : '2-dicarboxyUc Acid (XL VI).— 
This acid, which was obtained as a by-product in the experiments 
on the interconversion of the three cyctopropene ethyl esters by 
means of sodium ethoxide (section B), was crystallised from xylene, 
and thus obtained as small needles, m. p. 15(1 (decamp.) (Found 
C — 50*8; H -- 6-7. C s H] 2 O s requires (' •-= 50*8; H - 0-4 per 
cent. M y by titration ----- 188; calc.. M - 188). 

Reduction to Sormal [i-Melhylglutw'onic Add , — The ethoxy-acid 
(0*2 gram) was boiled for four hours with 10 c.c. of hydriodie acid 
(i d 1*7), and the solution diluted and extracted with ether. Tlic 
extract was decolorised by means of potassium hydrogen sulphite, 
dried with sodium sulphate, and evaporated. The residue rapidly 
set to a cake of crystals, which, after recrystallisation from xylene, 
were identified as normal fs-methylglutiuonic acid by direct com- 
parison and a nfixed melting point determination with a genuine 
specimen of this acid. 
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(H) Oxidation of the cyclo Propcne Acul by Alkaline Permanganate : 

Formation of Malonic Acid. 

A solution of the ' cycfopropene acid (3*55 grams) and sodium 
carbonate (2*65 grams) in 500 c.c. of water was rapidly stirred 
mechanically while 1800 c.c. of a 1 per cent, solution of potassium 
permanganate (corresponding with a little more than seven atoms 
of available oxygen) were gradually run in. The reduction of the 
permanganate took place rapidly, almost exactly seven atoms of 
oxygen being absorbed. The solution was filtered from oxides of 
manganese, freed from the small excess of permanganate by sulphur 
dioxide, faintly acidified with hydrochloric acid, evaporated to 200 
c.c., then strongly acidified with sulphuric acid, and extracted with 
ether. On drying and evaporating the ether, a crystalline residue 
was obtained, which, on recrvstallisation from xylene, melted at 
132° and had all the properties of malonic acid, with which it was 
identified by direct comparison and a mixed melting point deter- 
mination. 

In spite of careful search no trace of methylmalonic acid could be 
isolated. 

\Vc desire to thank the Chemical and Royal Societies for grants 
with the aid of which the expense incurred in this research has been 

met. 

Imperial College or Science and Technology, 

South Kensington, S.W.9. [Received, December Is/, 1922.] 


XLII. — The Tautomer ism of Amidines. Pari I. 

2 : 4 - and 2 : o-Diphenylglyoxalines. 

By Richard Hurtles and Frank Lee Pyman. 

Unsym metrical Ainidinos, whetlhT open-ehain. partly cyclic, or 
wholly cyclic, exhibit virtual lauiomcriMn, a single substance 
resulting from reactions designed to prepare the two isomerides. 
Thus, to give one of many examples, von IVehmaim IStlo. 28. 
874) obtained the same l>rn/.enylplienyl-p-tolvlamidine (1 or II) by 

(I.) NFhXTVNlH'dL UJ ) XHrh-CPhlX-C-H- 

thr action of beir/.oyl-p-toluidide iminoehloridc on aniline and by 
die action of henzanilide iminoehloridc on p-toluidine. Apparent 
exceptions to the rule have been reported from time to time, but 
subsequently disproved. Thus, Meldola. Eyre, and Lane’s fT.. 
1903, 83, 11S5) supposed isomeride of Prager's (Ber., 1885, 18. 
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2167) 2-methyl-a-naphthiminazole was shown to be an oxygenated 
derivative by Otto Fischer ( J . pr. Chem 1907, fii], 75, 88), whilst 
an alleged case of the occurrence of t wo isomeric forms of a partly 

cyclic amidinc, l-anilinobenzoxazole, CgH^Q^C’NHPh, was 

disproved by Young and Dunstan (T., 1908, 93, 1052). Their 
remains, so far as w r e are aware, but a single uncontradicted example 
of isomerism of this type amongst amidines, the occurrence of both 
2 : 4- and 2 : 5-diphenylglyoxalines, which is discussed in the 
present paper. 

The first of the two isomerides to be described was a product, 
melting at 162°, obtained by Minovici (Ber., 1896, 29, 2097) either by 
the condensation of a-aminophenylacetonitrile with bcnzaldehyde 
by means of hydrogen chloride, 

NH,-CHPk-CN + Ph-CHO — s- jjj£d^>CPh, 

or by the action of ammonia upon 2 : 5-diphenyloxazoie, and regarded 
by him as 2 : 5-diphenylglyoxaline, whilst later Kunckell {Ber., 1901, 
34, 637) described, as 2 : 4-diphenyJgIyoxaline, a base melting at 
193°, which he prepared by the action of w-bromoacetophenonc upon 
benzamidine. 

CPh<*“ f Ph-COCK,Br U„ ,'^X’Ph. 

iSrl.> Oril jN 

We have related the preparation of Minovici s base from 
a -aminophenylacetonit rile and find that it melts at 168 (corr,), 
and have also confirmed the formation of a base of higher melting 
point — 194° (corr.)- by Kunckcll’s method. For brevity, these 
bases are distinguished below as M and K, respectively. Repetition 
of the analyses of both bases gave figures in good agreement with 
those required for diphenylglyoxaline, and it remained to determine 
whether they were isomeric or polymorphic forms of the same 
substance. The main results of the investigation were as follows : 
The two bases yield identical salts with any given acid, from which 
the recovered base is M. The base K. is obtained almost consistently 
by Kunckell’s method, but on heating for a short time in alcoholic 
solution, it is converted into M. In no case has M been converted 
into K. Saturated alcoholic solutions of the much more readily 
soluble base M failed to deposit the sparingly soluble base K on 
inoculation. In the region of the melting point, M is the stable 
compound. A mixture of equal parts of >1 and K melts at a 
temperature, about 174—175°, intermediate between their melting 
points. 

These results lead to the conclusion that the compounds are not 
polymorphic but isomeric, and represent the 2 : 4- and 2 : 5-di* 
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jhenylglyoxalines. It does not, however, seem to us to be possible 
■o judge from their methods of formation which is the 2 : 4- and 
vhich the 2 : 5-isomeride. 

The formation of a single salt by the action of an acid upon the 
wo bases is doubtless due to the fact that the ions of the salts of 
he two bases are not position-isomerides, but — if they differ at all, 
L g would appear from the usual conventional formulae given below — 




(jph.NH ^ CPl1 

I I 

ralency-isomcrides. In other words, whilst the bases themselves 
ire isomeric, the basic ions are tautomeric in Laar’s sense of the 
Aord, This leads us to the view that the previous attempts of 
ron Pechmann and others to synthesise the two isomeric forms of 
)ther araidines have necessarily failed wherever the bases have 
jecn converted into their salts. For we hold that the formation 
jf salts or alkyl salts of amidincs is due to the addition of the acid 
jr alkyl salt to the doubly-linked nitrogen atom, and thus find our- 
selves in agreement with Young and Crookes (T., 1906, 89. 59), 
but in opposition to the views of von Pechmann (Ber., 1895, 28, 
^362) and Cohen and Marshall (X., 1910, 97, 328), who regard the 


formation of an alkyl derivative X*C<fi- 


NR 


V XR' Alkyl 

that the amidine has reacted in the form X*CC?J? r> 

A niv 


as an indication 


In support of our view, we may point out that amidines are 
monacidic bases, that obviously the acid or alkyl salt would com- 
bine with the basic nitrogen atom, and that a comparison of 
amidines, R*C(!XH)*XH 2 , with the basic imino-ethers, R*C(!XH)*0Et, 
on the one hand, and the non*basic acid amides, R*COXH 2 , on the 
other, leaves no doubt as to which of the nitrogen atoms of amidines 
is to be regarded as basic. It appears then that the conversion of 
the two isomeric forms of an amidine into the salts mav be 
represented as follows : 

XCCXR)-XHR' -r HC1 -> XCflXHRCipXHR' 
XC(:XR')*XHR + HC1 — XC(:XHR'C1)-XHR 


and that the two salts have a common ion and therefore are 
identical. The common ion * can be represented on an electronic 


* It should be pointed out that Lflpworth's view of the mechanism of the 
aesmotropisrn of ethyl aeetoneetato ( Mtm . Munche*t(r Phil . $oc. ? 1920 , 64 . 
13), when interpreted upon an electronic basis as suggested by him later 
l/r"' h'ads to a similar expression for a common ion, that is, 
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basis, after Kermack 
formula 


and Robinson (T., 1922, 121, 427) by thi- 
ll X H 


R :N:C3N:R' 


Clearly, the identity of the moth iodides of 1 : 4- and 1 : o-dunothyl- 
glyoxalines (Pyman, T., 1910, 97, 1814) is due to a similar cause. 

° In the ease of the diphenylglyoxalines, the production of tin 
labile form of higher melting point by Kunckell's method is remitted 
possible by the alkalinity of the reaction mixture owing to tin- 
excess of benzamidine employed, and consequent avoidance of 
ionisation. 


ExrKlUM E -N T A L. 

Kune foil's lia sc.- The benzamidine liberated from 14 grams of 
the hydrochloride by means of sodium hydroxide was extracted with 
30 grams of chloroform, 6 grams of w-bromoacctophcnone \\ ere added, 
and the product was boiled for four hours under reflux. After 
distillation of the solvent, there remained a brown, gummy mass, 
which was extracted three times with warm water, and then mixed 
with benzene, when a yellow, crystalline product remained irndis- 
solved. This was boiled with dilute aqueous sodium carbonate 
to convert any salt to base, and gave from 5 to 6 grams of a pale 
yellow, crystalline powder melting at 191° or 192°. The yield of 
crude product is thus nearly theoretical, but on crystallising the 
product from alcohol there were obtained on the average onh 
2*5 grams of base melting at 193°, and on concentration of the 
mother-liquors 1*6 grams of base melting at 167". Similar results 
were obtained in six repetitions of this experiment, but on two 
occasions when the reaction proceeded abnormally small quantities 
of the base of lower melting point wore obtained and none of the 


base of higher melting point. 

Chi recrystallising the base molting at 193' J from alcohol, it 
separated in well-formed, colourless prisms which molted at 104 
(corr.) (Found : O - »!•«: H .VS; X - 121*: Calc.. C -81* 
H — .Vo : X - 12*7 per cent.). After healing for fifteen rainim-? 
with alcohol on the water-bath, it was converted into a base inciting 
at 168° (corr.) which was identical with ilium id's base (J'ouwl: 


C = 816; H — .VSper cent.). 

Minovici's Date .-- The crude ■x-aminophenylaectnintrile resiil inf. 
from the action of alcoholic ammonia on mandolonitrile was un- 
solved in cthci’, filtered to remove a-lKur/.ylidonoannnaphMi) - 
acetonitrile, and condensed with benzaldehyde by means ul V 
hydrogen chloride, when the diphcnylglyoxaline inciting a ’ 
(corr.) was obtained in very poor yield. 
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Behaviour of the Salts . — The two bases giveTthe same salt with 
any given acid. The hydrochloride, for which Minovici records 
the melting point 273° and Kunckell 262°, was prepared by passing 
dry hydrogen chloride through ethereal solutions of the two bases 
j\I and K at 0°, when the crude products melted at 274—275° and 
272—274°, respectively. On warming these salts with aqueous 
sodium carbonate, the base M was obtained in each case. 

The hydrogen oxalates were precipitated on the addition of a cold 
oncentrated alcoholic solution of oxalic acid to cold concentrated 
icoholic solutions of the bases M and K, and melted at 225° and 
[27 °, respectively, a mixture of equal parts of the two melting at 
[25°, 

The acetates were prepared by allowing cold concentrated solutions 
jf the bases (M and K) in glacial acetic acid to evaporate spon- 
:aneously, when long, silky needles, which melted at 95° and 96°, 
Tspectively, separated. A mixture of the salts from the two 
wurces melted at 95°. This salt contains 4H 2 0 (Found : C = 69‘9 ; 
K - 6T ; N = 9*6; loss at 100° = 22*7. C u H 12 N 2 ,C 2 H 4 0 2 ,P 2 0 
requires 0 = 70*6; H = 5*9; X = 9*7; loss of C 2 H 4 0 2 ,1H 2 0 = 
23*9 per cent.). 

The residue left after heating the acetate of the base M melted 
at 167°, and the residue left after heating the acetate of the base K 
melted at 160°. 

Some evidence was obtained that the change K — proceeds 
only slowly in the absence of mineral acid ; thus a quantity of K 
was dissolved in glacial acetic acid, diluted with water, and basified 
atoncc with ammonia, when the precipitate which gradually solidified 
softened from 170° and melted at about 185 — 192 : , but after 
crystallisation from alcohol it melted at 167°. 

Cryoscopic Determinations. 

The very slight solubility of the bases in benzene or aniline 
prevented the use of these solvents in determining the molecular 
weights of the bases by the cryoscopic method, but determinations 
were made in glacial acetic acid, when high results averaging 276 
for K. and 260 for M were obtained. These results are no doubt 
vitiated by the formation of the acetate, and the same criticism 
applies to attempts to distinguish between isomerism and poly- 
morphism by Sidgwick’s method (T., 1915, 107, 673) using the same 
solvent. The results, however, are given below, because, apart from 
this criticism, they are in opposition to our view that the compounds 
a re isomeric. Thus, saturation of glacial acetic acid with M gave 
m two experiments A —3*5° and — 3'8° ; on the 'addition of K 
arise of -f 0*7° and 0‘8° occurred, whilst saturation of glacial acetic 
VOL. c xxiii. O 
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acid with K gave A -2*5° and -2*8°, and with addition of M a 
further depression of 0'8° and 0*9°. 


Solubilities in Alcohol. 

The finely powdered bases in excess were well shaken with 
absolute alcohol, kept in a thermostat for three horn’s in the case of 
K and one night in the case of M, and filtered. The solubility was 
then determined by evaporating weighed portions (about 2 c.c.) of 
the solutions and weighing the residues, io another portion of 
the solution of the more soluble base M, some of the finely powdered 
base K was added and the mixture was well shaken in the thermostat 
for half an hour, when the amount of material in solution was again 
determined. 

The results were as follow s : — 


Solubility in 


Temperature. K(194°). 

0® 3-49, 34)3 

10 4-39. 4*41 

25 [5-9 at 21°] 

36 


rams per 100 grains of absolute 


alcohol. 


M(168°). 

M + K. 

11-34 

10-66, 10-68 

14-77 

14-81, 15-04 

15-98 

16*47, 16-49 

23 0, 23*7 

23-3, 23-4 


The results must be regarded as only approximate in view uf tin- 
small quantities of the solutions employed. Thej do not show 
consistently that saturated solutions of M will dissolve K, as one 
would expect in the ease of substances differing in the liquid state, 
but they show plainly that addition of K to saturated solutions of 
M does not cause (or at the temperatures 0 and 36° causes to only 
a very slight extent) deposition ol tile more sparingly soluble form. 

Another experiment on the behaviour of the bases in alcoholic 
solution follows. Hot concentrated alcoholic solutions uf the twu 
bases were filtered, and each filtrate was di\ided into two paiK 
one ^pf which was inoculated with k. the other with the bast- M. 
when it was found that the solution- of K deposited crystals molting 
at 194° (corr.) in both eases, whilst the solutions of M deposited 
crystals melting at 16S' (corr.) in both cam--. 


Behaviour ou lit at my. 

The base M was heated in a small test lube Mirioimdnl by liquid 
paraffin, and gave a perfectly clear solution at 109 . Ihe 
temperature was now maintained at 171 — 172" for half an hour, and 
a trace of the base K was added, but did not cause crystallisation. 
The liquid was now allowed to cool to 120", and stirred to cause 
crystallisation. • The melting point of the resolidified mass was 
again determined, when it began to soften at 1 60“ and gave a clear 
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iquid at 17 1 The base M ig thus stable in the region of the melting 

>oint. 

The base K was similarly heated for half an hour at 171 — 172°, 
.vlicn it underwent no change. On raising the temperature, it 
jcgati to melt at 189°, but was not clear until a temperature of 
L94° was reached. The liquid was now allowed to cool to 120° 
ind stirred to promote crystallisation, and the melting point was 
^determined, when it was found that the substance began to soften 
it 160°, but was not clear until 186°. After cooling once more 
ind heating again, the substance softened at 160° and was quite 
dear at 172°. The base K is thus unstable in the region of the 
uelting point. 

Municipal College of Technology, 

University of Manchester. [Received, January 18th, 1923.] 


XLIII. — The Tautomerism of Amidints. Part II. The 
Alkylation of Open-chain Amidines. 

By Trank Lee Pyman. 

The results of alkylating unsvmmetrical open-chain amidines con* 
aining the group ■C(IXR')*NHR or 'CY.XRj-XtLR' by heating with 
jkvl salts are stated to depend on the nature of the groups R and R'. 
Mere R and R' are similar in character, for example, phenyl 
ind o-tolyl or phenyl and y naphthyl, a mixture of the two possible 
alkyl derivatives is obtained in approximately equal amounts, 
but where the two groups differ in character, for example, phenyl 
and methyl, or ethyl and mcnthyl. only a single alkyl derivative 
ha* been isolated, in which the alkyl group is attached to the less 
basic nitrogen atom (Marekwald, Annahn, 1895, 286 , 343 *, von 
Pcchmann, Her 189-7. 28 . SI 59. 2362 ; 1897, 30. 1779 : von Pechnjann 
and Heinze, ibid., 17 S3 ; Cohen and Marshall, T.. 191<», 97. 32S). 

The isolation of only one of the two possible alkyl derivatives 
in those eases has led to the view that only one is formed, but in 
the jircsi nt author’s opinion this view is inei.rn.vi. 

It was shown recently (Pyman, T.. 1922. 121. 2010) that 
whereas methylation of 4-methvJgIyu.valinr leads to the 1:4* 
and I : o-dimcthyjg] vox alines in tin* proportion of 2*2:1, the 
methylaliun of 5-nitro-4-methylglyoxalinc leads to the formation 
i nf the 1:4- and 1 : 5-dimethyl nit roglyoxa lines in the proportion 
°* -<13 : I- In the latter case, it was only the fortunate difference 
] n physical properties between the two isomeric alkyl derivatives 
that rendered possible the isolation of the isomeride produced in 

O 2 
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smaller quantity. Consequently, it seemed not improbable that 
the isolation of single alkyl derivatives by the authors cited above 
was due to the experimental difficulties of isolating the isomeridc 
produced in smaller quantity rather than to its absence, and this 
view received some support from their experimental records. 
It was decided, therefore, to repeat the alkylation of an unsym- 
metrical open-chain amidine, which had been stated to yield a 
homogeneous alkyl derivative, and benzenylphenylmethylamidine 
(la or 16) 'was selected as a typical example. 

CPh(:NPh)-Nmic or CPh(:NMe)*NHPh — > 

(la.) (16.) 

CPh(:mie)-NMePh and CPh(INPh)-NMe„ 
(II.) (HI.) 

According to von Pechmann (loc. cit .), the methylation of this 
base by means of methyl iodide at 100° yields methylphcnyl. 
ainidobenzenylmethylimiduie (II) as a homogeneous product, 
although the yield is not stilted numerically. Repetition of this 
alkylation has now shown that whilst mcthylphcnylamidobcnzeuyl. 
methylimidine is certainly the main product of the reaction, it 
is accompanied by a small proportion of the isomeric dimethyl- 
amidobenzenylphenylimidine (III), which von Pechmann prepared 
by the action of benzanilide iminochloride on dimethylamine, 
the relative yields of the two isomerides being approximately 15 : h 
From this result the conclusion is drawn that the alkylation 
of open- chain, as well as cyclic (compare Pyman, loc ciL), amidines 
leads to a mixture of the two isomeric alkyl derivatives in proportions 
which depend on the relative character of R and R', the greater 
the difference in character between R and R', the greater being the 
difference in yield of the two isomerides.* 

Further investigations of the relative amounts of the isomeric 
alkyl derivatives produced by the alkylation of amidines arc 
contemplated, and it is hoped that these may throw some light on 
the tautomerism of amidines and also on the relative influence 
of the substituents R and R\ Further discussion of the reaction, 
however, is postponed until more material has been accumulated, 
In the meantime, it is desired to direct attention to the important 
influence of carbonyl oxygen in the pyrimidine ring on the results 

* This appears to be the case also in the alkylation of unsymmetrical 
diazoamino-compounds, RXH’X:NR', £or in many cases where R and. R 
were substituted phenyl groups Meldola and Streatfeild obtained mixtures 
of the two isomeric alkyl derivatives in more or leas equal amounts, whereat 
von Walther anc^ Griesshammer ( J . pr. Chern., 1915, [ii], 92, 209) fouU“ 
that the methylation of p-tolueneazocyanodiamido gavo mainly the methyl 
derivative, CX-XH-C(:NH)*N a -XMe-C a H 1 Me. 
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0 f alkylating the glyoxaline ring in purines. Whereas 2:6:8* 
trichloropurine gave with methyl iodide and aqueous potassium 
hydroxide a mixture of the 7- and 9-methyl derivatives (E. Fischer, 
far., 1897, 30, 2224), the methylation of derivatives of xanthine 
has not afforded 9-methyl derivatives (E. Fischer, Ber., 1899, 
12, 435) ; thus the silver salt of 8-chlorothcophvlline and methyl 
odide gave a 50 per cent, yield of the 7- methyl derivative, 8-chloro* 
:affeiiie (E. Fischer and Ach, Ber., 1895, 28, 3135), whilst the 
methylation of 8-chIoro-3-methylxanthine with either methyl 
iodide or potassium methyl sulphate in alkaline solution gave 
again the 7-methyl derivative, 8-ehlorotheobroraine, in “ quite 
satisfactory ” yield (Fischer and Ach, Ber., 1898, 31, 1980). In 
view of the moderate yields of the 7-methyl derivatives in these 
cases it may be surmised that here also the 9-methyl derivatives 
were formed in small proportion. The predominant formation 
of the 7*methyl derivatives of xanthines recorded above may be 
compared directly with the results of methylating 5-nitro-4-methyl- 
glvoxaline on the assumption of a similar distribution of polarity 
induced by the oxygen atoms, which is indicated vaguely by the 
following formulas of the principal products of methylation. 


- + 


NR*()C“ Cj’NAIe 
CO-NR'-C — N 


>CR' 


OjN-Cj'XMe 
HjOC — N 


>(’ H 


Experimental, 

Melhjlaiion of Benze nylpli e nybneth i/lam idine . — Twenty grams 
if ben zenylphenylmethy lam idine, which melted at 135 — 136° 
corr.) (von Poehmann gives 134' ), and 20 c.c. of methyl iodide 
vere heated for three hours at 100°. After removing excess of 
nothyl iodide, the base was liberated by sodium hydroxide and 
Elected by means of ether, when 20 grams of oil were obtained. 
This was mixed with a hot solution of 22 grams of picric acid in 
200 c.c. of alcohol and gave (A) 26-5 grams of pierate, melting at 
1"3 5 , ( B ) 5*4 grams of pierate, melting at 140 — 155°, and a final 
niother-liquor, from which the base was regenerated. There were 
te obtained 2 grams of oil which on the addition of light petroleum 
^posited first 0-2 gram of the original material, melting at 125 — 130°, 
and then on concentration 0*48 gram of dimethylamidobenzenyl- 
phenylimidine, which softened at 65° and melted at 70 — 71°, 
kavinir a mother-liquor M. The product A on crystallisation 
fow -00 c.c. of alcohol gave 24*5 grams of mcthylphenylamido- 

I Wcnyhnetbylim idine pierate which melted at 174 — 176 3 (corr. 1 ) 
fan Vechmann gives 174°). The mother-liquor from this was 
Operated dry and the residue combined with B and converted 
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into the base, which was separated by light petroleum into 1.5 
grams o! the original material, melting at 134°, and 1*5 grams of 
oil. This was combined with M and converted into the picrate. 
giving 3*25 grams of crude methylphenylamidobenzenylmethvi. 
imidine picrate, melting at 165 — 170°, which after two crystal, 
lisations from alcohol gave 2*4 grams of the pure substance, and a 
mother-liquor from which the base was regenerated. It amounted 
to 08 gram and on treatment with light petroleum gave 0*1 gram 
of the original material melting at 125 -130°, and 0*42 gram of 
dimethylamidobenzenvlphenylimidine, which softened at 65° and 
melted at 70 — 71°. The yields of the two methyl derivatives, 
allowing for the recovered material, amount to 68 0 and 4 0 p er 
cent, of the theoretical, respectively. 

Diinethylamidobenzenylphenylimidine melted at 72 — 73° (con.) 
after crystallisation from light petroleum (von Peehmann gives 
73 — 74°), and its identification was confirmed by the preparation 
of the hydriodide, which melted at 200 ° (corr.), and picrate, which 
melted at 126 — 127 ’ (corr.) (von Peehmann gives 106° and 120 . 
respectively). 

The identification of methylplienylamidobcnzenylmefchylimidinc 
was confirmed by the preparation of the hydriodide, which melted 
at 191 — 192° (corr.) (von Peehmann gives 190°), but the base 
melted at 65 — 66° (con*.), several degrees higher than the 
temperature — 56° — recorded by von Peehmann. 

Municipal College or Technology, 

University or Manchester. \ Received, January 18 tl, l!i2:5.j 


XLIY . — The Quantitative Absorption of Light by Simple 
Inorganic Substance ,s. Part II. The Chlorides of 
Arsenic , Antimony , and Bismuth. 

By Alexander Killen Macbeth ami Xorah These Maxwell. 

The study of the quantitative absorption of light by simple 
inorganic salts was undertaken some time ago, the object of the 
work being to determine if any connexion existed between the 
molecular extinction-coefficients of members of the same group of 
elements and their atomic numbers or atomic weights; and sub- 
sequently to see if the extinction-coefficient is a periodic function 
when the elements are reviewed as a whole. 

The results ^obtained when examining the halides of the alkali 
metals and hydrogen have already been described (Brannig 311 
and Macbeth, T., 1916, 109, 1277). ^ It was found that, in general, 
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the molecular extinction-coefficient of these salts increased witli 
the increase of atomic weight, and the effect was specially marked 
in the case of the iodides. The observed extinction-coefficients 
were small, lying between the values 0 05 and 0‘5. In the present 
cases, the values are much greater, the experimental figures covering 
a range from 5 to 12,000. 

It is evident, therefore, that in the examination of the different 
groups of inorganic salts it will be necessary to employ solutions 
of considerably different concentration. In the case of the alkali 
chlorides, for example, 4A’-solutions were found to be of suitable 
concentration; with bismuth chloride, dilution to an N /10,000- 
solution was necessary before the absorption could he satisfactorily 
examined. On this account, it is a matter of importance to 
determine if the molecular extinction-coefficient as determined by 
the method adopted in this work is independent of the actual 
dilution of the solutions, and to ascertain if the values obtained 
at different concentrations are in agreement with Beer's law. 

A Hilger spectrophotometer was used in the measurements, 
and the molecular extinct ion -coefficients were derived from the 
expression log(/ // 0 ) -de, where I and / 0 have their usual significance, 
d is the length of solution, in centimetres, through which the light 
passes, and c is the concentration in gram -molecules per litre. A 
high-tension spark between nickel electrodes was used as the source 
of light; the intensity of this light remained fairly constant 
throughout the experiments, and the arrangement was approxi- 
mately a point source. The ratio log / 7 0 was varied by means 
of an adjustable rotating sector, and the calibration of the instrument 
for the different sector openings was carried out by a preliminary 
series of photographs with a standardised test-plate, supplied by 


the makers. 

The folic 

wing value 

were obtained : 


Sector 


Sector 

Sector 


opening. 

bo g/// 0 

opening. 

Log opening. 

bog III, 

0*1 

0-220 

0*0 

• 1*550 1 1 

0-900 

0*2 

0*293 

0-7 

Ml>40 J *2 

1*050 

0*3 

0*350 

0*8 

M‘7ck> 1-3 

1*110 

0*4 

0*425 

0*9 

0*770 1-4 

1*265 

<)■;* 

0-4S0 

I’M 

0S25 1*5 

1*380 


from the above values it is seen that limits of the molecular 
extinction-coefficients of any absorbing substance must lie within 
the ratio 1 :6 (220 : 1380} if the absorption over the visible and 
ultra-violet regions is to be completely examined at one particular 
dilution ; and with very absorptive substances this range will not 
he sufficient to cover more than a limited region of the spectrum. 
Azobenzene i.s an example of a substance of this type, and examin- 
ation of a solution of A /20.000-strength covers only the region of 
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Table I. 


Azobenzene, Band region X 4370. 


Concentration N/500. 1 cm. coll. 

Concentration jV/1000. 

2 cm. cell. 

X. 

A. 

X. 

A. 

378, 500 

175 

378, 500 

175 

370, 384, 496 

212 

371, 384, 497 

212 

368, 389, 495 

240 

306, 391, 494 

240 

365, 394, 488 

275 

365, 391, 484 

275 

363, 397, 483 

320 

363, 396, 482 

320 

362, 400, 478 

350 

361, 402, 476 

350 

362, 405, 468 

385 

360, 407, 468 

385 

361, 410, 463 

412 

360, 410, 460 

412 

361, 413, 458 

450 

3G0, 415, 456 

359, 418, 453 

450 

361, 415, 456 
360, 420, 453 

525 

525 

550 

359, 423, 450 

550 

359, 423, 450 

632 

359, 426, 450 

632 

437 

690 

437 

690 


Concentration N/2000. 4 cm, cell, 


A. 

A. 

X. 

A. 

378, 500 

175 

360, 407, 463 

412 

370, 384, 498 

212 

360, 408, 458 

450 

367, 391, 493 

240 

359, 412, 455 

525 

362, 394, 481 

275 

359, 418, 453 

550 

362, 397, 480 

320 

359, 423, 448 

632 

361, 400, 472 

350 

437 

690 

360, 405, 467 

385 




Table IT. 

Azobenzeno. Band region X 3210. 


Concentration A720,000. 

1 cm. cell. 

Concentration .V/40.000. 

2 cm. cell, 

X. 

.4. 

x. 

A. 

249 

5,860 

250 

5,860 

241, 262 

7,000 

242, 263 

7,000 

220, 238, 269 

8,500 

220, 237, 273 

8,500 

222, 235, 275, 344 

9,60U 

223, 235, 275, 341 

9,600 

225, 233, 280, 340 

11,000 

225, 232, 2 SI, 339 

11,000 

229, 284, 339 

12,800 

229, 286, 338 

12,800 

288, 338 

14,000 

290, 337 

1 4,000 

293, 335 

15,400 

295, 335 

15,400 

298, 334 

16,500 

300, 334 

16,500 

303, 330 

18,000 

306, 331 

18,000 

309, 329 

21,000 

310, 328 

21,000 

321 

22,000 

321 

22,000 

Concentration N/ 80,000. 4 cm. cell. 


X. 

A. 

A, 

A. 

250 

5,860 

290, 337 

14,000 

241, 262 

7,000 

294, 336 

15,400 

218, 237, 272 

8,500 

300, 335 

16,500 

222, 235, 276, 340 

9,600 

305, 332 

18,000 

225, 232, 281, 340 

11,000 

311, 327 

21,000 

229, 286, 339 

12,800 

321 

22,000 


wave-lengths extending from 3780—5000 A.U. Measurements of 
the absorption of solution^ of different concentrations are therefore 
necessary in such a case, and it was decided to examine the 
absorption of azobenzene in detail before proceeding further with 
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the study of the simple inorganic salts. Azobenzene provides a 
suitable range of dilutions to test the spectrophotometric method 
in the light of Beer’s law : and is a good case to examine with the 
view of finding if the graph connecting molecular extinction- 
coefficients and oscillation frequencies is continuous over the whole 


range of dilutions. The method was found to be satisfactory 
as regards both these questions. 

The azobenzene used in 
the work was repeatedly 
crystallised from alcohol 
until it melted sharply at 
68°. Alcoholic solutions 
were used throughout, 
and a cell of alcohol was 
fixed in front of the vari- 
able sector in order to 
introduce a correction for 
absorption by the solvent . f 
Azobenzene has two prin- ‘z 
cipal bands in its absorp- 
tion spectrum, and these £ 
regions xvere especially 's 
examined. The first band ~ 

—with its head at \4370 3 
—was examined at dilu- 5 
tions of JV/500, iV/1000, J 
and N /2000 : the second ;§ 
band — with its head at 
A3210 — was studied in 
solutions of *Y/20,00U, 

A/40,000, and A7$0,000 
strength. The values 
obtained are expressed in 
Tables I and II, where 
•4=log (///„)*. 

iroiu the results recorded above, it is seen that the molecular 


Osc illation frequencies. 



extinction-coefficient remains the same for a particular wave- 
length, whether a concentrated or a dilute solution is employed. 
Ihe value therefore depends only on the number of molecules of 
solute through which the light is passed, and no dilution effect 
"ill be noted if a compensation cell of solvent is interposed in the 
path of the light falling on the variable sector. Beer's law is there- 
fore obeyed in measurements with the spectrophotometer. 

The absorptions shown by a 1 cm. cell containing A /1000- and 


0 * 
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N /10>0|)0-^zobeiizene werc^a^cxammc^Jo 

^ to plotting the values of molecular extinction-ccefficient* 
Sined over the whole series of dilutions agamst oscdlat.on 
freauencies, a continuous graph is obtained. 

tt will also be noted that the. examination of the absorption 
of azobenzene by the spectrophotometer reveals the presence of 
a th rd band in the extreme ultra-violet region-with its head 
at 54 This shallow band has not been observed m previous 

390; Baly and Hampson, T., 101,>, 197, -48). 

Arsenic Trichloride. 

The trichloride was prepared by the action of chlorine on the 
ine me r ongx It was purified bv 

metal (Dumas, Ami. Phystk, 18-/, |»J, »> “ 1 • 

distillation and the fraction, b. p. 134 , was collected. A solution 
of the chloride in A' -hydrochloric acid was prepared and a concern 
tration of A’/lOO of the chloride was found to be of suitable strength, 
^compensation cell of A-hydrochloric acid was introduced duruig 
the measurement of the absorption, and the MW '’ a ^ 
determined. The substance shows general absorption oj , the 
molecular extinction-coefficients having a range roi 

Table III. 

Arsenic Trichloride. 



A. 

K. 

357 

5‘5 

248 

301 

7*325 

243 

275 

8*750 

240 

259 

10*625 

237 

253 

12*00 

235 


A. 

22*5 

2H-25 


Concentration A/100. 4 cm. cell. 

13*750 « 

16*00 228 

17-50 227 

iy-2r» 

20-025 


Antimony Trichloride. 

The trichloride was prepared from the metal by Hjjg 
method (flee. tree, dim., 1890, 9, 301). It was punted by fract 
distillation and collected at the correct boiling point A - , 
solution in ^-hydrochloric acid was prepared, but dd« 

N / 10 ,000 with the same solvent was iieee*sai\ t o «. 
concentration was obtained. The substance , 

absorption only! the molecular extmction-cocffio 
range from 600—3000. The values determined are gn 
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Table IV. 


Antimony Trichloride. 

Concentration iV/1 0,000. 4 cm. coll. 


X. 

A. 

X. 

A. 

A. 

A. 

417 

550 

283 

1,375 

257 

2,250 

391 

732*5 

270 

1,600 

253 

2,625 

366 

875 

266 

1,750 

251 

2,750 

320 

1,062 

262 

1,925 



302 

1,200 

259 

2,062 




Bismuth Trichloride. 

This chloride was prepared from the pure metal by Muir’s 
method (T., 1876, 29, 144). It was fractionally distilled under 
reduced pressure, but as the boiling point was too high to record 
the chloride was converted into the oxide, and found to be pure 
(1-60 grams gave 1-0565 grams Bi 2 0 3 , w hich corresponds with a 
theoretical 1 -597 grams of chloride). An X /100-solu tion in X -hydro- 
chloric acid was prepared, but dilution to Xj 10,000 was necessary 
to give a suitable concentration. The absorption is characterised 
hv very strong selective action, a deep band with its head at 
,U250 being observed. The molecular extinction-coefficients, 
which cover a range from 2000 — 12,000, are given below. 

Table V 

Bis mu t h Trichloride . 



Concentration A/10,000. 

1 cm. cell. 


A. 

A. 

A. 

A. 

35 ; 

2,930 

335, 307, 244 

7,700 

350, 282, 260 

3,500 

334, 309, 243 

8,250 

347, 292, 254 

4,25o 

332, 312, 242 

9,000 

314, 296, 252 

4,800 

329,316, 240 

10,500 

342, 299, 250 

5.500 

327. 318. 239 

11,000 

338, 303, 247 

6,400 

237 

12,650 

357, 305, 24 6 

7,000 




The values of the molecular extinction-coefficients observed in 
the arsenic- antimony-bismuth group show that this factor increases 
with increase of the atomic weight of the element. The selective 
absorption by the bismuth is remarkable, but it would be unwise to 
submit any explanation of this action until further information is 
collected. It is hoped that after further groups of elements have 
boon examined some numerical connexion between absorption and 
atomic weight will be deduciblc, lmt at the present stage of the 
work no clear relationship can be traced. 

Chemical Research Laboratory, Chemical Department, 

United College of St. Salvator Queen’s University or 
and St. Leonard, Belfast. 

University of St. Andrews. 

[ifccfiVo/, XovcmbiT 'MMh, 1922.] 
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XLV, — The Influence of Papaverine on the Optical 
Activity of Narcotine in Acid Solution. 

By Harold Edward Annett. 

Narcotine in acid solution is dextrorotatory, whilst the free base 
dissolved in chloroform, toluene, or alcohol, is lsevorotatory. 
Papaverine is optically inactive. It would seem, therefore, that 
narcotine could be estimated in admixture with papaverine by a 
polarimetric method. It was found that although papaverine is 
inactive in acid solution, yet when it is added to an acid solution 
of narcotine the optical activity of narcotine is considerably 
diminished. 

Experimental. 

A Hilger polarimctcr, fitted with a D. V. spectroscope eyepiece 
attachment, was used for the investigation. The readings refer 
to the green mercury line unless otherwise specified. The alkaloids 
used were of a high degree of purity, kindly provided by Mr. G. 
Whiffen. The narcotine and papaverine molted sharply at 172 7o 
(175*8° corr.) and 146*75° {148*5° corr.), respectively. 

Series I. — Four grams of narcotine and 1 gram of papaverine 
were dissolved each in 100 c.c. of 1 per cent, sulphuric acid, and 
from these solutions mixtures were made up for polarimetric 
observation. A similar set of solutions was prepared in which 
1 per cent, hydrochloric acid was used instead of 1 per cent, 
sulphuric acid. 

>Sen'es II. — Two grams of narcotine were dissolved in 100 c.c. 
of 1 per cent, sulphuric acid. The rotation of the solution in a 
200-ram. tube was measured. Three portions, each of 25 c.c., 
were removed and to these portions 0T25, 0*250, and 0*500 gram, 
respectively, of papaverine w'ere added, and the rotations again 
observed in the 200-mm. tube. The results of these two sorie* of 
experiments are shown in the attached table. 

Concentration. Grams per 

100 c.c. of acid. Reading in 200-nun. tube at 31“. 

Narcotine, Papaverine. H 2 S0 4 . 1 %. HC1. I %■ 

f2-0 0-0 +2-61° 4-2-23* 

-0*0 0-5 +0-02 -f- O' 02 

12-0 „ + 2-24 + 1-16 

, 2-0 o«u 2 51) — 

0-5 + 2*li> - 

I „ !•() -r 2’ 00 — 

• I „ 2 o -b i-oy — 

30 + 1-49 — 

( „ 4-0 + 1-45 — 


Series No 

I 


II 
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The readings of series I show that (1) papaverine is optically 
inactive in 1 per cent, sulphuric or hydrochloric acid, but when 
present in solution with narcotine it considerably affects the optical 
activity of the latter, ( 2 ) narcotine shows a greater degree of optical 
activity in 1 per cent, sulphuric acid than in 1 per cent, hydrochloric 
acid, and (3) the effect of papaverine on the optical activity of 
narcotine is relatively much greater in solution in hydrochloric acid 
than in sulphuric acid. 

The results with the second series show that each additional 
amount of papaverine diminishes the rotation due to narcotine 
until the ratio of papaverine to narcotine is 3 : 2, and a further 
increase of this ratio to 4 : 2 has much less effect. 

Series III. — It appeared of interest to determine the effect of 
adding a strong base such as sodium hydroxide to an acid solution 
of narcotine, on its optical activity. A solution of 4 grams of 
narcotine in 100 c.c. of 2 per cent, sulphuric acid was prepared 
and from this the following solutions were made up. (a) Twenty - 
five c.c. were diluted to 50 c.c. with water, ( b ) 25 c.c. were diluted 
to 50 c.c, with water after the addition of 10 c.c. of N / 10 -sodium 
hydroxide, (c) 25 c.c. were diluted to 50 c.c. with A/lO-sodium 
hydroxide. These solutions gave the following readings in a 
200 -mtn. tube : 4* 2*56°, 1- 2 01°, and -j- 2*65°, respectively. The 
effect of adding sodium hydroxide is therefore quite different from 
that of addition of papaverine. 

Series IV. — The effect of papaverine in diminishing the optical 
activity of narcotine in acid solution might be explained by the 
formation of associated molecules of the two alkaloids. It was 
therefore of interest to observe the effect of dilution. 

To 40 c.c. of solution (u) under Series ILL above was added 
040 gram of papaverine and this gave a reading of - 7 - 2T9 3 . Ten c.e. 
of this solution were diluted to 50 c.c. with water and then gave 
a reading of 1-0*50°. If dilution had no effect, its reading 
should have been 1 - 2 * 10 " / 5 -= -j- 0*44\ Errors in reading could 
not have accounted for so large a difference. 

It would seem that dilution had almost nullified the effect of 
papaverine on the optical activity of narcotine, since solution (a) 
itself, containing only narcotine, gave a reading of 2*56°, and on 
dilution five times would be expected to give a reading of -f 0'51 c , 
which is practically the figure obtained in the diluted solution of 
narcotine and papaverine. 

Series V.~— It remained to determine whether a similar effect 
would be observed when the free bases were dissolved in 
an inactive solvent, such as toluene. The table sets out the 
results. 
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Cone Crams per 100 c.c. of toluene. 200-mm. 

Narcotine. Papaverine. 

ooo -* 0 § 

000 0-50 f 4 . 82 

1-333 - 4-84 

1*333 1*00 

It is thus seen that papaverine is inactive and tha,t when the 
free haws are present together 

papaverine exercises no effect on the optical activity of naTC ° l “<• 
ITries VI . — Since narcotine is h-evorotatory in a cohohe solution 
and dextrorotatory in acid solution, it appeared of interest to 
determine the effect of mixing an alcoholic solution of nareotu, 
Sth a solution of nareotine in acid. The result was somewhat 

m oTpt of nareotine was dissolved in 100 c.e. of 1 per cent. 

hydrochloric acid (solution -Vl - . , 

One gram of nareotine was dissolved m 2n0 c.e. of 90 per cent. 

ethyl alcohol (solution B). , • ono.mm 

The rotation of each solution was then observed m a -00 mm 
tube using the green line of the mercury arc. The readings obtained 
were + 1 14° and - H3 0 , respectively, at. a temperature of - 
whence [*]&„,„ = + 57-0° and - 203-75°. Twenty-five c.e. o 
I we thinned with 25 c.c. of B and gave areadmgo 
+ 1*43° in the 200-mm. tube at 33°, and since c - - 0 i f or th* 

,»d *■«,«* in 

solution the alkaloid is much more dextrorotatory than in a u 
solution xue M , 1875 476, 195 records a similar 

solution alone. Hc^e unaiui, into, i 

result, but at the time my experiment was made his Nvork 

been overlooked. 

The Specific Flotation of Xarcohne. 

During the course of the above work the specific rotation of 
nareotine was determined in toluene, ethyl alcohol, ^ h ”' c af ; 

and hydrochloric acid, and the measurcmentawerenadeot 

.sodium flame, and for the yellow and green lines of the iOT 
arc For the latter two readings, the D. \ . spectroscope eyrp.ee 
attachment was used. The results are set out below. 

Ethvl alcohol. 

90 Chloroform. 


Solvent. 
Cone. Grams 
per 100 c.c* 
Temp 

Mi, 

* Whit yellow 
MHg gre*n 


Toluene. 

2 

32° 

154 - 5 ° 
- ib2° 


h,so 4 . 

I 


HC1. 
1 %• 


04 2-0 

31° 33° 

- 1980° 

_ - 206*5“ 

_ 203-75° - 242-25° 


2-0 

32“ 

-I- 57-25“ 
-f 65-2“ 


1-0 

29 “ 

- 50-0’ 
+ 52-f 
+ 56-5° 
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The toluene and chloroform used were A.R. reagents, freshly 
supplied by Messrs. The British Drug Houses Limited. Hesse 
{he. cit.) gives a if 1 ' = — 207*35° for narcotine in chloroform 
solution (c = 2 to 5). For narcotine in hydrochloric acid solution, 
he gives cqf 5 ' = + 50*0°, a figure exactly agreeing with that 
found by the author. 

Summary. 

1. Papaverine is shown to be optically inactive both in acid 
solution and in an inactive solvent. 

2. The specific rotation of narcotine in various solvents for the 
podium flame and for the yellow and green lines of the mercury 
arc have been determined. 

3. Although papaverine is itself inactive, yet when it is added 
to a solution of narcotine in 1 per cent, sulphuric acid it causes a 
rapid diminution of the optical activity of the solution. The 
effect increases with each successive addition of papaverine until 
the ratio of papaverine to narcotine is 3 : 2, after which an increase 
in the ratio to 4 : 2 has only a slight, if any, influence. The effect 
was observed in solutions containing 2 per cent, of narcotine, and 
when the solutions were diluted to 0*4 per cent, the effect was 
much less marked. 

It would appear that in acid solution narcotine and papaverine 
form associated molecules, which become dissociated on greater 
dilution. 

4. The optical activity of narcotine is less in hydrochloric acid 
than in sulphuric acid, but on the other hand the effect of papaverine 
on the optical activity of narcotine is relatively much greater in 
the former than in the latter. 

5. No effect is observed when the free bases are present together 
in an inactive solvent such as toluene, so that it would seem that 
acid is necessary in order to cause an alteration in the structure of 
the narcotine molecule. That such alteration must take place in 
acid solution is indicated by the fact that the free base is laevorotatory 
in an inactive solvent and strongly dextrorotatory in acid solution, 

6. Although narcotine is laworotatorv in ethyl alcohol solution and 
dextrorotatory in acid solution, an acid alcohol solution is much 
more dextrorotatory than the solution of narcotine in acid alone. 

The author's work is admittedly only introductory, but circum- 
stances do not allow a further prosecution of work along these 
lines at present. It is in the hope that others may be attracted to an 
interesting field of research, that these results have been published. 

The Agricultural College, 

Cawxpore, U.P., India. 


[tfem’m/, December 4th, 1922.] 
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BARNETT AND MATTHEWS : 


XLVL — Studies in the Anthracene Series, Part IV. 

By Edward de Barry Barnett and Marcus Aurelius 
Matthews. 

According to Liebermann and Gimbel (Ber. } 1887, 20, 1854), the 
reduction of anthraquinone in glacial acetic acid suspension by 
tin and hydrochloric acid leads either to anthronc (compare also 
K. Meyer, Annalen, 1911, 379, 55) or dianthranyl * according to 
the experimental conditions used. At a later date, Eckert and 
Hofmann ( Monatsh ., 1915, 36, 497) repeated the work of Lieber- 
rnann and Gimbel, but appear to have failed to obtain dianthranyl. 
They state, however, that dianthranyl is easily obtained by modify- 
ing the experimental conditions and give details of the preparation 
in which anthraquinone, suspended in boiling glacial acetic acid, is 
reduced by tin and hydrochloric acirl in the presence of a trace of 
a platinum salt. We may say at once that wc have repeatedly 
attempted to obtain dianthranyl according to these directions, but 
in every case have found that the sole product of the reduction is 
anthrone. Only in one experiment, in which the reduction was 
prolonged for several hours beyond the period specified by Eckert 
and Hofmann and in which it was carried out in a current 
of oxygen, was any dianthranyl isolated, and the yield in this 
case was very small. Neither have we been able to obtain 
dianthranyl by following the directions of Liebermann and 
Gimbel, although, judging by the fluorescence of the solutions 
obtained, it would seem that dianthranyl is produced in very small 
amount. 

In view of the difficulty experienced in obtaining dianthranyl 
from anthraquinone by reduction with tin and hydrochloric acid 
a series of experiments was initiated in order to ascertain if it 
could be obtained by means of a different reducing agent, and at 
the same time an examination was also made of the behaviour 
of dianthrone on reduction. The present communication contains 
an account of this work, together with some account of the properties 
of dianthrone. 

Anthrone (I) is very stable towards reduction with tin and 
■hydrochloric acid in glacial acetic acid solution, with or without 
the addition of platinum, and is scarcely changed even after eight 
hours' treatment under these conditions. On the other hand, it is 

* In the literature the name “ dianthryl ” is usually given to this com- 
pound, but as the two anthracene ring systems arc joined through the view- 
carbon atoms the correct name is “dianthranyl” (Beils to iu : “ Handbuch 
der organischen Chemie,” 4th Ed., Vol. 1, p. 942). 
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readily reduced by zinc and hydrochloric acid and then undergoes 
the pinacol condensation. The resulting pinacol (II), however, 
cannot be isolated, as it loses water in two directions, giving 
dianthranyl (III) and the a-pinacolin (IV) : 


ch 2 <$;>co 

(!•) 


CH 2 <^H*>C(0 H )'C(0H)<^Hi>CH 2 


0H 2 <^ 6 h 4 >C— C<^‘^>CH 2 CH: 


(II.) 

.CJI., 


\ 


C.H.- 


(IV.) 


‘V / C-C(--^CH 
'C 6 H/ \c,H/ 

(III.) 


Schulze (Ber. t 1885, 18, 3034), who isolated the pinacol by 
reducing anthraquinone with zinc dust and ammonia, stated that 
it passed into dianthranyl by loss of water when heated with acetyl 
chloride. He, however, only established the formula of the pinacol 
by taking the mean of three analyses in which the values for carbon 
and hydrogen varied between 85*79 and 86*86 per cent, and 5*56 
and 6*23 per cent., respectively, and hence his results can scarcely 
be accepted. 

The a-pinacolin is easily separated from the dianthranyl by 
taking advantage of the different solubilities of the two compounds 
n toluene. On prolonged boiling with hydrochloric acid in acetic 
icid solution, the ethylene-oxide ring appears to open with the 
formation of the pinacol (fl) which, however, at once loses water 
and passes almost quantitatively into dianthranyl. Hence if the 
reduction of anthrone with zinc and hydrochloric acid is sufficiently 
prolonged (about eight hours), the sole product obtained is dian- 
thranyl, the yield of the recrystallised product being upwards of 
90 per cent, of that theoretically possible. This production of 
dianthranyl, together with the refusal of the compound to form 
cither an acetate or a benzoate, supplies the necessary proof of 
the ethylene oxide structure. 

In view of the ease with which anthrone (I) passes by tautomeric 
change into anthranol (V), it seemed possible that a somewhat 
similar change of the three-carbon type might take place in the 
case of the a-pinacolin (IV), simultaneous rupture of the ethylene- 
oxide ring leading to an ether (VI), 
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The fact that the a-pinacolin is strongly fluorescent although it 
contains no “ bridge ” bond favoured this view, but no experi- 
mental proof of the existence of the ether has as yet been obtained. 
In view of the marked fluorescence of the a-pinacolin it was deemed 
advisable to study the behaviour on reduction of some anthronc 
derivative in which no labile hydrogen atom was present. Di- 
benzylanthrone was selected for this purpose, as it is readily 
obtained by condensing benzyl chloride with anthrone (Hallgarten, 
Ber., 1888, 21, 2508). It was found to be much more resistant 
than anthrone to reduction with zinc and hydrochloric acid, but 
by substituting zinc dust for the granulated metal it is readily 
converted into an a-pinacolin derivative (VII), although the 
corresponding diphenylanthrone on reduction with zinc and acetic 
acid gives only diphcnyldihydroanthracene (T/iebennann and 
Lindenbaum, Bet., 1905, 38, 1803). 

c 6 h 4 c 6 h 4 

(CHjPh)jC(^ ^CiOHjPh), (VII.) 

Xh 4 C s H 4 

This a-pinacolin was also found to be strongly fluorescent, although 
there is no possibility of the presence of a bridge ” bond. Since 
neither anthrone nor dibenzylanthrone shows any fluorescence, the 
fluorescence of these a-pinacolins must be derived from the ethylene 
oxide part of the molecule, and may be connected with the presence 
of the two spirocyclic carbon atoms. In connexion with the 
reduction of dibenzylanthrone, it is perhaps worth noting that 
the reaction is accompanied by the production of a very transient 
orange colour. According to Meerwcin (Annakn, 1913, 396, 214), 
the pinacolin change is always preceded by the loss of water and 
the momentary formation of a free radicle, and if this view is 
correct the transient orange colour may be due to the change from 
the free radicle to the a-pinacolin being rather slower than is usually 
*tlx@ case. 

It is remarkable that dianthranyl had previously been prepared 
by several investigators, reference to whose work has been made 
in the foregoing, and that they all give its melting point as 300 . 
The present investigation, however, has shown that this figure is 
much too low, as the properly purified hydrocarbon docs not melt 
at 360°. The substance described in the literature must therefore 
be an impure mixture, and this view is supported by statements 
made by previous investigators with regard to it. Thus Lieber- 
mann and Gimfiel {loc. ciO state that their dianthranyl, when 
treated with exactly two molecules of bromine in cold carbon 
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disulphide solution, gives chiefly dibroi no dianthranyl together with 
some dibromoanthracene. Although, as is shown in the sequel, 
the dianthranyl ring system is unstable under some conditions and 
tends to break down, it is improbable that this change would take 
place under the experimental conditions specified, and it is much 
more probable that the dibromoanthracene obtained by Lieber- 
mann and Gimbel originated with anthracene present as an impurity 
in the dianthranyl, more especially as Liebermann and Gimbel 
themselves state that their method of preparing dianthranyl leads 
to the simultaneous production of considerable amounts of anthr- 
acene. Further, Gimbel ( Ber 1885, 18, 2433) states that the 
analysis of dianthranjd derivatives is very difficult and almost 
always leads to low values for carbon and nitrogen. It is probable 
that these low values are to be attributed rather to the great 
difficulty of obtaining the compounds pure than to any inherent 
difficulty in the analytical operations. Finalfy, all previous 
investigators have described dianthranyl as being yellow, whereas 
when purified by our method it is quite colourless. It is also 
remarkable that although all previous investigators have purified 
their product by recrvstallisation from toluene, none of them 
appears to have observed that dianthranyl separates from this 
solvent with toluene of crystallisation, although the crumbling of 
the crystals on drying is very noticeable. 

As is well known, the “ bridge ” bond in the anthracene ring 
system acts almost exactly like a double bond in many respects. 
If it be regarded as equivalent to a double bond, then the niefto- 
oarbon atoms in dianthranyl form a conjugated system and bromine 
might be expected to add on to the extreme ends of the system, 
giving a dibromide (VIII) which would not lose hydrogen bromide : 

0,H, C 6 H, 

(VIII.) HBrC^ W ' CliBr 
\ / \ / 
c,H 4 c„h 4 

Experiment has shown, however, that when dianthranyl is treated 
with exactly one molecular proportion of bromine torrents of 
hydrogen bromide are at once evolved and a mixture of dibromo- 
dianthranyl and unchanged dianthranyl is formed. 

The greater resistance shown by anthrone to reduction with tin 
and hydrochloric acid as compared with zinc and hydrochloric acid 
led us to compare the behaviour of anthraquinone under similar 
conditions. Liebermann and Gimbel (loc. cit.) and K. Meyer 
(lor. cif.) have described the preparation of anthrone by reducing 
anthraquinone, suspended in glacial acetic acid, with tin and 
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hydrochloric acid, and we have prepared considerable amounts of 
anthrone by this method and have found that the reaction proceeds 
rapidly and smoothly. If, on the other hand, zinc is substituted 
for tin, reduction only takes place very slowly. Anthrone seems 
to be formed as an intermediate product, but is then rapidly reduced, 
so that when the whole of the anthraquinone has disappeared 
almost the sole product obtained is dianthranyl. 

The reduction of dianthrone (IX) by tin and hydrochloric acid 
in the presence of a small amount of a platinum salt has been 
described by Eckert and Hofmann ( loc . cit.) } who state that they 
obtained a compound which melted at 150 — 153°. This they 
regarded as tetrahvdrodianthranol (X) and quote analyses in 
agreement (Found : C = 85*8 ; H = 5*86 per cent.). 

C0<3#>CH-CH<M 4 >C0 (IX.) 

OH-OH<p 6 S 4 >CH , CH<p 6 tJ 4 >CH'OH (X.) 
l/ 6 rl 4 

They further state that when the compound is heated alone or 
with acetic anhydride it loses water and gives dianthranyl. We 
have repeated their experiments and find that the reduction of 
dianthrone certainly leads to a compound melting at 154°, but 
this compound does not pass into dianthranyl by loss of water. 
Further, it is easily soluble in boiling dilute sodium hydroxide 
solution, and we have fully identified it as anthrone by direct 
comparison with a sample of anthrone obtained from another 
source, and by the preparation of anthranyl acetate and benzoate 
and of dibenzylanthrone, and the comparison of all these with 
samples of the same substances made from anthrone prepared 
by a different method. It is rather difficult to understand the 
mistake in identification made by Eckert and Hofmann, as 
there is an appreciable difference in the percentage composition of 
anthrone and tetrahydrodianthranol (C 14 H l0 O requires C = 86 , 6; 
H = 5*15 per cent. C 28 H 22 0., requires € - 86*1 ; H — 5*64 per 
cent.). 

The production of anthrone by reducing dianthrone is a very 
remarkable reaction, for, as will be seen from the formulae, both 
carbonyl groups remain unaltered while rupture of a bond between 
two carbon atoms takes place. The reaction is all the more curious 
when it is remembered that dianthrone is a very stable compound 
and can be recrystalliscd unchanged from boiling concentrated 
nitric acid. Alsp the tendency to form dianthrone from anthrone 
or anthranol ia very great. Thus Dimroth (Ber., 1901, 34, 222) 
obtained it in quantitative yield by oxidising anthranol with 
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ferric a Monde, and Padova obtained it by treating anthranoi with 
phonanthraquinone (Compt. rend., 1909, 149, 217) or sulphur 
{ibid., 1908, 148, 292), We have also obtained it as the sole 
product when attempting to condense triphenylcarbinol with 
anthrone in the presence of zinc oMoride. 

The great ease with which anthrone is formed from dianthrone 
by reduction shows, however, that the dianthranyl ring system 
must become unstable under certain conditions. Further examples 
0 £ this instability are to be found in the literature, as Sachse {Bet., 
1888, 21, 1183) has found that dianthranyl, by treatment with 
chlorine or bromine, gives dichloro-(or broino-)anthracene dichloride 
(or dibromide), although, as previously pointed out, these results 
are possibly to be attributed to anthracene present as an impurity 
in the dianthranyl used. More definite evidence lies in the pro- 
duction. of dihydroanthracene by the reduction of dianthranyl by 
hydriodic acid and red phosphorus at 200°, and the easy and 
complete conversion of tetrahydrodianthranyl into dibromo- 
anthracenc by the action of bromine in carbon disulphide solution 
(Sachse, Ber., 1888, 21, 2512). 

If the single bond which joins the two anthracene ring systems 
iu dianthrone shows certain lack of stability, the corresponding 
double bond in dianthraquinone (XII) should be even less stable. 
The change in colour from yellow to green on warming solutions of 
dianthraquinone may be due to a tendency of the double bond to 
rupture with the formation either of a free radicle containing two 
carbon atoms in the tervalent state, or, more probably, of a substance 
in which the two free valencies only partly satisfy one another 
(compare Scholl, Ber., 1921, 54, [12], 2376). The fact that di- 
anthraquinone can be recrystallised unchanged from fuming nitric 
acid is against this view, but some evidence has been obtained 
which points to a tendency of dianthranyl derivatives to dissociate. 
We are endeavouring to obtain more definite proof of this and 
therefore reserve further discussion for a future communication. 

Since dianthrone is easily obtained from anthracene f>y treating 
it with nitric acid iu acetic acid (Dimroth, loc. cit.), the reactions 
described above provide a ready means of preparing both anthrone 
and dianthranyl, the former being conveniently obtained directly 
from anthracene without isolating any intermediate product. 
Details of these preparations will be found in the experimental 
part of this communication, but it may here be remarked that this 
method of preparing anthrone is more convenient and more 
economical than the method previously described by one of us 
(Barnett and Cook, T., 1921, 119, 906) in which dihydroanthra- 
(juinyl dipyridinium dibromide is prepared as an intermediate stage. 
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The enoiisation of dianthrone (IX) to dianthranol (XI) takes 
place much less readily than the corresponding change of unthrone 
(I) to anthranol (V). 


/C 6 H 4X y C 6 H 4X 

OH-Cf OOC< /C*OH 

\C 6 h/ 

(XL) 


s C c H/ 


co <g:> c:c <« : » : > c ° 

(XII.) 


Thus anthrone dissolves easily in hot dilute solutions of alkali 
hydroxides, whereas dianthrone only dissolves in alcoholic solutions, 
or in aqueous solutions when heated under pressure. K. Meyer 
and Sander (Annalcn, 1913, 396, 140) have shown that anthrone 
is almost completely enolised in pyridine solution, and indeed in 
many cases pyridine seems to favour the enoiisation of ketonic 
compounds. Thus Claiscn (Annahn, 1896, 291, 106; 1897, 297, 
2; Ber., 1900, 33, 1243) has shown that ethyl acetoacetate and 
other similar compounds give 0-acyl derivatives on treatment with 
acid chlorides in the presence of pyridine, and other examples could 
be cited. It therefore seemed probable that dianthrone would be 
enolised by this reagent, and experiment has fully justified Ibis 
view, enoiisation being practically complete after boiling for two 
hours. Since dianthranol (XI) is easily oxidised to dianthraquinone 
(XII), this reaction has rendered the preparation of this interesting 
compound easy. The oxidation can be effected by ferric chloride*, 
potassium permanganate, or potassium hypoiodite (H. Meyer, 
Monatsh., 1909, 30, 174; D. R.-P. 223,210), or by potassium 
persulphate or hydrogen peroxide (II. Meyer, Bondy, and Eckert, 
ibid., 1912, 33, 1447), but wc have found that in the laboratory it 
is more convenient to effect the oxidation by adding bromine to 
the cold suspension of dianthranol in pyridine. Under these 
conditions, the dianthraquinone is obtained as an additive compound 
with pyridine, but this is easily decomposed by acid. 

Padova ( Cwnpt . rend., 1909, 148, 290) has stated that diant lira - 
quinone is also obtained when dianthranol is oxidised in pyridine 
solution with amyl nitrite. He gives no experimental details and 
his statement has been contradicted by H. Meyer, Bondy, and 
Eckert (loc. cit.), who claim to have proved that the product 
obtained by Padova was nothing but a mixture of anthraquinone 
and unchanged dianthranol. Wo have examined the reaction and 
find that Padova's claim is correct and that dianthraquinone is 
easily obtained when a boiling pyridine solution of dianthranol is 
treated with amyl nitrite. Nitrogenous products, however, an* 
formed at the same time and these are at present under investig- 
ation, Padova's' description of the properties of dianthraquinone 
is quite erroneous. 
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Experimental. 

Dianthrone. The preparation of dianthrone by the action of 
nitric acid on anthracene has previously been described by Dimroth 
(foe. at.), who, however, gives very scanty details of the preparation. 

results^ 6 f0lmd ^ ° ° Wing method to « ivc "*7 satisfactory 

One hundred grams of technical refined anthracene (about 
!)u per cent.) is powdered as finely as possible and suspended in 
4W C.C. of glacial acetic acid. Thirty-five c.c. of concentrated 
nitric acid (d 1_420) are then run in fairly rapidly, the whole being 
well shaken The anthracene slowly dissolves and the temperature 
rises to about 30 , but unless it tends to rise above this point cooling 
is not necessary. After keeping for about forty minutes with 
occasional shaking, the solution is filtered from a little undissolved 
anthracene, and the clear filtrate heated on the water-bath under 
reflux for one to one and a half hours. Torrents of nitric oxide 
are evolved and dianthrone crystallises out from the hot liquid. 
Without cooling, this is collected and washed with a little glacial 
acetic acid. The yield is about 60 grams and the substance is 
almost pure. By boding the filtrate for a few minutes under reflux 
and then cooling, a further amount (25-30 grams) is obtained, but 
this is always less pure and contaminated w ith anthraquinone. 

In the majority of our experiments wo employed a particularly 
hue sample of commercial anthracene which was obtained from the 
booth Metropolitan Gas Co., and the crude dianthrone then formed 
gis enrng, yellow crystals which gave a negative result when tested 
for anthraquinone by the usual anthraquinol test. When samples 
of commercial anthracene obtained from other sources were 
employed, it was found that the dianthrone was always contamin- 
ted with anthraquinone. The separation of these two compounds 

i f u , b V tak ". ,g adva,M!, f- ,c ^ the fact that dianthrone 
k unaffected by bodmg with zinc dust and dilute sodium hydroxide 
'ihcrcas, as is well known, anthraquinone is reduced to anthra-’ 
fluino , which dissolves m tl.e alkali. The impure crude dianthrone 

ofdil, l f' rCf T' r TT J \ , ° llcd " i,h zi,lc dust aiKl large volumes 
of dilute sodium hydroxide until such treatment no longer produced 

» red solution. After washing, excess of zinc dust wasZo" Id 

timlhM? n° U T <U ! U ! C hydiwMoric add, and the dianthrone 
, ' U ‘ u Was !' cd and dn ? d 1*' the oven. Thus obtained, it formed 
SaiKl >- f )0 " dir "hh'h is quite pure enough for most 

ritlr 7 ' ^ ra " 0k f" k ° U , " r a 1 1 1 S <>f 'haolhroiie were boiled under reflux 

flark-eolon°',i 0f T?™ hoUrs ‘ °“ ‘he resulting 

red solution, dianthranol separated in tine leaflets, 
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which were very difficult to filter. It was identified by its easy 
oxidation to dianthraquinonc, by its solubility in alkali hydroxide 
solutions, and by the preparation of the diacetate and dibenzoate. 

Dianthrayiol Diacetate , — Five grains of dianthrone were enolised 
by boiling with pyridine as described above. The solution was 
then cooled as rapidly as possible and the resulting suspension of 
dianthranol treated with 7 c.c. of acetic anhydride. The dian- 
thranol dissolved almost at once and after heating on the water-bath 
for thirty minutes the whole was kept at the ordinary temperature 
over-night. The yellow crystals were then collected and twice 
recrystallised from glacial acetic acid. This acetate has previously 
been prepared by H. Meyer (Monatsh., 1909, 30, 165) by heating 
dianthranol with acetic anhydride and sodium acetate, and hi 
gives the melting point as 273—275°. Eckert and Hofmann 
(ibid., 1915, 36, 501), who obtained it by oxidising dianthranyl 
with lead dioxide in glacial acetic acid solution, give the melting 
point as 284°. Our sample melted at this latter point after darken- 
ing and sintering at about 275°. The melting point was not 
changed by further recrystallisation from either glacial acetic acid 
or alcohol. 

Dianthranol Dibenzoaie . — Benzoyl chloride (10 c.c.) was added 
drop by drop to a cold suspension of dianthranol in pyridine, 
obtained as described above from 10 grams of dianthrone. The 
dianthranol dissolved, and on keeping over-night at the ordinary 
temperature a yellow precipitate separated. This was collected 
and washed first with pyridine and then with ether. It was then 
thoroughly triturated with cold sodium carbonate solution, washed 
with a large volume of cold water, and finally dried for several days 
in a vacuum desiccator (Found : C — 85*0 ; H = 4*45. C 42 H 26 04 
requires C = 84-9 ; H = 4*38 per cent.). Dianthranol dibenzoate 
forms a sulphur-yellow powder which darkens on exposure to light. 
It call be recrystallised from aqueous pyridine or a mixture of 
benzene and light petroleum. It does not melt below 350°. 

Dianthraquinonc. — (a) Ten grams of dianthrone were enolised by 
boiling with 75 c.c. of pyridine as described above. The cold 
suspension of dianthranol was then treated slowly with a solution 
of 4*2 grams of bromine in 25 c.c. of pyridine. The addition of 
each drop of the bromine solution produced an intense green colour, 
but this vanished rapidly on shaking. After the bromine had 
been added, the whole was kept at the ordinary temperature for 
an hour, and the crystals then collected and washed first with 
pyridine and then with ether. The product thus obtained is well- 
crystallised and ‘appears to be an additive compound of dianthra- 
quinone and pyridine, as it contains nitrogen but no bromine and 
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docs not become green on rubbing. Owing to its instability, it 
could not be purified for analysis. The pyridine is lost on washing 
with water, but the dianthraquinone is then obtained in a very 
finely divided state and is almost impossible to filter. The best 
method of decomposing the additive compound is to add it little 
by Uttle to boiling dilute hydrochloric acid. The yield of dianthra- 
quinone is about 7 grams, and by pouring the pyridine liquors into 
a large volume of dilute hydrochloric acid a further 2 5 grams of 
rather less pure material can be obtained. It can be recrystallised 
from boiling xylene, in which, however, it is but sparingly soluble. 

(b) Ten grams of dianthronc were enolised by boiling with 
pyridine as described above, and to the still boiling solution 10 c.c. 
of amyl nitrite were added fairly rapidly from a dropping funnel. 
The whole was boiled vigorously for a further period of fifteen 
minutes and the green solution then cooled. The dianthraquinone 
was collected and purified as described above. 


Reduction of Dianthrone . Preparation of Anlhrone. — One hundred 
grams of dianthrone, 75 grams of granulated tin, 500 c.c. of glacial 
acetic acid, and a few drops of a dilute solution of platinum chloride 
were boiled under reflux, and 50 c.c. of fuming hydrochloric acid 
slowly added. The whole of the dianthrone dissolved in about 
forty minutes and the boiling was continued for a further period 
of twenty minutes, and the hot solution then filtered. After 
cooling, the anthrone was collected and washed first with glacial 
acetic acid, then with hot dilute hydrochloric acid, and finally with 
water. The yield was 77 grams, and a further 15 grams of rather 
less pure material were obtained by diluting the acetic acid liquors 
After drying m a vacuum desiccator, the sample melted at 154° 
alone or mixed with anthrone obtained from another source In 
order to complete the identification, part of the anthrone’ was 
converted into anthranol acetate and benzoate, and these were 
identified by the method of mixed melting points. The acetate 
was made by dissolving 5 grams of anthrone in 35 c.c. of pvridine 
and then adding 5 c.c. of acetic anhydride. After heating on the 
water-bath m a current of carbon dioxide for two hours, the solution 
v as diluted with water and cooled. The precipitate was collected 
a,K ] tWi r ^rystalliscd from alcohol. Tt then sintered 
Ifl meIted at 132-134°. This is a more convenient 
method of preparation than that described by Liebermann and 

IZV' 1882 ’ 212 ’ 8; n ' r - m0 ' 9 *1202), who heated 

amhrone with acetic anhydride at lUO-lTO’ i„ a SO a]ed t„l, P . 

py give the melting point of the acetate as 120- 131° 

Jr W * 3 prc ' pared in PVidine solution by means of 

y l ridonde (5 grams of anthrone, 3o c.e. of pyridine, and 
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5 c.c. of benzoyl chloride), but the solution was only warmed very 
gently for ten minutes. It is best purified by recrystallisatkm 
from a mixture of one volume of pyridine and three volumes of 
alcohol, and then melts at 170 — 172°. Padova ( Compt . rend., 
1906, 143, 121), who prepared it by boiling anthranol with benzoyl 
chloride in pyridine solution, gives the melting point as 163 — 165°. 

In the above preparation of anthrone, granulated zinc can be 
substituted for the tin, but if this is done it is essential to stop 
the reaction as soon as the dianthronc has dissolved, as otherwise 
the reaction will go too far. 

For the preparation of anthrone, it is quite unnecessary to isolate 
the dianthrone, and excellent results are obtained if anthracene 
(20 parts) is dissolved in acetic and nitric acids as described on 
page 387 and the filtered solution then heated first on the water- 
bath and then to boiling under reflux until no more gas is evolved. 
The nitric oxide is then removed by a current of carbon dioxide, 
and, without cooling, granulated tin (10 parts) and a few drops of 
a platinum chloride solution are added. The reduction is then 
carried out as described above. The yield of anthrone is 17 parts, 
and further amounts can be obtained by concentrating or diluting 
the liquors. The anthrone thus obtained is slightly yellow in 
colour, but is quite pure enough for almost all purposes. 

Reduction of Anthrone. Preparation of Diantkranyl. — (a) Twenty- 
five grams of anthrone and 15 grams of granulated zinc were boiled 
under reflux with 125 c.c. of glacial acetic acid, and 15 c.c. of fuming 
hydrochloric acid added drop % drop. After about fifteen minutes, 
glistening crystals began to separate from the boiling solution, and 
at the end of a further hour the solution had become pasty. The 
reaction was then stopped, and after cooling, the crystals were 
collected and w r ashed with glacial acetic acid, dilute hydrochloric 
acid, and water. The product was dried in the steam-oven and 
then dissolved in boiling toluene. The filtered solution, on cooling, 
deposited glistening, yellow crystals of the toluene additive com- 
pound of dianthranyl, but these lost their toluene and fell to a 
powder on drying in the steam -oven. The yield was 9 grains. 
For analysis, it was rccry^stalliscd three times from pyridine and 
then once from carbon tetrachloride and once from benzene. It 
then formed a snow-white, crystalline powder which did not melt 
at 360° (Found : C — 94 ‘5; H = 5*31 ; M (naphthalene solution) 
— 342. Calc., C = 94*9 ; H = 5*09 per cent. ; Jf = 354). The 
purification by means of carbon tetrachloride and benzene is very 
troublesome owing to the slight solubility of dianthranyl in these 
solvents, but unless these solvents were used it w*as found impossible 
to obtain a pure substance. 
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The toluene liquors from which the dianthranyl had separated 
were concentrated by distillation and finally taken to dryness on 
the water-bath in a vacuum. The residue was thoroughly washed 
with ether and recrystallised from a mixture of methyl ethyl ketone 
and alcohol, and then formed an almost colourless, crystalline 
powder. The yield was 9 grams. For analysis, it was recrystallised 
successively from a mixture of chloroform and light petroleum, 
pyridine and water, pyridine and absolute alcohol, and finally 
from a mixture of benzene and ether. It then melted sharply at 
219° and the melting point was not changed by several subsequent 
crystallisations from various solvents (Found : C = 90*0 ; H ™ 
y47. C2gH 2() 0 requires C--90‘3; H =- 5*38 per cent.). 

a- A nth rap i na coli n ( Ethylene Oxide dispiro-9 : 10 : 9' : 10 '-Dikydro- 
anthracene) (Formula IV) is almost insoluble in alcohol, ether, 
acetone, or light petroleum, but easily soluble in most other media. 
Its solutions, especially those in the aromatic hydrocarbons, exhibit 
a violet fluorescence which is redder and Jess strongly marked than 
that shown by dianthranyl. It gives an acetyl derivative neither 
when heated with pyridine and acetic anhydride nor when boiled 
with acetic anhydride and sodium acetate under reflux. Two 
grams, when boiled under reflux for eight hours with 50 c.c. 
of glacial acetic acid with the slow addition of 15 c.c. of fuming 
hydrochloric acid, passed into dianthranyl, the yield of the 
reorystalliscd hydrocarbon bring 1*4 grams. 

(6) Twenty grams of anthrone, 20 grams of granulated zinc, and 
100 c.c. of glacial acetic acid were boiled under reflux for eight 
hours, 40 c.c. of fuming hydrochloric add being added slowly 
during the first five hours. After cooling, the precipitate was 
collected, washed, dried, ami recrystallised from toluene. The 
yield of dianthranyl was 16 grams, and on evaporating the toluene 
liquors to dryness no a-pinacolin was found. This is the best 
method of preparing dianthranyl, as although it can be obtained 
directly from anthracene with nut isolating the anthrone the method 
is not satisfactory. 

Redaction of Dibenzylantkrone .— Dibcnzy lan throne was prepared 
from anthrone and benzyl chloride according to the directions 
given by Hallgartcn {he. cit.). The yield of the crude product was 
29 grams from 40 grams of anthrone. It was purified by reerystal- 
lisation first from aqueous pyridine and then from a mixture of 
benzene and light petroleum. The purified product melted at 
227’, and the melting point was not changed by further recrystal- 
lisation from a mixture of chloroform and light petroleum. The 
melting point given by Hallgartcn, 217*, is therefore too low. 
len grams of pure di benzyl anthrone were boiled under reflux 
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with 50 c.c. of glacial acetic acid. To the boiling solution 5 grains 
of zinc dust were added in three portions, and 5 c.c. of fuming 
hydrochloric acid dropped in slowly. The addition of each drop 
of acid gave rise to a transient orange colour. At the end of three 
hours the reaction was stopped, and after cooling, the precipitate 
was collected, washed with dilute hydrochloric acid and water, 
and dried in a vacuum desiccator. The crude product was 
thoroughly washed with ether, which removed substances having 
low melting points, and then extracted with boiling benzene so 
long as the extracts showed a strong fluorescence. The united 
extracts were diluted with light petroleum, and the resulting 
almost colourless precipitate was dissolved in boiling pyridine and 
boiled with animal charcoal for an hour. The clear filtrate was 
diluted with alcohol and then a little water added. On cooling, a 
colourless, indistinctly crystalline powder separated which sintered 
at 235° and melted indefinitely at 260 — 270°. It was analysed in 
this state, and was then reerystallised from a mixture of toluene 
and light petroleum and again analysed, although the melting 
point had not altered (Found : C = *92 *0, 92*1 ; H = 6*10, 6-1 fi. 
Cf, 6 H 44 0 requires 0 = 91*8; H = 6*01 per cent.). 

Tetrabenzyl-a-anthrapinaeolin (formula VII) is very easily 
soluble in most media, but is almost insoluble in ether or light 
petroleum. Its solutions exhibit a vivid blue fluorescence. 

[With Ronald Francis Hurt.] 

Khotinsky and Pat ze witch (Ber., 1909, 42, 3104) have shown 
that triphenylcarbinol c ondenses easily with pyrrole under the 
influence of zinc chloride and gives an almost quantitative' yield of 
triphenylpyrrylmethane. In view of the reactive nature of the 
meso-hydrogen atoms in anthrone, it seemed possible that a similar 
condensation might take place between this compound and tri- 
phenvlcarbinol, with the formation of triphenylniothylantlmm^ 

CPh 3 -CH<£«!ji>('0. 

Such a compound would be of considerable interest as it, or its 
enolic isomeride, would tend to dissociate into free radicles. 
Attempts were therefore made to condense triphenylcarbinol with 
anthrone, hut the sole product obtained was dianthrone. It would 
therefore appear that triphenylcarbinol acts as an oxidising agent. 
This seems scarcely likely, and a more reasonable explanation is 
that triphenyime.thylanthrone is actually first formed and then 
dissociates into triphenylmethyl and an anthronyl radicle, two of 
these latter subsequently uniting to form dianthrone. It may he 
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pointed out that a similar reaction may possibly account for the 
abnormal production of dianthrone and free bromine when bromo- 
ant krone is treated with certain amines (Barnett, Cook, and 
Grainger, 1\, 1922, 121 , 2063). In these cases, a quaternary salt 
is probably first formed, which then dissociates into free radicles. 
The reaction is simplest in the case of dimethylaniline, and in this 
case can be represented as follows : 

P w * Br 

C0<^OCH-NMe 2 PhBr -* CO<<$*>CH- + -^Ph 

NMe 2 Ph H- Br. 

lhis explanation is put forward w ith some reserve, pending a more 
detailed examination of the reaction. As one of us (R. F. H.) is 
unable to continue the work, it is thought best to publish this 
short note and reserve a fuller discussion for a future occasion. 

Ten grams of anthrone, 13 grams of triphenylcarbinol, and 
about 10 grams of zinc chloride were boiled under reflux with 
400 c.c. of glacial acetic acid for eight hours, a current of carbon 
dioxide being passed during the whole time to prevent oxidation 
by atmospheric oxygen. After cooling, the precipitate was col- 
lected and recrystallised several times from a mixture of chloroform 
and light petroleum. The resulting colourless crystals were 
identified as dianthrone by direct comparison with a sample of 
the substance from a dilferent source, by the usual colour reactions 
and by a quantitative oxidation to anthraquinone (Found: 
anthraquinone = 107*1. Calc., 107*8 per cent.). 

Summary. 

(i) Anthrone is very stable towards reduction with tin and 
hydrochloric acid, but is easily reduced by zinc and hydrochloric 
add, and then gives a mixture of a-anthrapinacolin and dianthranvl, 
the former passing into the latter on further treatment with 
hydrochloric acid. 

(ii) Dianthrone on reduction with hydrochloric acid and either 
tin or zinc passes into anthrone. 

(iii) Dianthrone is almost completely enolised to dianthranol bv 
boiling with pyridine. 

(iv) Convenient methods for the preparation of anthrone (direct 
Iom anthracene), dianthrone, dianthranol, dianthraquinone, and 
dianthranyl have been worked out. 

M Some evidence has been accumulated which points to a 
tendency on the part of the mew-carbon atoms of the anthracene 
rui g system to act in the ter valent state. 
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XL VII. — Derivatives of Semioxamazide* Part 1, 
Ketonic Semioxamazones . 

By Forsyth James Wilson and Eric Charles Pickering. 

Semioxamazide, NH a vN\H*CO*CO*NH 2 , prepared by Kerp and 
Unger ( Ber ., 1897, 30, 585), was found to react readily with alde- 
hydes, giving semioxamazones of the type CHRIN’NH/CO’CO'NH,,; 
it reacted much less readily, however, with ketones. A further 
investigation was carried out by Radcliffe and Loo (Per/, and 
Essent. Oil Pee., 1919, 10, 39), who also found that the reaction 
was a general one for aldehydes, but that the application to ketones 
was limited ; no acetone derivative, for example, could be obtained, 
as had been already noted by Kerp and Unger. 

We have found that the reaction between semioxamazide and 
ketones is far more general than the literature indicates, and have 
worked out what appears to be a general method for the prepar- 
ation of such ketonic derivatives. The semioxamazones of the 
lower aliphatic ketones are very easily hydrolysed by water alone, 
so that dry solvents should be employed ; in this way, the acetone 
derivative can be easily prepared. The reaction between ketones 
and semioxamazide in absolute alcohol is accelerated to a re- 
markable extent hj* the addition of a small quantity of iodine (see 
experimental part). 

The method we have adopted is to heat on the water- bath the 
calculated quantities of ketone and finely powdered semioxamazide 
in absolute alcohol. A small quantity of iodine is added to the 
boiling liquid, the semioxamazide, which is insoluble in alcohol, 
rapidly dissolves, and the semioxamazone separates on cooling- 
In the case of unsaturated ketones, we have avoided the use of 
iodine, and have simply heated the ketone and semioxamazide in 
absolute alcohol until solution is complete. The use of iodine in 
anil formation is referred to by Knoevenagel (J. pr . Chtm 19H, 
[ii], 89, 37). * 

We have prepared the semioxamazones of the following ketones 
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^acetone, methyl ethyl ketone, methyl isopropyl ketone, methyl 
^0 butyl ketone, mesityl oxide, acetophenone, benzylacetone, 
s tyryl methyl ketone, and phenyl p-tolyl ketone. With the excep- 
tion of the semioxamazones of acetophenone and styryl methyl 
ketone, which have boon already prepared by Kcrp and Unger 
and by Radcliffc and Loo, respectively ( loc . cit .), these derivatives 
do not appear to have been previously described. Styryl methyl 
ketone semioxamazonc is markedly phototropic, rapidly changing 
from white to yellow' on exposure to light. 

The ketonic semioxamazones give inonosodium and mono- 
potassium derivatives which are very readily decomposed by 
moisture; these are described in the experimental part, They 
arc presumably derived from the semioxamazonc by the replace- 
lent of the imino -hydrogen by metal. We have also prepared a 
lonosodium derivative of semioxam azide itself. 

We propose to continue the investigation of these semioxamaz- 
21 CS and their metallic derivatives, and also to study the action of 
xline in similar reactions. 

Experimental. 

Acetonescmioxamazone, (LMe 2 I X vX H • C 0 ■ C( ) ■ X H 2 . — Five grams of 
Irv semioxamazide were heated with 30 c.e. of dry acetone on the 
rater- bath for one hour, when the semioxamazide had completely 
ii^olved ; in presence of a little iodine, three minutes were sufficient. 
Hie product which separated on cooling crystallised from acetone 
along, white needles melting at 147° (Found : X — 119*5. C 5 H a 0 2 X 3 
•equircs X — 29*4 per cent.). The same substance was obtained 
iy heating the calculated quantities of dry semioxamazide and 
Irv* acetone in absolute alcohol for forty minutes, or for two minutes 
in presence of a little iodine, and separated on cooling. 

J l ethyl Ethyl Ketone Semioxamazonc, CMeE t ! X • XH * CO ■ C 0 *X H 2 , 
was prepared by the same methods as the acetone derivative, in 
the first method forty-live minutes being required without iodine 
and one minute with iodine, and in the second method, ninety 
minutes without iodine and three minutes with iodine. The sub- 
bailee was reerystallised from absolute alcohol, from which it 
separated in small, colourless needles melting at 127 c (Found : 
X ~ 26*8. OpHuCLX., requires X — 20*7 percent.). Like acetone- 
seinioxamazone, it is hydrolysed on warming with moist ether or 
dilute alcohol. 

Methyl isoPropyl Ketone Sun io.r<unu zone. 

CMelV:X-XH-CO-CO*XH,, 

prepared as in the previous eases ; lieating in absolute alcohol 
required seventy minutes without iodine and ten minutes with 
iodine, Recrystallisation from absolute alcohol gave colourless 
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needles melting at 143° (Found : N = 24*7. C 7 H 1S 0 2 N 3 requires 
N — 24*5 per cent.). 

Methyl hoButyl Ketone Semioxamazone, 

C 4 H 0 -CMe:N-NH-CO‘CO*NH 2 . 

— This semioxamazone is apparently not hydrolysed by water and 
was obtained by heating a concentrated aqueous solution of semi, 
oxamazide with the calculated quantity of the ketone in alcoholic 
solution for about half an hour, a method which was quite in- 
effective in the previous cases. The substance separated from the 
reaction mixture, on cooling, in colourless needles which, after 
recrystallisation from alcohol, melted at 133° (Found : N = 22’9. 
C 8 H 16 0 2 N 3 requires N — 22*7 per cent.). 

Mesityl Oxide Semioxamazone, CMe 2 .CH*CMe.N‘NH , CO , CO'NH 2 , 
was prepared in the same way as methyl isobutyl ketone semi- 
oxamazone, one hour’s heating being necessary, or by heating the 
ketone in absolute alcohol with semioxamazide. On cooling, the 
semioxamazone slowly separated as a white powder, which was 
obtained in colourless plates, melting at 163 — 164° after rccrystal- 
lisation from alcohol (Found : N = 23'0. C 8 H 13 0 2 N 3 requires 
K = 22’9 per cent.). 

Acetophenonesemioxcnmzonc, CPhMe‘N‘NH*CO‘CO*NH 2 , has 
already been described by Kerp and Unger and by Radcliffe and 
Loo ( loc . cit.). We have prepared it by heating the ketone with 
semioxamazide in absolute alcohol without iodine (one hour) or 
with iodine (five minutes). 

was obtained by heating 2 grams of the ketone and 1 gram of 
semioxamazide in 20 c.c. of absolute alcohol without iodine (three 
hours) or with iodine (four minutes). The semioxamazone , which 
separated on cooling, was washed with ether and rccrystallised 
from alcohol, from which it was deposited in small, colourless 
needles melting at 125° (Found: N = 18*3, 18*1. C^H^Ng 
requires N = 18*0 per cent.). 

Styryl Methyl Ketone Semioxamazone , 

CHPh:CH*CMe:N*NH-CO-CO*NH 2 , 
was prepared by the method described by Radcliffe and Loo, mIio 
give the melting point as 211 — 212° ; we found that it inellcd at 
220—221° (Found: N = 18*1. Calc., N = 181 per cent.), h 
rapidly becomes yellow on exposure to light, the melting point 
remaining unchanged. 

Phenyl p -Tolyl Ketone Semioxamazone , 

C 7 H 7 ‘CPh:N'NH*CO*CO*NH 2 , 

obtained by heating molecular quantities of the ketone and semi- 
oxamazide in absolute alcohol with a little iodine, formed colour* 
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less prisms melting at 197° after recrystallisation from alcohol 
(Found : N = lo'O. C ie H w OjN, requires X = 14*9 per cent.). 

Derivatives of the Semioxamazon es and of 
Semioxamazide. 

These metallic derivatives were prepared by heating on the 
water- bath the semioxamazone or semioxam azide, dissolved or 
suspended in absolute alcohol, with sodium ethoxide (1 mol.), or 
potassium hydroxide, dissolved in absolute alcohol. The semi- 
oxamazone or semioxamazide, if in suspension, soon dissolved to a 
yellow solution, and after boiling for a short time the metallic 
derivative was precipitated as a powder. Sometimes the pre- 
cipitation was rather slow; in such a case the alcoholic solution 
was cooled and then poured into a large volume of dry ether. 
The metallic derivative was collected, washed with absolute alcohol, 
in which it was sparingly soluble or insoluble, and dried in a vacuum 
over sulphuric acid. These metallic derivatives are colourless 
powders with the exception of those of stvryl methyl ketone semi- 
oxamazone, which are pale yellow, and are all decomposed more or 
tas readily by moisture. The compounds described below were 
prepared . 

(а) Sodium derivative of: 

Acelonesemioxamazonc. Found : Xa — 13*5, 14 0. C H O.X Na 
requires Na 13*9 per cent. " " 

Methyl ethyl ketone semioxamazone. Found : Xa — 12*1 
. „ C G H J0 O 2 X 3 Xa 

requires Xa 12*8 per cent. 

Mesityl oxide semioxamazone. Found: Xa — 10'S. C 8 H ]2 0 X Xa 
requires Xa — 11*2 per cent. 

Myryl methyl * ketone semioxamazone. Found : Xa — 8*8 8*9 
‘I’NiA^Xa requires Xa - 9*1 per cent. 

Smioxamtzidc. Found : Xa — 18*0, 18*4. CVH ().,X.Xa re- 
quires Xa - 18*4 per cent. ‘ 4 2 

(б) Potassium derivative of : 

Aotophe non esemioxama zone. Found : K ^ 1 .V 9 . (‘ H 0 X Iv 
requires K — 10*0 per cent. 

Nyryl methyl ketone semioxamazone. Fount!: K — 14*4, ]4*4. 
^uK^OjjXgK requires K - 14*5 per cent. 

Organic Chemistry Department, 

Tue Hoyal Technical College, 

Glasgow. [Received, December 2m, 192:*.] 
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XLV1IL — The Densities of Dilute Solutions of Potassium 
Salts and the Volume Changes Occurring on Solution . 


By Harold Hartley and William Henry Barrett. 

In a previous communication, the authors made a critical exanvin- 
ation of the conditions under which accurate determinations (l f 
density could be made with pyknometers of comparatively small 
capacity (T., 1911, 99, 1072). It was found that by using a pykno- 
nieter of about 25 c.c. capacity and a counterpoise with a volume 
equal to the sum of the volumes of the glass of the pyknometor 
and of its liquid content when tilled to the mark, the density of 
dilute aqueous solutions could be determined without dilliculty 
with an accuracy of 2 or 3 units in the sixth decimal place. The 
densities are calculated from the expression 


(h - d„ 



ir, + W 

H 1 -T & lV, 


where d\ and d„ are the densities of solution and water, respectively 
(referred to water at 4° as unity) ; W l9 W 2 , and lf 3 are the apparent 
weights in air of the pyknometer empty and tilled with water and 
solution, respectively; Aj is the density of the air at the time of 
the weighing JFj; and Y p is the volume of the liquid which tills 
the pyknometer up to the mark.* 

It is often assumed that if an accuracy approaching one put 
in a million is required in density determinations, pyknometers 
containing relatively large quantities of solution must be used, 
but a scries of determinations of the density for dilute solutions 
of potassium salts at 18" has continued the results described in the 
previous paper, as duplicate determinations for the same solution 
agreed usually within 2 or 3 units and always within 5 or 6 units 
in the sixth decimal place. The presence of dissolved air intro- 
duces an uncertainty of one part in a million in the density of 
aqueous solutions at 18". 

The potassium salts used were Merck’s purest, reerystalliscd 
from water several times, the crystals each time being drained 
on a porcelain centrifuge. The solutions were made up by weight. 
At least two or three determinations were made of the density of 
each solution, either with two different pyknometers or with two 
separate fillings of the same pyknometer. The details of the 
determinations are described in the previous paper. The mean 


* In. the previous paper [lor. cti.), II', — A,!', should he substituted tor 
IF, at the head of the first column of the first table on p. 1074. 
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value found for the density of each solution examined is given in 
column IV of the following tabic : 


Densities of Solutions at 18“ and Total Contractions Occurring on 
Solution. 


I. II. 

Grams of 

Density salt in 

of solid 1000 grams 
salts. of water. 

KX‘1 16-445 

d? 1086 4-132 

(Baxter) 2-873 

0*9349 
0-6323 
0-4087 
0*2833 

0- 1836 
0-0 

KBr 13-145 

rffo 2-751 8-154 

(Baxter) 4.162 

1 - 888 
0-0 

KI 23077 

3-12G 9-540 

(Baxter) 7 *2 SO 

4-816 
0-0 

KClOj 1S-268 

dj' 2-344 8-428 

(Retgers) 6-102 

1 5 ' 1-014 

0-0 

KBr0 3 18-417 

d 3-323 8*766 

iCiarke) 3-847 

2-233 
00 

NO, 30-135 

*13-979 12-651 

(Krtmera) 3-926 

3 2SU 
0-0 

K-NOj 20-097 

*12-106 9-652 

(Bellntti 6-395 

;md 3-009 

Finazzi) 1-549 


IIL IV. 

Gram*mol. 
of salt per 
litre of <fj s of 
solution. solution, 

0-2189 1-008996 

0-05529 1-001316 

0-03844 1-000502 

0-01252 0-999237 

0-008467 0-999038 

0-005473 0-998890 

0-003794 0-998808 

0-002459 0-998744 

0-998622 


0-1099 

1 007976 

0-0682 

1 004474 

0*0349 

1*001623 

0-0158 

0-999990 

0*1379 

1 015300 

0-0573 

1-005569 

0-0437 

1-00394O 

00289 

1-002138 

01478 

1-010042 

•1-0685 

1*003978 

0-0496 

1*002474 

0-00S2G 

0-999268 

0-1096 

1-012133 

0-0523 

1-005088 

0-0230 

1-001481 

00133 

1-000282 

0-1399 

1 023770 

0-0589 

l‘iiO920S 

0-0183 

i*00l94y 

0 0153 

1*001400 

0-1909 

1-010775 

0-0950 

1*004531 

0-0630 

1-002546 

0-0297 

HHMI4S1 


V. VI. 

Total contraction in e.c. 


per gram 

per gram -mol 

of dissolved 

of dissolved 

salt. 

salt. 

0-138 

10-3 

0-157 

11-7 

0159 

11-85 

0-162 

12-1 

0-161 

12-0 

0*158 

11*8 

0-16* 

12- 4 

0-1 6 9 

12-, 

0*16, 

12j 

0-078 

9-3 

0-083 

9-9 

0*086 

10*2 

0-089 

10*6 

U 090 

10*7 

0-048 

7*95 

0-050 

8-3 

0-052 

8-6 

0*052 

8-6 

0-053 

8-8 

0-05G 

6-9 

0-064 

7-8 

O-0C0 

7-4 

0-065 

8-0 

0-06G 

8-1 

0-039 

G-5 

0-041 

6-S 

0-045 

7-5 

0-046 

7-7 

0-047 

7-8 

0-091 

19 5 

0-095 

20-3 

0-10O 

21-4 

0-099 

21-2 

0-100 

21-4 

0*084 

S-5 

0-090 

9-1 

O-U90 

9-1 

0-093 

9-4 

0-095 

9-G 

0-096 

9-7 


0-0 

1000 Grains of water at 15' occupy luul'JSu c.c. 

•a dilute solutions the variation of density with concent r 
' hlM ‘ i,r - fo"- solutions of potassium nitrate below 

r 2 
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fifth normal the densities within the limits of experimental error 
can be expressed by the equation 

= 0*998622 + 0*000618 c — 0*00000065 c 2 , 

where c is the concentration expressed as grams of salt in 1000 
grams of water. The densities of the other solutions examined 
cannot he represented satisfactorily by such a simple expression. 


Change of Volume on Solution. 

The total change in volume which occurs during the process of 
solution has been calculated for each solution by subtracting from 
the sum of the volumes occupied by the water and salt that 
occupied by the solution they produce. The results are given iu 
columns V and XI of the above table for one gram and for one 
gram-molecule of dissolved salt, respectively. The concordance 
of these values for each salt in dilute solution affords a delicate 
criterion of the accuracy of the density determinations, as an 
error of one unit in the sixth decimal place of the density affects 
the total volume change by approximately 1 per cent, in 0*0 LY- 
solution. The values of Baxter (J. Amer. Chem. Soc ., 1910, 38, 
259) for the densities of potassium chloride, bromide, and iodide 
were used in calculating the volume of the salt ; the values taken 
for the remaining salts were probably less accurate, as they cannot 
be fused without decomposition, but an error in the density of the 
solid is of less importance than an error in the density of the solution, 
for example, in O'OLY-salt solutions an error of 0*1 per cent, in the 
case of the solid has the same effect on the result as an error of 
0*0001 per cent, in the case of the solution. 

Lamb and Lee {J. Amcr . Chem. Soc. y 1913, 35, 1607) have deter- 
mined the change in volume when a salt is dissolved iu water for 
dilute solutions of a few salts at 20 , and Baxter and Wallace ha\e 
measured the same quantity for stronger solutions of salts over a 
considerable temperature range. Although an exact comparison 
cannot be made, the following values show that the present \alue> 
are in substantial agreement with those of previous investigations, 
hearing in mind that the contraction decreases with rise of 
temperature. 


Contraction per Gram of Dissolved Salt on Formation of Potassium 
Chloride Solutions. 


Concentration in gram- Hartley and 

mol. per litre. Barrett at 18\ Waxier at 2.3 
0-1(532 ♦ 0-143 e.c. O ntioe.c. 

0-0100 0 102 

0-0 016, — 


Lamb and Lee 
at 20'. 


0-1.31 c.c. 
0 - 13 ^ 
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It will be noted that the process of solution is accompanied by a 
contraction in each case, and the variation of the contraction is 
small in dilute solutions. The very accurate determinations of 
Lamb and Lee, who measured the density to one part in ten 
million, show that for salts of univalent ions the contraction 
does not increase more than 1 per cent, between (VO LV and indnite 
dilution. Baxter suggests that two volume changes are involved, 
namely, an increase in volume of the ions on being relieved from 
the restraint of the crystal structure and a contraction resulting 
from their subsequent hydration but no quantitative theory has 
been suggested to account for the results. The following com- 
parison of values for the salts examined is of interest in showing 
that the contraction at infinite dilutions is approximately the same 
for each, except for potassium iodate, and amounts to a considerable 
proportion of the molecular volume in the solid state : 


KC1 .... 

Contraction (c.c.) 
on solution of 

1 gram-mol. of 
salt at infinite 
dilution at 1SY 
12-3 

Mol. 
volume 
(c.c.) of 
solid salt. 
37-5 

KBrO, 

Contraction (c.c.) 
on solution of 
i gram-mol. of 
salt at infinite 
dilution at 1 S\ 
7*8 

Mol. 
volume 
(c.c.) of 
solid salt. 
50*2 

KBr . 

10-7 

43*3 

kio 3 ... 

214 

53*7 

KI .... 

8-8 

53-1 

KNO a ... 

‘.♦*7 

48*0 

KC10 S . 

8-1 

52-2 
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[Received, January 12/ft, 1023.] 


XLIX .— The Estimation of Acetone in Methyl Alcohol 
awl the Purification of Methyl Alcohol by Sodium 
Hypoioclite. 

Bv Henry Hutchinson Hates, John Milne .Mi'i.iily. ami 
Harold Hartley. 

Acetone in methyl alcohol is usually estimated by the method 
due to -Uessinger {Bcr., 1888, 21, 33(16). Two cx. of methyl alcohol 
are added to 20 c.c. of .V -sodium hydroxide and after the addition 
of 20 c.e. of 0 -W-iodine solution the mixture is shaken for a quarter 
to half a minute until it is clear. It is then just acidified with 
A -hydrochloric acid, excess of (iLY-sodium thiosulphate is added, 
and the excess titrated with 0*2.Y-iodine solution. MessineerY 
own results were usually low, although the alcohol he called “ puris- 
simmn 5 gave an acetone constant of (V06 per cent. 

•■flodwin (/. /Inter. Chan. doc.. 1920, 42, 39) investigated this 
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method of estimating acetone in aqueous solutions and found 
that it gave accurate results, provided that the mixture is well 
shaken while the iodine is being added, and that sufficient time is 
allowed for the acetone to react with the hypoiodite. He con- 
sidered twenty minutes sufficient for this purpose even in cold 
weather. 

Both Goodwin ( loc . tit.) and Rakshit {Analyst, 1016, 41, 246) 
found that the method gives too high results for acetone in presence 
of methyl alcohol. 

The following experiments were made to determine the error 
introduced by the reaction of the methyl alcohol with the hypo- 
iodite. Successive quantities of 20 c.c. of methyl alcohol free 
from acetone were mixed with 40 c.c. of 0‘5^ T -sodium hydroxide 
and 20 c.c. of 0TA T -iodine solution, and after known times the 
solutions were acidified and the iodine titre was determined with 
sodium thiosulphate. In a blank experiment without methyl 
alcohol, no change in the iodine titre was found after twenty-four 
hours, whilst the following amounts (x c.c.) of OLV-iodine were 
found to have reacted with the methyl alcohol in the times 
mentioned : 

Muis. His. 


Time 2 o 10 20 2-25 19 53 

x 0-18 1*6 2*7 4 0 8*33 9*35 9-45 


The reaction between the hypoiodite and methyl alcohol is 
incomplete owing to the speed at which the former substance is 
converted into iodate. Schwicker (Z. physikal. C'hem., 1895, 16. 
303) has measured the rate of the reaction 
3KIO = KICK, -f 2KI 

and found that at a dilution of 0’01G*Y, in presence of excess of 
hydroxyl-ion, the period of half -change is tw enty-five minutes at 12 ; . 

The above experiments having shown the importance of the 
time factor in acetone determinations, the following standard 
conditions were chosen : 20 c.c. of methyl alcohol were diluted 
to 100 c.c. with water, 25 c.c. of this solution were then mixed 
with 20 c.c. of 0YLY- sodium hydroxide and 25 c.c. of OTA -iodine 
solution, and the mixture was shaken at intervals for half an hour. 
It was then acidified with O'oiV-sulphurie acid, and the unused 
iodine titrated with sodium thiosulphate. The experiments were 
carried out at a temperature of 15 ± 0*5°. 

In order to find the zero error under these conditions .successive 
equal quantities of acetone-free methyl alcohol were diluted as 
above with watAr containing known quantities of acetone and the 
acetone was estimated as described. 
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The amounts {% c.c,) of 0*liV -iodine solution used up were as 
follows, a denoting the percentage of acetone added : 

g 0-013 0-032 0 064 0*090 0-128 0-160 

1-02 1-82 3-16 4-46 5-80 7*12 

The results, when plotted, lie on a straight line which cuts the 
vertical axis at 0*5 c.c., indicating that 0*5 c.c. of iodine (corre- 
sponding with 0'012 per cent, of acetone) would be used up in pure 
methyl alcohol and would thus be the zero error of the estimation. 

In order to test this further, acetonc-free methyl alcohol was 
obtained from four separate sources {«) a sample purified by re- 
peated treatment with acid mercuric sulphate solution and given 
to us by Dr. Whiteley, (b) a sample obtained from Hopkins and 
Williams, (c) and {&) specimens purified by the methyl oxalate and 
the hypoiodite methods, respectively. The results of acetone 
determinations carried out as above with these samples arc : 

(a). (6). (c). ( d ). 

C.c. of 0- 1 AModine used 0-49 0-62 0-50 0-48 

The results in each case agree within the limit of experimental 
error and show that under these conditions 0*012 per cent, must 
be subtracted from the amount of acetone found, to allow for the 
reaction of the hypoiodite with the methyl alcohol. Repeated 
purification of methyl alcohol failed to give a lower apparent 
acetone content. 

As other methods of removing acetone from methyl alcohol had 
been found to be inellicient or to give poor yields, Messengers 
method has been adapted to this purpose. Considerable dilution 
with water is obviously undesirable, as methyl alcohol will be lost 
in rectification; on the other hand, it was found necessary to 
dilute to a definite extent and also to use excess of iodine in 
order to ensure the entire removal of acetone. The following 
method was found to be convenient and to give good results with 
methyl alcohol containing 0*2 per cent, of acetone : Twenty-five 
grams of iodine were dissolved in I litre of methyl alcohol and the 
solution, was poured slowly and with constant shaking into 500 c.c. 
of .V- sodium hydroxide. It was sometimes found necessary to 
add in addition as much as 150 e.e. of water to precipitate the 
iodoform, the variable amount being due doubtless to changes of 
the laboratory temperature. The solution was kept over-night and 
filtered. The filtrate was yellow, due probably to resin, as the 
colour deepened on boiling. Dissolved iodoform was hydrolysed 
hv heating under reflux until the smell was absent, and the mixture 
then fractionally distilled. The first fractionation yielded 800 c.c. 
of 97 per cent, and 150 c.c. of So per cent, acetone-free alcohol. 
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Since this work was completed a paper on a similar method of 
purifying methyl alcohol by means of sodium hypochlorite has 
been published by R. C. Menzies (T., 1922, 121, 2/87), 

Summary. 

1. The accuracy of Massinger’s method of estimating acetone in 
methyl alcohol has been investigated and the zero error determined 
for standard conditions. 

2. Sodium hypoiodite and methyl alcohol react to form some 
iodoform and probably other products, the incompleteness of the 
reaction between them being due to the rapid autoxidation of the 
former to iodate. 

3. A convenient and efficient method has been evolved for 
removing acetone from methyl alcohol by means of sodium hypo- 
iodite. 

The authors desire to thank Dr. M. A. Whiteley for her help in 
connexion with this work. 

Physical Chemistry Laboratory, 

Balhol and Trinity Colleges, Oxford. 

[Received, December 22m/, 1922.] 


L. — Di- and Tri-hydroxydeoxyb enzoins . 

Bv Ernest Chapman and Henry Stephen. 

Hydroxydeoxybenzoins of the type C fi H 5 *CH 2 *CO‘C G H _ tI (0H)„ 
(where ?? — 1, 2, or 3) had previously been prepared by two general 
methods : (1) fusing phenylacetic acid with the necessary phenolic 
compound in I he presence of zinc chloride according to Ncncki and 
Sieber’s method (J. pr. 1881, [ii], 23, 147, 537, o46; 1*883. 

[ii], 25, 273) of preparing aromatic hydroxy-ketones (Weisl. 
Monatsh., 1905, 26, 984; Einzi, ibid,, 1905, 26, 1125; Xoelting 
and Kadiera, Bcr., 1906, 39, 2056), or (2) by a modification of 
Friedcl and Crafts' reaction, condensing acid chlorides with phenols, 
dissolved in nitrobenzene, in the presence of aluminium chloride 
(Behn, D.R.-P. 95901; Weisl, loc. cit.; Finzi, loc. cit.). 

Substances of this type have now been obtained by applying 
Hoesch’s method {Ber., 1915, 48, 1122) to the condensation of a 
cyanide, R*CH./CX (where R is a phenyl or substituted phenyl 
group) with resorcinol and phloroglucinol : 

R*CH»*CX f ir, ;» R*( 1 H 2 *0C X H , H Cl )*C fi H .,(( ) H ) 2 ^ 

B-CH 2 d:n*C 6 H,(OII) 2 . 
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By this method the following ketones have been prepared : 

([) 2 : 4- Di hydroxy deox y benzoin (2 : 4-dihydroxyphenvl benzyl 
ketone), C 6 H 5 -C%CO-C 6 H 3 (OH) 2 . 

(II) 4'-Chloro-2 : 4-dihydroxydeoxybenzoin (2 : 4-dihydroxy- 
phenyl-p-chlorobenzyl ketone), C 6 H 4 CkCH 2 *CO*C 6 H 3 (OH) 2 . 

(III) 2 : 4-Dihydroxy-4'-methyldeoxybenzoin (2 : 4-dihydroxy- 
phenyl p-methylbenzyl ketone), CH 3 *C 6 H 4 *Clf 2 -CO*C 6 H 3 (OH) 2 . 

(IV) 2:4:6- Trihydroxvdeoxybenzoin (2:4:6- trihydroxy- 
phenyl benzyl ketone), C 6 H 5 *CH 2 'CO’C 6 H 2 (OH) 3 . 

(V) 4' - Chloro -2:4:6- trihydroxydeoxybcnzoin (2:4:6- tri- 
hydroxyphenyl p -chloro benzyl ketone), C 6 H 4 Cl*CH 2 *CO*C c H 2 (OH) 3 . 

(VI) 2:4: fi-Trihydroxy-4 / -methyIdeoxybenzoin (2:4: 6-tri- 
hvdroxyphenyl p-methylbcnzyl ketone), 

CH 3 *C 6 H 4 *C H ^CO’Cq H 2 ( OH ) 3 . 

2 : 4-Dihydroxydeoxy benzoin (the so-called 1-rneta-eompound), 
melting at 104‘ J , had been obtained by Finzi (loc. cit.), who found it 
to be identical in all properties except the melting point with the 
dihydroxydeoxybenzoin (m. p. 115') obtained by Billow and 
Grotowsky (Ber., 1902, 35, 1527) on heating 7-hydroxy-2-phenyl- 
4-benzylidene-l : 4-benzopyranol with a strong aqueous solution of 
sodium hydroxide. The 2 : 4-dihydroxydcoxy benzoin now pre- 
pared agrees in general properties with that obtained by the 
previous workers and melts at 115 . 

The dihydroxydeoxybenzoins were characterised by the prepar- 
ation of their oximes and diaeetyl derivatives, and it was found that 
such derivatives of 2 : 4-di hydro xydeoxybenzoin differ from the 
corresponding products obtained by Finzi (foe. cit.). 

The deoxy benzoins now prepared by Hoeseh’s method are 
colourless or very faintly coloured compounds, crystallising from 
a large volume of hot water in glistening plates. The members of 
the trihydroxy- series appear to crystallise with one or, in the case 
of the p-methyl compound, one and a half molecules of water. 
They are readily soluble in most organic solvents except ligroin 
and petroleum. They are almost insoluble in cold water, hut 
dissolve readily in concentrated sulphuric acid. They are soluble 
in dilute sodium hydroxide solution, the dihydroxydeoxybenzoins 
giving colourless solutions and the tri hydroxy-compounds yellow 
solutions. They reduce Foldings solution on boiling, probably 
forming the corresponding bcnzils (compare Finzi, loc. cit.. p. 1129). 
Their alcoholic solutions give deep reddisli-luown colorations with 
a drop of ferric chloride solution, and their solutions in alcohol or 
ether give a bright red coloration with sodium hypochlorite solution. 
The oximes give an almost black coloration with ferric chloride, 
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and with sodium hypochlorite distinctive purple colours. Xho 
diacetyl derivatives produce no coloration with ferric chloride and 
a golden-yellow colour with sodium hypochlorite on long standing. 

Experimental. 

2 : 4-Dikydrox ydeoxybenzoin (I). — Ten grains of resorcinol (1 mol.) 
and 10 grams of dry, freshly- distilled phenylacetonitrile were 
dissolved in 60 c.c. of dry ether, 4 grams of powdered zinc chloride 
added, and the solution treated with a moderately rapid stream of 
dry hydrogen chloride for two hours under reflux. The closed 
vessel was left over-night and a few crystals, probably of 2:4- 
dihydroxyphenyl benzyl ketimine hydrochloride, had then separ- 
ated from the lower, syrupy layer. The mixture was treated with 
80 c.c. of 5A T -hydrochlorie acid and extracted with ether to remove 
any unchanged substances. The aqueous solution was heated on 
the steam-bath for a short time and a brown oil separated. The 
aqueous layer was removed when cold and the brown layer again 
boiled with water. On cooling, glistening plates were deposited 
and the oil became solid. The dihydroxydeoxybenzoin was filtered 
off and recrystallised from dilute alcohol or a large quantity of 
boiling water, the latter proving to be the better solvent for removing 
impurities. 

The reaction was also carried out in a slightly different maimer 
by pouring off the ethereal layer from the mixture after remaining 
over-night and boiling the semi-solid oily layer directly with water, 
without using hydrochloric acid. 

2 : 4-Dihydroxydeoxybenzoin crystallises from water as colourless, 
glassy elongated plates, m. p. 115' (Found : C — 73 8; H = 530. 
Calc., C = 737 ; H = 5*30 per cent.). 

The oxime was prepared by dissolving 3 grams of 2 : 4 -dihydroxy- 
deoxybenzoin in 50 c.c. of absolute alcohol and adding a solution 
of 0'9 gram of hydroxylamine hydrochloride and T8 grams of 
sodium acetate in the smallest possible amount of water. The 
mixture was heated on the steam-bath for several horn’s under 
reflux, the alcohol was removed by evaporation, and the crystalline 
residue was washed with water and dissolved in warm alcohol, 
The oxime, precipitated on addition of water to this solution, was 
recrystallised from dilute alcohol as pale brown, hexagonal crystals 
melting at about 230° with decomposition (Found : C = 03 8; 
H = 5-55 ; N = 5 84. Calc., 0 = 09*1 ; H — 5*39 ; X - 5*76 
per cent.). 

A second crop of crystals was obtained by concentrating the 
mother-liquor, and these softened at 1 10 J , but did not melt until 
210°, recalling Finzi's so-called oxime. Microscopic examination 
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of this product showed it to be a mixture of crystals of the oxime 
and the unchanged deoxy benzoin, and these were partly separated 
by fractional crystallisation. 

Finzi describes the oxime as fine, yellow needles showing no sharp 
melting point, but sintering at 110° and partly melting at 17CP, 
It seems probable, therefore, that his product contained unchanged 
clihydroxydeoxybenzoin (m, p. 115°), which would account for the 
sintering at 110°. 

The diacetyl derivative was prepared by boiling 3 grams of 2 : 4- 
clihydroxydeoxybenzoin with excess of acetic anhydride for four 
hours and then heating the solution on the steam-bath with the 
addition of small quantities of methyl alcohol to remove unchanged 
acetic anhydride. After evaporating the greater part of the 
solution and cooling, white crystals were deposited. These were 
recrystallised from hot alcohol, and about 2*5 grams of the compound 
obtained as colourless, rhombic prisms, m. p. 130° [Found : CH 3 *CO 
= 27*65, 27'. 3o. C 14 H 10 O 3 (C(KJH 3 ) 2 requires CHyCO = 27*56 per 
cent.]. 

It is insoluble in cold aqueous sodium hydroxide and its alcoholic 
solution gives no coloration with ferric chloride solution. Finzi, 
however, by treating the dihydroxydeoxybenzoin with acetyl 
chloride in pyridine solution, obtained a substance crystallising in 
white needles, m. p. 107°, which lie stated was the diacetyl deriv- 
ative. From his analysis of the substance, the percentages of 
carbon, hydrogen, and acetyl are those required for the formula 
C 18 H 16 0 7 , and do not agree with the formula C 14 H 10 O 3 (OO’CH 3 ) 2 . 
A repetition of Finzi's experiment gave a very small quantity of 
white needles, m. p. 107°, which were more soluble in alcohol than 
the diacetyl derivative melting at 136° and also slightly soluble 
in alkalis [Found: CH 3 *CO = 17*1. C u H 11 0 3 (C0 , CIf 3 ) requires 
CHg-CO = 15*9 per cent.]. An alcoholic solution of the substance 
gave a reddish- violet colour with ferric chloride solution. Finzi's 
product was probably the monoacetyl derivative. 

T-t 'hforo-2 : 4 - dihyd roxydcoxybmzoi n ({[). — -p-Chlorophenylaceto- 
nitrilo was prepared by Walthcr and Hirschberg's method (J. pr. 
ihm.t 1903, [ii], 67, 377). 

A solution of 1 1 grams (l mol.) of resorcinol and 15 grams (1 mol.) 
d j)-ehlorophenylacetonitrile in dry ether (00 c.c.), to which 4 grams 
d powdered zinc chloride had been added, was treated for about 
live houra with a stream of dry hydrogen chloride. After remaining 
over-night, the mixture was treated with 100 c.c. of 5A’-hydrocli!oric 
acid and extracted with ether, and the aqueous layer warmed to remove 
dissolved ether. On cooling, the ketimine hydrochloride separated 
as a solid mass, which was filtered, washed with a little ether. 
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hydrolysed by boiling with water, and gave pale brown crystal 
of 4'-chloro-2 : 4-dihydroz ydeoxy benzoin, m. p. 153 — 154° (Found : 
Cl — 13 0.* C 14 H n 0 3 Cl requires Cl = 13*5 per cent.). 

Its oxime, prepared by means of hydroxylamine hydrochloride 
and sodium acetate, crystallises from dilute alcohol as fine, white, 
prismatic needles, m. p. 235 — 236° with decomposition (Found; 
Cl = 12*75; N — 5*13. C 14 H 12 0 3 NC1 requires Cl = 12*77; N ^ 
5*05 per cent.). 

The diacetyl compound was obtained by treating 4'-chloro-2 ; 4 . 
dihydro xydeoxy benzoin with acetic anhydride in the manner 
already described. It was crystallised from alcohol as white, 
rhombic prisms, m. p. 145° (Found : Cl ~ 10*0; CH 3 *CO — 2o*l, 
25*0. C 18 II 1B 0 5 C1 requires Cl -- 10*2 ; CH 3 -CO = 24*8 per cent.). 

2:4* Dihydroxy - 4' - methyldcoxybenzoin (III). — p - Methylbenzyl 
chloride was prepared from toluene, formaldehyde, and hydrogen 
chloride by Stephen, Short, and Cladding's method (T., 1020, 117. 
522), and was converted into the corresponding cyanide by treatment 
with sodium cyanide in methyl alcoholic solution. 

Eleven grams (1 mol.) of resorcinol and 13 grams (1 mol.) of 
p-tolylacetonitrile were dissolved in dry ether, 4 grams of powdered 
zinc chloride added, and a stream of dry hydrogen chloride passed 
in for several hours. The mixture was hydrolysed as already 
described, but the crude product could not be crystallised from 
hot water. It was therefore dissolved in a mixture of ether and 
benzene and the solution dried. On. evaporating the ether, the 
deoxybenzoin separated from the benzene, on cooling, in reddish- 
brown crystals. Crystallised from dilute alcohol or a large volume 
of boiling water, it forms colourless, glistening needles, m. p. 114'' 
(Found: C — 74*7, 74*4; H — 5*74, 5*88. C 15 H u 0 3 requires 
C = 74*4; H = 5*82 per cent.). 

Its oxime, prepared in the usual way, crystallised from dilute 
alcohol in white, prismatic needles, m. p. 218 with decomposition 
(Found : C - 69*9 ; H - 5*92 ; X 4*89, 4*92. C 15 H 15 0 3 X 
requires C — 70*0; H -- 5*88; X --= 5*45 per cent.). 

The diacetijl compound was obtained by treating the deoxy benzoin 
with acetic anhydride. It crystallises from alcohol as colourless, 
rhombic prisms, m. p. 112 — 113' (Found: CH n *CO - 2(h>. 
C 19 H lg 0 5 requires CH 3 *CU — 20*4 per cent ). 

2:4 ' h-Trikydroxydcoxybenzoin (IV). — A solution of fv3 grams 
(1 mol.) of anhydrous phloroglucinol and 5*8 grams (1 mol.) of 
phenylacetonitrile in 50 c.e. of dry ether, to which 3 grams of 
powdered zinc chloride had been added, was treated for several 

* Robertson's (T., 11)15, 107» 902 ) method was used throughout lor 
chlorine estimations. 
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hours with a stream of dry hydrogen chloride. After standing 
over-night, the mixture was warmed on the steam-bath, causing 
complete separation into two layers and evolution of hydrogen 
chloride. The ethereal layer was removed and the viscous residue 
hydrolysed by boiling with water for an hour. The crude product, 
which separated on cooling, was crystallised from a large volume 
of boiling water, giving colourless, elongated prisms containing one 
molecule of water of crystallisation which is lost on heating the 
crystals at 90°. The anhydrous compound melts at 162° (Found : 
loss at 90 — 100° — 6*97, 6*80. C 14 H l2 0 4 ,H 2 0 requires H 2 0 — 
6*94 per cent. Found: in anhydrous compound, C = 68*76 ; 
H = 5*00. C 14 H 12 0 4 requires C = 68*84; H = 4*95 per cent.). 

4' - Ckloro -2:4:6- trihydroxydeoxybenzoin (V). — A solution of 
11 grams (1 mol.) of ^-chlorophenylacetonitrile and 9*2 grams 
(1 mol.) of anhydrous phloroglucinol in 70 c.c. of dry ether, after 
the addition of 4 grams of powdered zinc chloride, was treated 
with a stream of dry hydrogen chloride for four hours, and the 
mixture hydrolysed with water as already described. The deoxy- 
benzoin was crystallised from boiling water in colourless needles 
containing one molecule of water of crystallisation. The anhydr- 
ous substance melts at 221—222° (Found : H a O = 6*01, 6*11. 
C 14 H J1 0 4 C1,H 2 0 requires H 2 0 = 6*10 per cent. Found in an- 
hydrous compound, Cl — 12 3, 12*6. C i4 H u 0 4 CI requires Cl = 
12*7 per cent.). 

2 : 4 : ^Trikydroxy-H-methyldeoxybenzom (VI). — A solution of 
12*6 grams of anhydrous phloroglucinol and 13*1 grams of p-tolvl- 
acetonitrile in dry ether, treated by the method already described, 
yielded the deoxy benzoin, which was recr\*stallised from hot water 
in slightly pink, transparent plates containing one and a half 
molecules of water of crystallisation. The anhydrous substance 
melts at 205 — 206° (Found : H 2 0 = 9 70, 9*69. C 15 H u 0 4 ,I |H 3 0 
requires H 2 0 = 9'48 per cept. Found : in anhydrous compound, 
C = 69*7; H =s 5*48. C 15 H ]4 0 4 requires C = 69*8; H = 547 
per cent,). 

In conclusion, one of us (E. C.) desires to thank the Advisory 
Council of the Department of Scientific and Industrial Research 
for a grant which has enabled him to participate in this work. 

The Chemical Dept., 

The University, Manchester. 


[Received, December 0th, 1922.] 
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hours with a stream of dry hydrogen chloride. After standing 
over-mght, the mixture was warmed on the steam-bath, causing 
complete separation into two layers and evolution of hydrogen 
hloride. The ethereal layer was removed and the viscous residue 
hydrolysed by boiling with water for an hour. The crude product, 
which separated on cooling, was crystallised from a large volume 
of boiling water, giving colourless, elongated prisms containing one 
molecule of water of crystallisation which is lost on heating the 
crystals at 90°. The anhydrous compound melts at 162° (Found • 
loss at 90-100° = 6-97, 6-80. C 14 H 12 0 4 ,H 2 0 requires H 2 0 - 
6 94 per cent. Found : in anhydrous compound, C = 68*76 ; 
H = 5*00. C 14 H 12 0 4 requires C = 68*84 ; H = 4*95 per cent.). 

4' - CUoro -2:4:6- trihydroxijdeoxybenzoin (V).— A solution of 

11 grams (1 mol.) of p-chlorophenylacetonitrile and 9*2 grams 
(1 mol.) of anhydrous phloroglucinol in 70 c.c. of dry ether, after 
t 1 3 addition of 4 grams of powdered zinc chloride, was treated 
with a stream of dry hydrogen chloride for four hours, and the 
Mixture hydrolysed with water as already described. The deoxy- 
Denzoin was crystallised from boiling water in colourless needles 
?ontaining one molecule of water of crystallisation. The anhydr- 
WS substance melts at 221—222° (Found: H 2 0 = 6*01, 6T1. 
-14 Hh 0 4 C1 ? H 2 0 requires H 2 0 = 6*10 per cent. Found in an- 
lydrous compound, Cl - 12*3, 12 6. C 14 fI n 0 4 Cl requires Cl = 
12*7 per cent.). 

2:4: ^TrihydroxyA'-methyldeoxybenzohi (VI).— A solution of 

12 6 grams of anhydrous phloroglucinol and 13*1 grams of p-tolyl- 
icetonitrile in dry ether, treated by the method already described, 
fielded the deoxybenzoin, which was rccrvstallised from hot water 
n slightly pink, transparent plates containing one and a half 
Jcciles of water of crystallisation. The anhydrous substance 
. cs at 205—206° (Found : H 2 G - 9*70, 9 69. C l5 H 14 0 4> 4H 2 0 
equires H 2 0 = 9 48 per cent. Found : in anhydrous compound. 
^=69*7; H = 5*4S. C 15 H 14 0 4 requires C = 69S; H = 5*47 
XT cent.). 

/ n conclusion, one of us (E. C.) desires to thank the Advisory 
xmned of the Department of Scientific and Industrial Research 
r a. grant which has enabled him to participate in this work. 

1 The Chemical Department, 

The University, M anchester. [ Remind , December M , 1922.] 
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LI —Determination of the Isoelectric Point of Gelatin. 
A Criticism of Patten and Kellems’ s Method. 

By Thomas Slater Price. 

In the course of measurements of the hydrion concentration of 
various gelatin solutions, Pa ten and Kellems (J. Biol. Ckem 1920, 
42, 363) used a method for plotting their results which has appar- 
ently led them to the conclusion that different gelatins have 
different isoelectric points wliich can be determined directly by 
electrometric titration. Their method of experiment was as 
follows : Solutions were made up containing 0'5 per cent, of gelatin 
and different concentrations of hydrochloric acid (or sodium 
hydroxide), and their hydrion concentrations measured electro- 
metrically in each case. The results obtained for two different 
gelatins are given in the following table, the figures for the p H in 
ordinary type referring to an ashless gelatin, whilst those in italics 
refer to a commercial gelatin. 


Normality with 
respect to II Cl. 

7>i 


Normality with 
respect to NaOH. 


v r 

10“ l 

'oTT 

O' 9 ft 

00 

4-81 

H 

1(H 

1-96 

212 

10 * 

4-89 

6-54 

10-3 

3-89 

4-49 

io-> 

5-00 

566 

10' 4 

4-69 

5- 4 

1(H 

5-06 

5-69 

1 0* 6, 

4-74 

5-6 

10-3 

6-49 

8-78 

io-« 

4-83 

5 6 

10** 

11-33 

11-57 

Patten and Kellems then use 

the following method to plot their 


results. The p^s of the various solutions are taken as ordinates 
and the normalities of the total system with respect to add (or 
alkali) as abscissae. To avoid excessive use of ciphers the negative 
exponent of the normality is used j thus, where the normality is 

1 X IQ* 6 , the figure 6 is used as the abscissa. The curves thus 
obtained are shown in the figure. 

Patten and Kellems then state : “It will be observed that the 
isoelectric 'point of ash-free gelatin, Curve 1, lies at = 4‘8, corre- 
sponding with a hydrion concentration of 1*59 X 10‘ 5 , and that 
the isoelectric point of commercial gelatin, Curve 2, lies further 
toward the alkaline region and comes at p^ = 6*64 (hydrion con- 
centration, 2*28 X 10" 6 ). 1 * This statement that the horizontal 
portions of the curves indicate different isoelectric points is appar- 
ently made simply because those parts are horizontal. Con- 
sideration of the curves will show, however, that the method of 
plotting cannot give anything else but an approximately straight- 

* Patten and kellems s paper gives 2-2S X 10~ 5 , which is a misprint for 

2 2$ X 10-*. 
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Ibe central portion, since the abscissae, as well as the ordinates, 
are plotted on a logarithmic scale. There is a very good reason 
for plotting the ordinates (p H ’s) on a logarithmic scale, since the 
electrometric method of determining hydrion concentrations gives 
a direct measurement of their logarithmic concentration, but no 
such reason can be adduced for similarly plotting the normalities 
of the total system. 

That the results obtained are purely fictitious, as far as the 
determination of the isoelectric point is concerned, can be shown 


Fig. l. 



Q - 
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has really nothing to do with the isoelectric condition of gelatin 
but is really fixed by the p n of the gelatin started with and fc 0 
which neither acid nor alkali has been added. The mistake made 
by Patten and Kellems is in taking the points A and A' as both 
corresponding with 0 on the absciss®. In the case of the com- 
mercial gelatin it is impossible to say what was the normality 
with respect to hydrochloric acid or sodium hydroxide, owing to 
the unknown alkalinity of the gelatin taken. As a matter of fact, 
they show later in their paper that the commercial gelatin was 
really alkaline. What, in reality, their method does, is to show 
that it requires more acid to give a definite p n to the commercial 
than to the ashless gelatin, a result which is obvious in view of 
the alkali content of the former gelatin, 

That one is bound to obtain results similar to those of Patten 
and Kellems has been shown by Mr. S. 0. Rawling in some (un* 
published) experiments he has carried out. A 2 per cent, solution 
of ash-frcc gelatin was first titrated with hydrochloric acid, the 
of the system being measured after each addition of acid. A 
solution of the same concentration of gelatin, to which a small 
amount of sodium hydroxide had been added, was similarly 
titrated. The curves obtained were similar to those of Patten 
and Kellems when plotted according to their method. 

Sheppard, Sweet, and Benedict ( J. Amer. Chem. Soc., 1922, 44, 
1857) have made use of the same method to determine the iso- 
electric point of ash-free gelatins to which various small amounts 
of alum had been added. They find that the so-called isoelectric 
point occurs at decreasing values of the -p a as the concentration 
of the alum increases. From what has been said above this result 
is to be expected, since owing to the hydrolysis of ^he alum the 
solutions are acid. 

The author has been in correspondence with Dr. Sheppard, who 
expresses his agreement with the considerations put forward above. 

The British Fhotogrvfhic Research Association Laboratories, 

. Received, January olh, 1923.] 


LIL — The Propagation of Flame in Complex Gaseous 
Mixtures • Part V , The Interpretation of the Laic 
of Speeds. 

By William Payman. 

The addition of the incombustible gas nitrogen to the mixture of 
methane and oxygen of the composition CH 4 -f 20 2 results in a 
reduction of the speed of uniform movement of flame in the mixture. 
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goth methane and oxygen behave similarly to nitrogen in that they 
I reduce the speed of uniform movement of flame when added to 
to mixture (T„ 1920, 117, 66). 

The speed of the uniform movement of flame, under standard 
experimental conditions, in a mixture of any given inflammable gas 
w jth air or oxygen depends on the rate of reaction in that mixture, 
and is mainly determined, therefore, by the temperature of the burn- 
ing gases ( loc . cit., p. 49). It follows that with a given mixture (such, 
for example, as CH 4 -f~ 20 2 ) the greater the cooling effect of a gas 
added to the mixture the greater will be its retarding effect on the 
speed of the flame. Thus, methane, having the highest specific 
heat of the gases methane, oxygen, and nitrogen, is found to have 
the most marked retarding effect of the three. 

If the retarding action of an added gas were dependent solely on 
its cooling effect, that is to say, on its specific heat, a simple ex- 
planation could be offered for the Law of Speeds (T., 1922, 121, 364). 
A mixture with a given speed of flame may be obtained by adding a 
certain volume of methane to the mixture 0H 4 -f 20 2 . A different 
mixture having the same speed of flame may be obtained by adding 
a. different volume of nitrogen to the same unit volume of CH 4 + 20 2 . 
These different volumes of methane and of nitrogen would, perforce, 
hare the same heat capacity if this supposition were correct; that 
is to say, they would require the same amount of heat to raise them 
to the temperature of the burning gases. A complication is, 
however, introduced by the effect of mass-action. The probable 
magnitude of this effect will be considered later; in the meantime, 
it will simplify discussion to neglect it. 

Since these two volumes, the one of methane, the other of nitrogen, 
have the same heat capacity, then a given pro]K>rtion of the one could 
he replaced by the same proportion of the other without altering 
the total heat capacity of either, or altering the retarding effect of 
either on the speed of flame. 

This is in effect what is done when two gas mixtures having the 
same speed of flame are mixed together. A simple example will 
help to make this elear. Imagine two mixtures with the same speed 
of flame produced by diluting the basic mixture CH 4 — 20 2 with 
either methane or nitrogen, the composition of the one being 
CH 4 -f 2() 2 -f and that of the other being CH 4 ~ 20 2 A- 
It follows that ,rCH 4 and yX 2 will have the same heat capacity. 
Xow, if half the diluting gas in the first mixture is replaced by half 
the diluting gas in the second mixture, the resulting mixture will 

have the composition CH 4 4- 20 2 4- *CH 4 4- Tlu* quantity 
of diluting gas is now ;(CH 4 4- ; this will have the same heat 
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capacity as either #CH 4 or t/N 2 , and the new mixture will therefore 
have the same speed of flame as the original mixture. Exactly 
the same mixture would be obtained by mixing together equal 
volumes of the original mixtures, giving a mixture of the com. 
position CH 4 -f 20 2 + a'CH* + CH 4 -j- 20 2 -f ?/N 2 , or 2 volumes of 

CH 4 + 20 2 -f- *CH 4 -f |n 2 .* From the law of speeds it is known 

that this mixture will have the same speed of flame as either of the 
two original mixtures. 

Fin. 1. 



It will be seen that the law of speeds can be explained on the 
assumption that any addition of incombustible gas, inflammable 
gas, or oxygen to a mixture of inflammable gas and oxygen in 
combining proportions has a retarding effect on the speed of the 
uniform movement of flame proportional to its specific heat. 

* It 1ms been emphasised in earlier papers that the law of speeds c*an only 
bo applied to similar mixtures, containing excess of oxygen or containing 
excess of inflammable gas. The reason for this will now he apparent, for the 
mixing together of two unlike- mixtures corresponding with, sav r CH, r 
20 s -f aCII 4 and CJI 4 -f 20 2 -f- bt) 2 will result in alteration of the quantity 
of the basic mixture, C"H 4 20.,. present. Some of the added methane or 
the first mix tyre would combine with some of tho added oxygen of dn 1 
second, and would no longer act as diluting gas, so that the speed of fla ,ne 
would be increased. 
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This explanation of a law which was first enunciated as a purely 
empirical relationship, observed between the speeds of the uniform 
movement of flame in complex gas mixtures, has proved useful in 
many ways. One of these is the prediction of the application of 
the law of speeds to other modes of propagation of flame within 
certain limits. 

The diluting or retarding effect of added gas, both combustible 
and incombustible, to a given gas mixture has its counterpart in 
the propagation of the expiosion-wave. Dixon has shown (Phil. 

Fig. 2. 



b 11UUU1 "S e,tect of the addition of oxygen and 

thn former the addition'of hydroLaat 0 .i 1 ' 0 lU ‘'‘" rl " movement in tlml wilii 
‘o ‘he mixture cT+^tT «« the »«t«e 2H, + 0, ami of me, bane 

^ ° f th ° »»“» movement tT,^. 
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nitrogen on the rate of detonation of electrolytic gas has been 
shown by Dixon to be proportional to the respective densities of 
the gases. Densities are additive properties just as are specific 
heats; for weights are additive just as are heat capacities. Hence 
it follows that the law of speeds should hold for the detonation- 
wave in mixtures of hydrogen, oxygen, and nitrogen in which 
the oxygen is present in sufficient quantity to burn the hydrogen 
completely. 

In order to test the truth of this conclusion, Professor Dixon 
kindly allowed a series of experiments to be carried out in his 
laboratory with a number of mixtures of hydrogen, oxygen, and 
nitrogen of different compositions, using the original apparatus 
in which his experiments were carried out. These experiments, 
which are described in another communication, have shown that 
the law of speeds holds exactly for the rate of detonation in these 
mixtures. The fact must be emphasised that the law of speeds 
applies to these mixtures for a similar, but not the same, reason for 
which it a])plios to the uniform movement of flame. 

This reason for the application of the law of speeds to the uniform 
movement of flame also serves to explain certain peculiarities 
observed in the results of the early experiments that were made to 
test the truth of the law. It was found that the law did not hold 
exactly with all gaseous mixtures. Appreciable differences, small, 
but beyond the limits of possible experimental error, were found 
between the observed and calculated values for the speeds of flame 
in complex gas mixtures. There was evidently some other factor 
which either prevents or assists to a slight extent the retarding 
effect of the added gas or gases. 

We have assumed in the reasoning outlined above that the rate 
of reaction is dependent entirely on the temperature of the reacting 
gases, and that in mixtures of one particular gas and air or oxygen 
the mixture with the highest temperature will also have the highest 
speed of flame. The rate of reaction, however, will also depend on 
the concentrations of the reacting gases. It has been shown 
(T., 1920, 117, 49) that, for a given combustible gas, the mixture 
with the highest calorific effect is not necessarily the mixture with 
the maximum speed of flame, which is sometimes obtained in a 
mixture of different composition. The difference in composition 
betw een these mixtures has been termed the “ displacement of 
the maximum -speed mixture. The nature of the displacements 
observed confirms the supposition that they are due to the effect 
of mass action. In the same way it would appear that the small 
differences between observed and calculated values for the speeds 
of flame are also due to the effect of mass action. 
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Reference to Fig. 2 will show that the retarding effect of oxygen 
oft the speed of the uniform movement of flame in the mixture 
20 2 is rather less than that of nitrogen, although the specific 
heats of nitrogen and oxygen are approximately the same. The 
reason for this was suggested in Part IV of this series of papers 
(loc. cit P- 56). Since the rate of reaction depends not only on the 
temperature, but also on the concentrations of the reacting gases, 
the fact that the oxygen can take part in the reaction will cause 
its retarding effect to be less than that of another gas of the same 
specific heat which cannot take place in the reaction; because, 
although the temperature effect may be the same, the mass-action 
factor is greater when the diluting gas is reactive, and therefore the 
rate of reaction in this mixture would be greater. If we consider 
the two mixtures with the same calorific effect, (1) 0H 4 4 - 20 2 -f z0 2 , 
and (2) CH 4 -f 20 2 4~ yX T 2 ’ speed of flame in these two mixtures 
wonid be the same if it depended solely on the temperature. If the 
specific heats of oxygen and nitrogen are assumed to be the same 
exactly, x = y. The mass-action factor is given by the expression 
Cch, * ^ unit quantity of methane * is taken in both 

mixtures, 


Cau X G* 


1 (2 + x)* 

3 + **( 3 + *)* 


( 1 ) 


and 


C'ea, X G y oj 


1 2 - 

5 -i- y ' (3 -r vV 


■ ( 2 ) 


Since x ~ y, (1) is always greater than (2), and therefore the rate 
of reaction is always greater in mixture (1) than in mixture (2), 
even although the calorific (‘fleet of the two mixtures is the 
same. 

Lot us now consider what effect the coming into play of mass 
action will have on the application of the law of speeds in mixtures 
of two inflammable gases with air or oxygen. It will simplify 
explanation if a particular example be chosen. The upper limit 
of methane in air in a horizontal tube, 2*5 cm. in diameter, was 
found to be 13‘3 per cent. The upper-limit mixture of hydrogen 
in air under similar conditions was found to contain 7F4 per 
cent, of hydrogen. If from these values the limit for the mixture 
CH 4 -f H 2 is calculated by means of the law of speeds, the value 


* The mass-action factor gives a relative measure of the number of fruitful 
collisions taking place between inflammable gas ami oxygen in unit time. 
Taking unit quantity of inflammable gas alToixis n imuspro of the chances 
of each molecule of the inflammable gas entering into chemical combination 

with oxygen in that pcruxL 
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obtained is 22 ‘4 per cent. The composition of the three limit 
mixtures is as follows : 


1. 2. 3. 

Hydrogen 71*4 — 11-2 

Methane — 13-3 11-2 

Oxygen 6*5 18-2 16-3 

Nitrogen 22- 1 68-5 61-3 


The value for the mass-action factor is given by the expression 
G 2 n s X G 0 , for the reaction 2H 2 + 0 2 , and C CRi X G\ for the 
reaction CH 4 -f 20 2 . For unit volumes of methane and hydrogen 
the factor in each of the three mixtures becomes : 


For hydrogen 

(71*4 X 71*4 X 6*5)/7I*4 - 464 in ([) 

and (11*2 x 11*2 x 16*3)/U*2 ^=182 ...... i n (3) 

And for methane 

(13-3 X 18*2 X 18-2 )/13*3 - 331 in (2) 

and (11*2 X 16*3 X 16*3)/16*3 = 205 in (3) 


That is to say, the factor for each gas is less in the calculated 
complex mixture than in each of the simple mixtures.* The speed- 
law calculation is made, however, on the assumption that the rate 
of reaction in all three mixtures is the same, since their caloritic 
effects arc flic same. But the rate of both reactions will be less in 
the complex mixture, on account of the effect of mass action; 
instead of this mixture being a limit mixture (that is to say, a mixture 
just able to support combustion), the result will be that it will not 
be able to do so, and the mixture must have more air added to it 
before the rate of reaction becomes sufficiently great, owing mainly 
to increased temperature, for it to allow of complete and independent 
propagation of flame. The value found experimentally for the limit 
in this mixture was 20*8 per cent. 

Similarly, if two mixtures having the same speed of flame are 
mixed together, the resulting mixture will have a slightly lower 
speed, since the rates of the reactions in this complex mixture will 
be less than in the respective simple mixtures. 

In this illustration limit mixtures have been utilised to simplify 
the wording. Any 7 mixture of two (similar) mixtures having the 
same speed of flame could have been chosen ; for example, the two 
mixtures of methane in air and hydrogen in air that have a speed 
of flame of 50 cm. per second. The law of speeds applies to limit 
mixtures because the speed of flame in limit mixtures of most 

* In other word§, the number of fruitful collisions of methane with oxygen 
and of hydrogen with oxygen in unit time will be less in the complex mixture 
than in the respective simple mixtures, 
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inflammable gases in air, taken singly, is approximately the same ; 
ff hen some other speed is chosen, other than the speed at the limits, 
the same result is obtained. 

for case of reference, it is convenient to make use of special 
mixtures such as “ maximum-speed mixtures,” “ mixtures for 
complete combustion,” or “ limit mixtures.” Similar calculations 
with these mixtures indicate that the speed of the uniform movement 
of flame actually obtained in most of the complex gaseous mixtures 
which have been examined should be less than that calculated from 
the law of speeds. 

The observed and calculated speeds of flame in maximum-speed 
mixtures and mixtures for complete combustion are given in Tables 
I and II, and the differences observed are in agreement with the 
theory that has been outlined, that is, the actual speeds of flame are 
less than those calculated. 

Table I. 

Maximum-speed Mixtures. 

Maximum speed of uniform movement of flanio. 

On. per second. 


Mixture, Calc. Found. Diff. 

SC.H., -f 2H 2 100 89*o • 10*. > 

CH*tC 4 H 12 78-5 78-3 ~ 0-2 

CH 4 + H a 100 130 -10 

3CIf* -f- H s 99 85 -14 

Coul gas 104 104 — 10 

Producer gas 80 72 — 13 


Table II. 

Mixtures for Complete Combustion. 

Speed of uniform movement of flame. 


Mixture. Calc. Found. Diff. 

H s -f 3CH 4 90 85 - 10 

H, -I- CII 4 149 135 - 14 

Ml, t CH 4 240 240 - 0 


Any factor which reduces the speed of flame in a limit mixture 
will render that mixture incapable of self -propagation of flame. 
Hence we would expect that the upper limit of inflammability of a 
complex mixture would always be less than the value calculated. 
An actual comparison is given in Table III. 

Table III. 

Upper -li m it M ixt u res. 




Upper limit. 


Mixture. 

Calc. 

Found. 

Diff. 

- 2H 3 

.. 8-B 

85 

00 

t'H 4 + CjHjj 3 


7-7 

00 

CH, 4- U t ... 

22-4 

20-8 

- 16 

P.rH a 

1IV7 

J5-5 

- 1-2 

Coal gas 

20-4 

24-3 

- 21 
Q* 2 
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It would be expected that the mass-action effect would become 
less important when the percentage of oxygen is greatly in excess of 
that required to burn the inflammable gas completely. Calculation 
supports this view; thus, in the lower-limit mixture of CH 4 4- H 2 
the mass-action factor for unit volume of methane is slightly 
higher than in the lower-limit mixture of methane alone, and the 
factor for hydrogen is reduced, but to a much less extent than was 
seen to obtain with the upper-limit mixtures. Examination of 
the curves given in earlier papers will show that the agreement 
between observed and calculated values is quite close when the 
oxygen is in excess, and the law of speeds has been shown to apply 
very accurately to lower-limit mixtures. 

The law of speeds as applied to the uniform movement during 
the propagation of flame can therefore be explained on the assump. 
tion that the variations in the speed of flame as determined under 
standard conditions with mixtures of different compositions depends 
on the rate of reaction between the inflammable gases and oxygen in 
the flame front. The law of speeds would hold exactly if this rate of 
reaction was dependent solely on the temperature, so that excess of 
either inflammable gas, oxygen, or of incombustible gas could be 
regarded as behaving simply as diluting gas, lowering the reaction 
temperature, but taking no part in the reaction. The fact that the 
rate of reaction must also depend on the concentrations of the react- 
ing gases results in small divergences from the law when the oxygen 
is in deficit. The correction necessary to allow for this cannot he 
correctly estimated, but the general effect of this factor is to make 
the speeds of the uniform movement of flame in complex mixtures 
rather slower than the speeds calculated from the law of speeds. 

Department of Fuel Technology*, 

The University, Sheffield. [Rcceircd, December 2Ut, 


MU— The Rale of Detonation in Complex Gamm 
M ixtares . 

By William Payman and Noel Stanley W alls. 

In the preceding paper it was suggested that the law of speeds should 
apply to the rate of detonation in mixed gases containing su uen 
oxygen for the complete combustion of the inflammab c gases- 
The necessity for this limitation will be apparent if we compare « 
effects of change of composition of a mixture of one rnflamma 
gas with air or oxygen on the speed of propagation of flame an 



the KATE OF DETONATION IN COMPLEX GASEOUS MIXTURES. 421 

“detonation ” and during the initial, slow, “uniform movement” 
of flame. 

With both phases of propagation there are limits beyond which 
that mode of propagation cannot be set up. The “ limits of in- 
flammability ” of an inflammable gas in air or in oxygen can be 
determined, for any given set of conditions, with great accuracy, 
but the limits of detonation can only be estimated roughly, since 
they depend apparently on the mode of ignition, and in mixtures 
near the limit of detonation there is no positive means of determining 
whether the flame is propagated by detonation or not (or partly by 
detonation and partly by other means), since the flame may attain 
an extremely rapid speed of propagation without detonation being 
set up. 

Interesting and important deductions from the law of speeds are 
(1) that the addition of any inflammable gas to the lower-limit 
mixture of the same or any other inflammable gas in air or oxygen 
will result in an increase in the speed of the uniform movement of 
game in the mixture ; (2) that addition of inflammable gas to the 
maximum -speed mixture of any inflammable gas in air or oxygen 
will result in a reduction of the speed ; and (3) that addition of 
inflammable gas to the upper-limit mixture of any inflammable 
gas will result in the mixture being rendered incapable of self- 
propagation of flame. 

Herein, so far as the present research is concerned, lies the main 
distinction between propagation by the uniform movement and by 
detonation. The addition of inflammable gas to the “ lower-limit 
detonating-mixture ” will result in an increase in the rate of detona- 
tion in the mixture, but with further increase in the concentration 
of inflammable gas a point is at last reached when the addition of 
one inflammable gas may increase the rate whereas the addition 
of another inflammable gas may reduce it. Thus, the addition of 
hydrogen to electrolytic gas (2H 2 -f O.J increases the rate of 
detonation, whilst addition of carbon monoxide lowers the rate. 

There would appear to be no maximum-rate detonation- 
mixture in the same sense' as there is a maximum-speed mixture 
with the uniform movement of flame. Thus, with hydrogen and 
oxygen the ” upper-limit detonating mixture has a greater rate of 
detonation than any of the more dilute mixtures. With methane 
and oxygen the rate of detonation increases with increased per- 
centage of methane until there is 30 per cent, of methane present; 
inth further addition of methane the rate decreases. The rate of 
detonation in a mixture of methane and oxygen containing 50 per 
cent, of methane is 2513 metres per second. With 53:3 per cent, of 
methane, the rate is 23SS metres per second, and with 57T per cent. 
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Fig. 1. 


of methane the detonation-wave is not set np.* It is quite possible 
that the addition of hydrogen to the “upper-limit detonating 
mixture ” of some other gas might increase the rate of detonation 
instead of preventing detonation altogether. 

It will be evident, then, that any application of the law of speeds 
to propagation by the explosion -wave will necessarily be limited 

Only that portion of the 
law of speeds which has 
been termed the “ speed 
generalisation ” will apply 
to this phase (T., 1919, 115 
1447); that portion deal- 
ing with “limit mixtures” 
and with “ maximum-speed 

mixtures ” will not apply, 
The application of the law 
of speeds is also limited to 
mixtures of the same kind 
containing excess of oxygen 
or excess of inflammable 
gas. With the mixtures 
used for the present re- 
search this restricts us to 
using only mixtures con- 
taining excess of oxygen. 

Two series of experi- 
ments have been carried 
out, and the procedure in 
both was similar to that 
adopted in the work on the* 
speed of the uniform move- 
ment of flame in complex 
gaseous mixtures. The first measurements of the rate of detonation 
* The maximum and minimum speeds of propagation of flame (1) in the 
detonation-wave and (2) during the uniform movement of flamo in a hori- 
zontal tube 2-5 cm. in diameter are given in the following table, which 
illustrates in an interesting manner the differences to which reference has 
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Detonation -wave. 

Uniform 

movement. 



Speed of 


Speed oi 



flame. 


flame. 


Methane. 

Metres 

Methane. 

Metres 


Dor cent. 

per sec. 

per cent. 

per see. 

Lower-limit mixture 

. 1M 

1678 

5-7 

0- 199 

Upper-limit mixture 

. 53-3 

2388 

59-2 

0-189 

Maximum-speed mixture 

50-0 

2508 

33-3 

55 
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were made with mixtures of hydrogen, oxygen, and nitrogen. As 
in the determinations of the speed of the uniform movement of 
flame in mixtures of methane, oxygen, and nitrogen (T., 1920, 117, 
52 ), different “ atmospheres ” or mixtures of oxygen and nitrogen 
w ere first prepared. The rates of detonation were then measured 
jn a number of mixtures of the inflammable gas — hydrogen in this 
scries of experiments— with each of these atmospheres. The 
method of measurement and the apparatus used were exactly 
the same as those used by Dixon (Phil. Trans., 1893, 184, 97). 

The results are given in Table I. The values obtained were plotted 
on a speed-percentage graph and by interpolation the compositions 
of the different mixtures having a given rate of detonation were 
obtained. It has been shown (T., 1919, 115, 1439) that if the law 
of speeds holds with mixtures of an inflammable gas, oxygen, and 
nitrogen, then, if the compositions of different mixtures having a 
given speed of flame are plotted on a graph whose axes represent 
the composition of the mixture, all the values (for mixtures of the 
same kind) will lie on a straight line. Such a graph is shown in 
Fig. 1, for a number of different rates of detonation, percentages of 
hydrogen being plotted against percentages of oxygen. 


Table I. 

Kales of Detonation in Mixtures of Hydrogen, Oxygen, and Nitrogen. 
Atmosphero 100 per cent. 0 2 . 


Hydrogen. 

Oxygen. 

Kate of detonation. 

Per cent. 

Per cent. 

Metre; 

3 per second. 

22*2 

77*8 


1600 

25-0 

75-0 


1603 

33-3 

66*7 


1917 

600 

60*0 


2311 

(30*7 

33-3 


2817 

80-0 

20*0 


3278 

85*5 

14*5 


3527 

88-0 

111 


3532 


Atmosphere 66*0 per cent. O a . 


Hydrogen, 

Oxygen. 

Nitrogen. 

Rate of detonation. 

Per cent. 

Per cent. 

Per cent. 

Metres per second. 

25*0 

50*0 

25*0 

1756 

33-3 

44*4 

22*3 

1961 

50-0 

33*3 

lii-7 

2374 

06*0 

22*2 

11-2 

2822 

75*0 

16*7 

8*3 

3090 

800 

13*3 

6-7 

3137 


Atmosphere 5* 

9 per cent. O,. 


Hydrogen. 

Oxygen. 

Nitrogen. 

Rate of detonation. 

Per cent. 

Per cent. 

Per cent. 

Metres per second. 

33*3 

33*3 

33*3 

1990 

50*0 

250 

250 

2388 

66*6 

16 0 

10*0 

2767 

750 

12 5 

12 5 

2S40 



424 PAYMAN AND WALLS I 

Table I.— {continued). 


Atmosphere 40 per cent. CL. 


Hydrogen. 

Oxygen. 

Nitrogen. 

Rate of detonation. 

Per cent. 

Per cent. 

Per cent. 

Metres per second. 

33*3 

26-6 

40-1 

2010 

500 

200 

300 

2383 

000 

13-3 

204 

2655 

714 

114 

17-2 

2675 


The dots represent values interpolated from the experimental 
results in the manner already described. The diagram shows 
clearly that the law of speeds holds for the rates of detonation in 
mixtures of hydrogen, oxygen, and nitrogen when the oxygen is 
present in sufficient quantity to burn the hydrogen completely to 
steam. 

Table IT. 

Rates of Detonation} in Mixtures of Methane, Hydrogen , and Oxygen 


Methane. 2CH, + H 2 . 


Methane. 

Rate of detonation. 

Inflammable 

gas. 

Rate of detonation, 

Per cent . 

Metres per second. 

Per cent. 

Metres per second. 

Ill 

1078 

14*3 

1728 

20*0 

1980 

25-0 

2050 

25-0 

2140 

40*0 

2444 

33*3 

2337 

404 

2540 

400 

2405 

50*0 

2005 

50-0 

2513 

54-5 

2079 

53*3 

2388 

00*0 

2000 

ch 4 

-s- h 2 . 


C1I 4 + 2H,. 

Inflammable 

gas. 

Rate of detonation. 

Inflammable 

gas. 

Rate of detonation. 

Per cent. 

Metres per second. 

Per cent. 

Metres per second. 

13-8 

1532 

14*3 

1449 

21-0 

1875 

15-8 

1582 

444 

2404 

10*7 

1000 

50-0 

2501 

20* o 

1704 

574 

2097 

33*3 

2094 

00-7 

2004 

50-0 

2474 


54-5 25 72 

00-7 2782 


Hydrogen. 

Hydrogen. 

Rate of detonation. 

Per cent. 

Metres per second. 

22*2 

1600 

25*0 

J 093 

33*3 

1917 

50*0 

2311 

00*7 

2817 

80*0 

3278 

85-5 

3527 

88*9 

3532 
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The second scries of determinations was carried out with mixtures 
0 f methane and hydrogen with oxygen. As in the experiments on 
the speed of the uniform movement of flame, different mixtures of 
methane and hydrogen were first prepared, and the rates of detona- 
tion then measured in a series of mixtures of each methane-hydrogen 
mixture with oxygen. The results obtained are given in Table II. 


Fig, 2. 



The rates given are the mean of a series of determinations with each 
nurture. The accuracy with which a determination could be 
epoated differed with different mixtures, but the maximum differ- 
we observed in any one series with the same mixture was about 
to metres per second, a difference of between 1 and 2 per cent, on 
-he speeds measured. 

The results are plotted in Fig. 2. The dotted lines show the values 
tor the intermediate mixtures, calculated by means of the law of 
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speeds, for mixtures containing excess of oxygen. Good agreement 
is shown with the mixtures CH 4 -f* H 2 and CH 4 -f- 2H 2 . The 
calculated values are uniformly low by 20 to 30 metres per second 
with the mixture 2CII 4 + H 2 ; that is to say, from 1 to 2 per cent 
on the speed measured, but this difference is not greater than the 
greatest experimental difference in the recorded speeds. 

The law of speeds therefore applies, within the limits of experi- 
mental error, to the rate of detonation in mixtures of hydrogen 
oxygen, and nitrogen, and in mixtures of methane and hydrogen in 
oxygen in which the oxygen is present in sufficient quantity to 
burn the inflammable gas completely to steam or to carbon dioxide 
and steam. 

There remains the not unlikely possibility that the law of speeds 
will apply to other, non-uniform phases in the propagation of flame. 
This will be examined during the course of other work, carried out 
with the main intention of investigating other problems of flame 
propagation and gaseous explosions. 

Department of Fuel Technology, Chemical Department, 

The University, Sheffield. The University, Manchester. 

[ Received , December 21$/, 1922.] 


LIY . — The Effect of Pressure on the Limits of In - 
flammability of Mixtures of the Paraffin Hydro- 
carbons ivith Air . 

By W illia m Payman and Richard Vernon Wheeler. 

It has been shown by Mason and Wheeler (T., 1918, 113, 45) that 
the effect of increased initial pressure, above atmospheric, on the 
limits of inflammability of hydrogen and of carbon monoxide in 
air is to narrow the limits on both sides; that is to say, more 
inflammable gas is necessary to form a lower-limit mixture and more 
air is necessary to form an upper-limit mixture. This was also 
found to be so with methane at the lower limit, but the upper 
limit was extended as the pressure was increased. 

It had been anticipated, from the law of mass action, that increase 
of pressure would extend both limits with all gases. The most 
probable explanation for the observed narrowing of the limits in 
most instances would appear to be that suggested by Terres and 
Plenz (J. Gasbeleucht 1914, 57, 990, 1001, 1010, 1025), namely, that 
loss of heat from a gas at high pressure is due to a greater extent to 
convection than to conduction, and increases with the pressure. 
If this explanation is coiTect, the behaviour of the mixtures of 
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methane and air under high pressures at the upper limit must be 
regarded as abnormal, and demands further study. 

In the present research the experiments have been continued in 
order to find out whether mixtures of air with other paraffin hydro* 
carbons would behave in the same manner as methane-air mixtures. 
Experiments have also been carried out to test further the suggestion 
0 f Terres and Plena regarding the transference of heat by con* 
vection at high pressures. The experimental method was the same 
as that used by Mason and Wheeler, except that a longer glass tube 
(40 cm. instead of 18 era.) of 2 cm. internal diameter was used. The 
criterion of inflammability was, as before, propagation of flame 
downwards. The results of the first series of experiments are given 
in Tables I and II. 

Table I. 


Lower Limits. 


Downward propagation of flarne. 


(a) Ethane. 


Pressure. 

Limit. 

mm. 

Per cent. 

700 

3- 13 

1 700 

.‘M3 

2150 

3 15 

3440 

319 

4200 

3-22 


Ethane 3 '24 per cent. : Complete 
propagation at all pressures tried. 

Ethane 3-08 per cent. : Complete 
propagation not obtained at any 
pressure tried. 


(r) Butane. 


Pressure. 

Limit. 

jam. 

Per cent, 

7(50 

1-92 

970 

1*89 

1430 

1*8(5 

24(50 

1-8*5 

3150 

1-89 

4330 

1-92 


(6) Propane. 


Pressure. 

Limit. 

mm. 

Per cent. 

7(50 

2*40 

940 

2*30 

2(520 

2*3(5 

3400 

2*40 

4270 

2 44 

Propane 2-48 

per cent. : Complete 

propagat (on at all pressures tried. 

Propane 2*32 

per cent. : Complete 

propagation not obtained at any 
pressure tried. 

(d) Pentane. 

Pressure. 

Limit. 

mm. 

Per cent. 

7(50 

1*75 

3280 

1*68 

1040 

1*01 

1790 

1*59 

2050 

1*59 

370*i 

101 

42MJ 

1-08 


butane 1-0S per rent. : Complete 
propagation ul all pressures tried. 
Butane 1-84 per cent, : Complete 
propagation not obtained at any 
pressure tried. 


Pentane 1-75 j>er cent. : Complete 
propagation at all pressures tried. 

Pentane 1-54 per cent. : Complete 
propagation not obtained at any 
pressure tried. 


These results arc shown diagraramaticallv in Fig. 1, together with 
those for methane previously determined. It will be seen that when 
the initial pressure of the mixture exceeds a certain value, which 
differs with each hydrocarbon, the lower limit is narrowed in each 
instance. With methane on l)” is this critical pressure less^than 
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atmospheric ; and whilst, therefore, any increase in pressure above 
atmospheric at once increases the lower limit of methane, with the 
other hydrocarbons there is at first a slight extension of the limit. 
This extension is greatest with mixtures of pentane and air, with 
which it amounts to about 0 2 per cent, of pentane ; and it continues 
until the initial pressure of the mixtures exceeds 3000 mm., after 
which the limit is narrowed. 

The pressure at which narrowing of the lower limit occurs appears 
to be higher the higher is the molecular weight of the inflammable 
gas. 

The upper limits were more sharply defined than the lower limits. 
The upper-limit mixtures of pentane and of butane with air deposited 
carbon when the initial pressure was atmospheric, as did the limit 
mixtures containing more of each inflammable gas at the higher 


Fiu. 1. 



pressures. Limit mixtures of air with either propane or ethane did 
not deposit carbon when the initial pressure was atmospheric, but 
their limit mixtures at higher pressures did. The passage of flame 
in these upper-limit mixtures, more especially at the higher pressures, 
resulted in marked heating up of the walls of the glass tube, and it 
was necessary to allow a considerable time to elapse between each 
experiment for the tube to cool, or the results of the experiments 
were erratic. The carbon deposited on the sides of the tube did not 
appear to affect the results, but the tube was cleaned frequently 
between experiments with a mixture of concentrated sulphuric 
acid and sodium dichromate. The results obtained are recorded in 
Table II. 

These results are shown diagrammatically in Fig. 2, the results for 
methane being included for comparison. The effect of increasing 
the initial pressure of the mixture on the upper limit is to widen it, 
and the effect is nearly the same with each of the paraffin hydro- 
carbons; their behaviour at the upper limit thus differs from that 
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Table II. 

Upper Limits. 

Downward propagation of flame. 


(a) Kthane. (6) Propane. 


pressure. 

Limit. 

Pressure. 

Limit. 

ram. 

Per cent. 

mm. 

Per cent. 

760 

9-85 

760 

6-69 

1220 

1005 

1320 

6*88 

1850 

10-25 

2300 

7-03 

2300 

10-45 

2670 

7*12 

3190 

10-80 

3760 

7-35 

4280 

IMG 

4740 

7-49 

(c) Butane. 

(d) Pentane. 

Pressure. 

Limit. 

Pressure. 

Limit. 

min. 

Per cent. 

mm. 

Per cent. 

760 

5-50 

760 

4-68 

1120 

5-54 

1790 

4*91 

1790 

5-05 

2780 

5-12 

2570 

5*75 

3760 

5-32 

3550 

5-87 

4220 

5-42 

4380 

6-00 




Fir;. 2 . 



of hydrogen and carbon monoxide at both limits, and from their 
own behaviour at the lower limit. 

The general tendency of increased initial pressure can be regarded 
as a tendency to shift the range of inflammability of each of the 
paraffin hydrocarbons. Thus with methane at atmospheric pressure 
the range of inflammability in air lies between G'O and 13'0 per cent, 
(downward propagation of flame). Under the same conditions of 
experiment, the range lies between G 4 and 10 0 per cent, when the 
initial pressure of the mixtures is six atmospheres. 

It has been shown (T., 1920. 117,48) that if, for the sake of argu- 
ment, the “ flame -temperature " is assumed to be the same with all 
inflammable mixtures of methane and air, then, from the law of 
mass-action, the mixture in which the rate of reaction would be the 
fastest would contain 33 3 per cent, of methane. Since, however, 
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the “ flame-temperature ” varies according to the composition of the 
mixture, and is presumably at a maximum when the mixture con- 
tains the quantity of methane (9*45 per cent.) necessary for complete 
combustion, the most rapid rate of reaction and the fastest speed of 
uniform movement of flame are obtained with mixtures not far 
removed in composition from 9 ‘45 per cent, of methane; whilst at 
ordinary temperatures and pressures a mixture of methane and air 
containing 33*3 per cent, of methane will not propagate flame. 

The shifting of the range of inflammability as the initial pressure 
is increased would seem to indicate that the “ flame-temperature,” 
or, possibly, the lowest temperature at which flame begins to pro- 
pagate, approaches a constant value over the whole range of 
mixtures as the initial pressure is increased. The shifting of the 
range of inflammability is in the direction one would expect if 
this reasoning is correct, not only with methane, but also with the 
other paraffin hydrocarbons.* 

With mixtures of air with carbon monoxide and with hydrogen, 
the mixture in which the maximum rate of reaction would occur, 
according to the law of mass-action, would contain 66*6 per cent, of 
the inflammable gas (assuming, as before, that the flume -temper- 
atures of all the mixtures were the same). Since the upper-limit 
mixture with both hydrogen and carbon monoxide contains more 
than 66*6 per cent, of inflammable gas, there is no movement of the 
range of inflammability and the limits arc narrowed at both sides 
by increase of initial pressure. 

Although this explanation would appear to be satisfactory so far 
as the widening of the upper limit of mixtures of methane (or other 
paraffin hydrocarbon) and air is concerned, there still remains to be 
explained the fact that the lower limit is narrowed. Since with 
each inflammable gas there is a limiting pressure below which no 
mixture of it with air will propagate flame, the first effect of increas- 
ing the pressure above this limiting pressure must be to widen the 
limits of inflammability at both sides. As the increase of pressure 
is continued, it is found that either or both of the limits may be 
narrowed. It has already been shown that the pressure at which 
this narrow’ing occurs on the lover-limit side differs with different 
inflammable gases ; and there is no reason to doubt but that at 
considerably higher pressures than those employed in this research 
the upper limits (downward propagation of flame) of the paraffin 
hydrocarbons would be narrowed also. 

* It is interesting to note in this connexion that Mason and Wheeler [he. 
cit.) observed that wJjen mixtures of methane and air were at an initial tem* 
perature greater than 600°, the range of inflammability was extended rapidly 
at the upper limit as the initial temperature was increased. 
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The explanation advanced by Terres and Plenz {loc. cit.) for the 
narrowing of the limits can only apply to downward propagation of 
flame. During the upward propagation of flame heat transferred 
by convection would not be lost, but would be utilised in raising the 
temperature of portions of the mixture about to be burnt. 

Experiments to determine the limits of inflammability with 
upward propagation of flame, and with high initial pressures of the 
mixtures, have not been successful. An electric spark of high intensity 
has to be employed to ignite mixtures at high pressures, and such 
sparks produce large “cap3 ” of flame in mixtures which are not 
capable of continued self -propagation of flame. These caps often 
extend throughout the length of the explosion tube and render it 
impossible to observe whether independent propagation of flame 
can take place or not. 

Experiments in which the propagation of flame was horizontal 
were more successful and serve our purpose because, whether or not 
the flames in limit mixtures arc assisted by convection currents 
during horizontal propagation, they arc certainly not retarded by 
them. can therefore judge from such experiments as to the 
validity of the suggestion of Terres and Plenz. 

Ihe lower limit of inflammability of methane in the apparatus 
used, horizontal propagation of flame, was 5 62 per cent. This 
mixture propagated flame at ail pressures tried from 760 to 5000 
mm. A mixture containing 5*50 per cent, of methane did not give 
complete propagation of flame at any pressure tried. The lower 
limit of inflammability of methane in air is therefore unaltered by 
variation in pressure between 760 and 5000 mm., when the flame 
propagates horizontally. 

These results, and those at the upper limit, are recorded in Table 
HI, and the latter are also shown diagrammatically in Pig 2 for 
comparison with the results obtained when propagation of flame was 
downwards. 

Table III 
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It will be seen that the effect of pressure in extending the upp er 
limit of inflammability of methane in air is more marked when the 
propagation of flame is horizontal than when it is downwards, 
These experiments confirm the suggestion of Terrcs and Plenz, 

Experiments at Reduced Pressures. 

Although the experimental method did not lend itself to a study 
of the effect of high initial pressures on the limits of inflammability 
when the propagation of flame is vertically upwards, a modification 
of the method enabled such observations to be made at comparatively 
low initial pressures, at all events as regards the upper limit; at 
the lower limit, upward propagation was masked by the production 
of large “ caps ” of flame above the spark used to effect ignition. 

The apparatus used for these experiments consisted of a glass 
tube closed at both ends, 5 cm. in diameter and 50 cm. long. At 
one end platinum electrodes were fused and the other end was fitted 
with a tap, which made connexion with a gas-holder containing the 
mixture to be experimented with and an oil-pump for exhausting 
the tube before admitting the mixture. A mercury manometer was 
placed between the explosion vessel and the gas-holder. 

The method of experiment, which w'as similar to that used for 
the experiments at high initial pressures, was to determine two 
pressures, differing by 10 mm., at the higher of which flame was 
found to propagate completely, whilst at the low’cr only partial 
propagation occurred. A series of sparks from a “10 inch" 
X-ray coil was used for igniting the mixtures. At very low pressures 
(about 90 mm. at the lower limit and 180 mm. at the upper limit) 
this source of ignition was not powerful enough to ignite mixtures 
which may possibly have been able to support independent propaga- 
tion of flame had it once been started. With limit mixtures at 
pressure not too far removed from atmospheric, however, there was 
no doubt as to the correct limiting pressure, since a mixture which 
allowed of complete propagation of flame at that pressure only 
enabled flame to travel a few centimetres from the spark at a 
pressure 10 mm. lower. The results are recorded in Tables IV 
and V. 

These results are shown dia grammatically in Fig. 3, and are in 
good agreement with those obtained at pressures above atmospheric, 
although they cannot be directly compared with them because the 
diameter of the tube was greater (5 cm. as compared with 2 cm.). 
The dotted lines in Fig. 3 extend the curves to include the results 
obtained at high pressures in the tube 2 cm. in diameter, on the 
assumption that 'the diameter of the tube has not affected the relative 
values. 
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Table IV. 

Lower Limits. 


(a) Downward propagation. 


Methane. 

Limiting pressure, mm. 

Per cent. 

First limit. Second limit. 

5*75 

Only partial propagation at all pressures i 

5*80 

455 735 

5-90 

315 

5*99 

270 

6-12 

180 

6*48 

(Complete propagation at 90 mm.) 
(No flame appeared at 80 mm.) 

(6) Horizontal propagation. 

Methane. 

Limiting pressure. 

Per cent. 

mm. 

5*39 

760 

5*41 

575 

5*51 

380 

5*70 

320 

5*75 

285 

5*90 

215 

6*12 

120 

6-48 

(Complete propagation at 90 mm.) 
(No flarno appeared at 80 mm.) 

Table V, 

Upper Limits. 

(«) Downward propagation. 

Methane. 

Limiting pressure. 

Per cent. 

mm. 

13*38 

760 

13*35 

545 

13*23 

330 

12*89 

240 

12*21 

(Complete propagation at 180 mm.) 
(No flame appeared at 170 mm.) 

(6) Horizontal propagation. 

Methane. 

Limiting pressure. 

Per cent. 

nnn. 

15 11 

745 

13*94 

405 

13*59 

3011 

13-21 

260 

12*89 

210 

12*21 

(Complete propagation at 160 nun.) 
(No flame appeared at 150 mm.) 

(r) t'pward propagation. 

Methane. 

Limiting pressure. 

Per cent. 

mm. 

14*28 

734 

13*94 

485 

13*59 

340 

13*23 

290 

12*89 

240 

12*21 

(Complete propagation at 170 mm.) 
(No flume appeared at 160 mm.) 
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Examination of these curves can leave no doubt but that the 
narrowing of the limits for downward propagation of flame under 
high pressures, when it occurs, is due to the action of convection 
currents, which must also affect the rate at which the limits widen 
with other modes of propagation. The fact that loss of heat hv 


Fig. 3. 



convection is greatest at high pressures may be explained on the 
reasonable assumption that the transference depends on the differ- 
ence of density of the hot and cold gases. 

Department of Fuel Technology, 

The University, Sheffield. [Received, January 31#/, 1HJ3.J 


LV . — Investigations on the Dependence of Rotatory 
Power on Chemical Constitution. Part XIX. The 
Rotatory and Refractive Dispersions and the Absorp* 
tion Spectrum of d -y-Nonyl Nitrile. 

By Robert Howson Pickard and Harold Hunter. 
Rotatory Dispersion. 

It has long been known that some connexion must exist between 
the rotatory dispersion of a substance and its absorption spectrum* 
Qualitative observations were recorded by Cotton (.1 nu. Chm. 
Phys ., 1896, [vii], 8, 373), who directed attention to the anomalous 
rotatory dispersion of the tartrates of chromium and copper in 
alkaline solution for light of wave-lengths approaching those of 
their absorption bands, whilst Grossmann and Loeb {Z. physical. 
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Chern 1910, 72 , 93) observed similar phenomena in the cases of 
aqueous solutions of sugars and tartrates to which various coloured 
salts had been added. Like results were obtained by Becquerel 
(Corrupt, rend., 1908, 147, 1281), who compared the rotatory dis- 
persion and the absorption spectrum of well-formed crystals of 
cinnabar— possibly the most powerfully optically active substance 
known. Stewart, however, drew the conclusion (T., 1907, 91, 91, 
1537) that no connexion could be found between the position 
of the absorption bands in the spectra of compounds and their 
rotatory powers, although he traced a parallelism between general 
absorptive power and rotatory power in the case of saturated and 
unsaturated acids, geometrical isomerides, homologous series, and 
active and racemic t artarie acids . More recently, Tschugae v and his 
co-workers (Z. physikal Chem 1913, 45, 481, 553) have investigated 
this subject and have traced a general, but not a quantitative, relation 
between selective absorption and “ abnormal ” rotatory dispersion for 
derivatives of menthyb, bornyl-, and fenchyl-xanthogenic esters. 

During the last decade, however, a great deal of attention has 
been directed to the form of the rotatory dispersion curves of 
organic compounds, a field of research in which Lowry and his 
collaborators have been conspicuously active. Many forms of 
dispersion equation have been proposed, but the one adopted, both 
by Lowry and also in this series of investigations, is that proposed 
by Drude on theoretical grounds * — 



* Hie soundness of which lias been, however, questioned by some mathe- 
matical physicists. 

It is interesting to note that- the earlier forms of dispersion equation which 
liave been proposed and subsequently rejected us experimental tests became 
more stringent ran all be derived as special oasi s of the Drude equation. 

For, when A 0 — 0, a - - k; A 2 (Biot), 
when A 0 <,\, we may write — 




and then, if \ is so much smaller than A that the series is very rapidly con- 
vergent, we get the equation 

a ~ A /A 1 -f 73/\ 4 (Boltzmann), 
from which, when A 0 is smaller still, is derived — 
a ~ C -f- Af\ 9 (Stefan). 

Finally, when A 0 is so small that we may write 

1 — A 0 ‘/a- - - (1 A 0 -, A')*, 

' ve § ct die equation due to Lmmnel. 

By a similar treatment of the Sellmeior equation (p. 439), it is possible to 
enve the refractive dispersion equation proposed at an earlier date by Cauchy. 
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where k 0 , etc., are constants determining the magnitude of the 
rotatory power, and X 0 , etc., are constants determining the form 
of the rotatory dispersion curve, and which correspond with wave- 
lengths of bands in the absorption spectrum of the substance. 

From an exhaustive analysis of the results obtained by the study 
of the rotatory dispersion of nearly thirty secondary alcohols 
(Lowry, Pickard, and Kenyon, T., 1914, 105, 94), of a- and (3-methyl 
glucosides (Lowry and Abram, Trans. Faraday Soc ., 1914, 10, 108), 
and especially of the data published by Rupc on the rotatory power 
of some forty compounds of the terpene series (Lowry and Abram, 
T., 1919, 115, 300), it has been shown that in most cases the simple 
Drude equation with one term, a = & 0 /(A 2 — Xy 2 ), expresses the 
rotatory dispersion of these compounds with an accuracy which 
exceeds that attainable in any one set of polarimetric observations. 
Lowry has suggested, further, that in those cases where the one. 
term equation is insufficient to express the variation of rotatory 
power with wave-length, a two-term equation, a = £ 0 /{X 2 — Xy 2 ) -f 
&j/(X 2 — Xj 2 ), is amply sufficient to do so. This has been demon- 
strated in a most striking manner for ethyl tartrate by Lowry and 
Cutter (T., 1922, 121, 532) for light of thirty-six wave-lengths from 
X = 6708 to X = 3860 A.U. 

Whilst the agreement between the observed rotations and those 
calculated by means of a Drude equation is most satisfactory, it 
is nevertheless regrettable from one point of view that in most 
of the cases hitherto examined Xy has a value in the neighbourhood 
of 1600 A.U., whilst in the case of ethyl tartrate (loc. cit.), the absorp- 
tion bands predicted by the Drude equation would have wave- 
lengths of about 1700 and 2400 A.U. That is to say, these bands 
have to be sought in a very remote and inaccessible region of the 
spectrum, where it would he very difficult to obtain direct experi- 
mental evidence of their existence. Even in the case of some 
derivatives of methylenecamphor (Lowry and Abram, T., 1919, 
115, 300) with Xy at about 3000 A.U., and of camphylcarbinol 
(loc. cit.) with X 0 at about 3200 A.U. no direct measurement of the 
actual positions of the bands has been made. Such experimental 
verification of the validity of the Drude equation is thus wanting, 
although its probability is increased by the agreement between 
the experimental and calculated figures, which, excellent as it is, 
yet leaves something to be desired when the very small fraction 
of the electromagnetic spectrum actually covered by the observed 
data is taken into account. In other words, Xy has hitherto of 
necessity been treated as an arbitrary constant and in fact Lowry 
and Abram (loc. cit, p. 310) describe it as l ' hypothetical,” whereas 
it is in reality a definite physical magnitude which is, or should be, 
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capable of measurement by methods entirely distinct from those 
of polarimetry. 

If, therefore, an optically active compound can be obtained 
which exhibits selective absorption in a conveniently accessible 
region of the spectrum, it should be possible to predict the position 
of the absorption band from the Drude equation for rotatory 
dispersion : then this could be tested by direct measurement of 
its actual position, so that in this event the Drude equation would 
stand or fall by the agreement or divergence between prediction 
and observation. It is also desirable that this compound should 
be liquid in order that it may be examined polari metrically in the 
homogeneous state, thus avoiding the complicating influence of 
solvents which conceivably would alter the value of X 0 (compare, 
for example, Kazay, Ckem. Ze/ntr., 1907, ii, 773). 

All these requirements are met by the nitrites of optically active 
alcohols of simple chemical constitution. In thick layers, the 
nitrite of d-ethyl-n-hexyiearbinol (y-nonyl nitrite) is yellow, indicat- 
mg absorption in the violet or very near ultra-violet. It is readily 
prepared in nearly quantitative yield by the action of gaseous 
nitrosyl chloride on a dry, ice-cold, pyridine solution of the 
appropriate alcohol. 

On account of the experimental difficulties attendant on the 
polarimetric observations, the accuracy of the results is below that 
usually attained in this series of investigations, but it is considered 
advisable to publish them in their present form, as they have 
afforded such striking evidence in favour of the Drude equation. 
Although this compound in layers less than 0 05 cm. thick is trans- 
parent throughout the visible spectrum, it possesses a deep yellow 
colour in moderately thick layers and even with a column of liquid 
only 25 mm. thick it is difficult to read the polarimctcr at X = 5105 
A.U. The photographic observations are still more difficult to 
carry out. A layer of liquid only 3’9 mm. thick was employed, 
and even with this short column with an iron arc as illuminant 
and a half-shadow angle of 9', it was found impossible to record 
observations on the more refrangible side of X = 4140 A.U. The 
observed (photographic) rotations thus had to be multiplied by 
25 to obtain the values of a 100imu< which cannot therefore be relied 
on to more than one unit. It has seemed best, therefore, to draw 
the rotatory dispersion curve (Fig. 1) for y-nonyl nitrite which lay 
most evenly amongst the eleven experimental points and to calculate 
the constants of the Drude equation from this. 

A one-term Drude equation was not sufficient to express the 
observed results. Considerable support is given -to the view that 
this fact is due, not to the inaccuracy of the measurements, but 
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to a real complexity of rotatory dispersion by the fact that the 
next lower homologue, [3 -octyl nitrite, exhibits visibly anomalous 
rotatory dispersion and therefore must require a two-term dis- 
persion equation with its terms differing in sign. As it would 
obviously be absurd to pretend to work out a four-constant equation 
with experimental figures of the accuracy attained in this investi. 
gation, the two-term Drude equation was reduced to a three- 
constant equation by neglecting a device which is quite allow- 
able 'when dealing with rotations in the near neighbourhood of A 0) 
especially in the region on that side of \ remote from 



0-36 CKO 0 45 0» C 53 C SO 0-65 


VJavt±tnqth in M-xrc-ns 

The calculated equation then takes the form 

0*76 , 0*43 

*«•** " - 0-135 r >.- ’ 

where wave-lengths are measured in microns. 

That is to say, this equation predicts an absorption band in 
the spectrum of y-nonyl nitrite at = Vi) 135, that is, at 
= 3680 A.U. It is apparent, too, from the equation that 
although y-nonyl nitrite exhibits complex rotatory dispersion, it 
cannot show anomalous rotatory dispersion of the type exhibited 
by ethyl tartrate in any region of the spectrum. 

It is submitted that the cause of this complex rotatory dis- 
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persioti may be the existence within the apparently homogeneous 
liquid of two dynamic isomerides and that the composition of the 
nitrite may be represented by the equilibrium 

C « I tw>CH'0<n , 

0 CgHg 0 

although the possibility of the presence of associated molecules in 
the preparation must not be overlooked. 


Refractive Dispersion. 

It is somewhat surprising that, although a refractive dispersion 

equation, ^ 

7i’ 1 = a“- + l.. A b ° l \ (i) 

A — 


remarkable in its formal similarity to the Drude equation, was 
proposed more than fifty years ago by Sellmeier,* no attempt,! 
as far as is known to the authors of this paper, has been made by 
organic chemists to treat refractive dispersion in a manner analogous 
to rotatory dispersion. Refractive power has hitherto been studied 
without reference to the effect of dispersion, for the difference of 
refractive index for two standard wave-lengths is by no means a 
scientific measure of dispersion. It seems apparent that, when the 
multiplicity of formulas for the calculation of refractive power, 
and the increase in the number of corrections for special effects 
such as ring closure, conjugation of double bonds, etc., are con- 
sidered, existing methods are beginning to break down as the 
available experimental data become numerous and more accurate. 
Furthermore, it is noteworthy that those effects which complicate 
the calculation of refractive power, for example, conjugated systems 
of double bonds, the juxtaposition of ketonic groups, and the intro- 
duction into the molecule of elements of variable valency such as 
nitrogen and sulphur, are precisely those which characterise com- 
pounds which have absorption bands near to the visible spectrum. 
That is to say, the bands are nearer to the region of experimental 
observation and thus cause the effects of refractive dispersion to 


* This equation generally bears Sellmoiers name, although it would appear 
cHat priority belongs to Maxwell, who proposed it in the form of a question 
set at the Cambridge Mathematical Tripos, 1S69, two years before Sellmeier \s 
work appeared. 

i One* example of its application to chemical problems is, however, to 
he found. Lubben has made measurements (Her, Iuut. }>hys. Gcs. t 1914, 
IBj 1&0, 3'J4) of the refractive ditpusion of solutions of simple inorganic 
*alts of the alkali metals and has succeeded in fitting this equation to his 
results, although he did not succeed in detecting the predicted absorption 
bauds. 
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become more marked, with consequent disturbing effect on the 
refractive power calculated, as is common, with regard to one 
standard wave-length only, such as the sodium line, X = 5896. 

It seems therefore desirable that more attention should be 
directed to the form of the refractive dispersion curves of organic 
compounds in order that the effect of dispersion on refractive 
index may be studied and, if possible, eliminated in the invests 
gation of refractive power. The Sellmeier equation appears to be 
a suitable one for this purpose, and it is at once obvious that the 
properties which render the alkyl nitrites so useful in testing the 
Drude equation will be equally useful when a test of the Sellmeier 
equation is contemplated. The form of the equation, however, 
may be modified slightly for our present purpose. In equation (i), 
n denotes the refractive index of the compound for light of wave- 
length A, or denotes its dielectric constant (specific inductive 
capacity), and etc., denote the wave-lengths of the absorption 
bands due to the electrons producing the dispersion. 

It is proposed to call the constants A 0 ,” etc., the “ refractive 
dispersion constants ” of the compound; and the constants u b^ 
etc., its “ refraction constants.” If now wc writi the equation 


n 2 — a 2 -u &0> '“ -l- n ^ 

- a +A*- V + ~>‘ 2 -*iY 

we may, at all events in the neighbourhood ot the band at X 0 
neglect X l5 etc., and the equation becomes 

«• = «* + ,> X 'v s +5 6 f= ***+«. 

A“ — Aq“ X A Xq 

where c is a term which sums the numerical values of the dielectric 
constant and the refraction constants of thc%rms in which Aj, 
etc., have been neglected. We now have an equation invoking 
three constants, of which two only are arbitrary — the third, A 9 , 
is capable of measurement by other methods just as in the case 
of the Drude equation for rotatory dispersion. 

The experimental work involved in this case is by no means 
difficult. Refractive indices were determined at 25° by means 
of a Pulfrich refractometer and may be considered accurate to 
0*0002 unit. The refractive dispersion equation was calculated to 
be (with. A measured in microns as before) 

= 1*9630 + 0 0283 x a /(x 3 - 0*139), 


whence Xq = V0T39, that is, \ — 3730 A.U. 

Table I shows the observed and calculated figures for the refrac- 
tive index, and fit will be noticed that the difference between these 
values is of the order of the experimental error. 
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Table I. 


Refractive Dispersion of d-y-Nonyl Nitrile, 


MA.U.). 

Wo! is* 

Wcafc. 

Difference. 

6708 

1-4153 

1-4155 

+ 0-0002 

6896 

1-4180 

1-4179 

- 0-0001 

5790 

1-4184 

1-4183 

- 0-0001 

5461 

1-4200 

1-4199 

- 0-0001 

4358 

1-4384 

1-4383 

- 0-0001 


Absorption Spectrum. 

Tlic values for the wave-length of the dominant absorption band 
deduced from measurements of rotatory power and of refractive 
index are thus satisfactorily concordant. Experimental determin- 
ation of the actual position of the band will now furnish evidence 
for or against the validity of the equations of Drude and Sellmeier. 
TJie intense colour of the compound renders difficult an accurate 
determination of the position of the head of the band in the 
homogeneous liquid condition, but by using a cell only 0*2 mm. 
thick it was found possible to fix the limits of the band at A 0 =3670 — 
3720 A.U. 

It is therefore submitted that the very substantial agreement 
between the values obtained for the wave-length of the dominant 
band in the absorption spectrum of y-nonyi nitrite — 

(i) predicted from measurements of rotatory power, A 0 = 3680 

A.U.; 

(ii) predicted from measurements of refractive index, A 0 = 3730 

A.U.; 

(iji) by direct photographic measurement, A 0 -- 3070 — 3720 A.U., 
furnishes strong evidence in support of the equations proposed for 
rotatory dispersion by Drude and for refractive dispersion by 
Sellmeier, and that it also furnishes evidence in favour of some 
connexion between refractive index and rotator)’ power such as 
was sought on theoretical grounds by Livens (Phil, Mat 7,, 1913, 
[vi], 25, 817, et seq.) and experimentally by Peacock (X., 1914, 
105,2782; 1915, 107, 1547). 

V, X r K K I M 1- N T A L. 

Preparation of Nil rosy! ( 'hlorirfi.- This was prepared by Tildens 
method (T., 1860, 13, 630) of heating aqua regia and absorbing 
the nitmsvl chloride in concentrated sulphuric acid to form nit rosy 1- 
sulphuric acid, from which nit rosy 1 chloride was subsequently 
regenerated by distillation with anhydrous sodium chloride. In 
order to avoid, as far as possible, contamination with hydrogen 
chloride , the nit rosy 1 chloride was condensed to a deep rnbv red 
V 0L. cxxui. " 1; 
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liquid in a coil cooled to —20° in a mixture of ice and salt and 
then allowed to boil slowly into a solution of y-nonanol. 

Preparation of d-y -Nonyl Nitrite , C 6 H 13 , CHEt*0*N0. — Gaseous 
nitrosyi chloride was allowed to pass slowly into a dry solution of 
d-y-nonanol (optically pure) in four times its weight of pyridine 
the solution being well cooled in ice and salt. Pyridine hydro, 
chloride was precipitated and the reaction mixture assumed a 
temporary green colour when saturation was complete. The 
mixture was kept over-night and then repeatedly washed with 
water, dilute hydrochloric acid, and finally with water to remove 
all traces of pyridine. Ether was added after the first washing to 
reduce loss of the ester during the washing operations. The ether 
solution was then dried over ignited potassium carbonate, the 
solvent removed, and the ester fractionally distilled under reduced 
pressure on the water-bath. 

d-y-Nonyl nitrite is a bright yellow, mobile liquid with a pleasant 
nitrous ethereal smell. It boils at 83 — 84°/24 mm. 

Determination of Potatory Power. 

Visual Measurements - These measurements were made with a 
25 mm. tube of liquid, using the sodium flame, the enclosed mercury 
arc, and the copper arc as illuminants. For the sodium flame and 
the mercury arc, a direct-vision spectroscopic eyepiece only was 
necessary to secure monochromatic illumination, but with the 
copper arc it was necessary to analyse the beam of light spectro- 
scopically by means of a constant -deviation prism before it entered 
the polarimeter. The spectroscopic eyepiece was employed in 
addition in this case to give greater dispersion and to enable a 
wider slit to be used without sacrificing purity of illumination. 

Photographic Measurements . — For these observations, the eye- 
piece of the polarimeter was removed and a long-focus com- 
bination substituted.* The pola riser and half-shadow were turned 
through 90 J so that the dividing line in the centre of the field was 
horizontal and then, by means of a condenser, a parallel beam of 
light from an iron arc was passed through the polarimeter to the 
object glass. It is essential to use parallel light in order to ensure 
equal illumination of both halves of the field even when the arc 
flickers. The long-focus objective was caused to throw an image 
of the field of the polarimeter on to the slit of a spectrograph con- 
sisting of a spectrometer with a single 60 J dense glass prism and 
a quarter-plate folding camera fitted with a 16" box extension. 
With this apparatus the whole of the spectrum from \ — 6000 to 

* These alterations were carried out in a most satisfactory manner by 
.Messrs. Bellingham and Stanley, London. 
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\ = 3550 A.U. (the limit of transparency of the glass used) could 
be obtained on two quarter-plates, covering a length of about 
8 inches. With it, too, the D lines could be distinctly resolved, 
whilst naturally the dispersion was considerably greater at the 
violet end. It was found utterly impossible to get blue light 
through a 25 mm. tube of liquid and, after many expedients, a 
parallel-sided glass trough, 3*9 mm. wide, was employed. Even 
then it was impossible to obtain readings within 400 A.U. of the 
head of the absorption band, although two-hour exposures on very 
fast plates (Imperial “ Eclipse ”) were used. Difficulty was ex- 
perienced, too, in deciding the exact position of extinction on the 
photographic negatives. The column of liquid causing rotation 
of the plane of polarisation was necessarily so short that, for any 
given setting of the polariraeter, several spectral lines on the plate 
appeared equally strong in both halves of the field and the only 
possible way of deciding on the true position of extinction was 
to take the mean of the two extreme positions where unequal 
intensity of the two halves of the field could first he definitely 
detected. 

The observed rotations were measured at the laboratory tem- 
perature of 18—20°, and are given in Table It. 


Table II. 

Rotatory Dispersion of d-y-Xonyl Xilrite. 


a . 


A (A.V.). 

3di mm 

5893 

— 

5782 


5491 


5218 


5153 

— 

5105 

— 

4500 

• 0 51 

4384 

o- 02 

4272 

0-To 

420u 

o-8o 

4144 

0-ftl 


25 mm. 100 mm. 
-j 1-21° 

1-33 
1*40 
1*70 
1-81 
Mr; 


Visual readings 


Photographic read in: 



!)i termination of Refract in Inib.c. 

These measurements were made with a Pulfrich refradometer 
jacketed with water from a thermostat maintained at 20'. The 
experimental figures are quoted in the theoretical part. 

Measurement of the Absorption Spectrum. 

The spectrograph employed for this purpose was that used for 
Measurements of rotatory power. As it was inadvisable to resort 
to dilution in order to obtain a narrow band, very narrow cells 

R 2 
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had to ho employed. Those finally adopted consisted of pieces of 
platinum foil about 2 cm. square with rectangular openings about 
5 mm. by 10 mm. in one side. These pieces of metal were hold 
between glass plates by means of two ordinary screw clips. This 
arrangement is very convenient because the cells can be filled by 
capillary attraction, they contain no soluble cement, are easily 
taken apart for cleaning, and can have their thickness accurately 
determined by means of a micrometer. Three cells were employed 
of thickness 0*2, 0*4, and 0*8 mm., respectively. Their disadvantage 
lies in the fact that it is difficult to keep them tight for organic 
liquids with low surface tensions, although even the thickest of 
them will keep tight to water for six hours or more. A hemacyto- 
meter was used for a cell thickness of 0*1 mm. and, although in all 
cases the position of the band is distinct, its more refrangible edge 
is so near the limit of transparency of the glass apparatus employed 
that the photographs are not suitable for reproduction. 

In conclusion, the authors wish to express their thanks to Dr. J. 
Kenyon for his valuable advice and help, and one of them wishes 
to acknowledge his indebtedness to the Department of Scientific 
and Industrial Research for a personal grant which has enabled 
this work to be carried out. Some of the materials used in the 
investigation were purchased from a grant made by the Government 
Grant Committee of the Royal Society. 
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LVI — Researches on Residual Affinity and Co- 
ordination. Part XV . Interactions of Acetylpro- 
pionyhnethane and the Tetrachlorides of Selenium 
and Tellurium. 

By Gilbert T. Morgan and Harry Gordon Reeves. 

As the result of earlier investigations, an explanation has been 
advanced for the complicated changes occurring in the interactions 
of acetylacctone and the tetrachlorides of selenium and tellurium 
(T., 1920, 117, 1456; 1921, 119, 610; 1922, 121, 922, 2452), but 
it remains to be seen whether this interpretation of experimental 
facts is consistent with the behaviour of other homologous aliphatic 
[i -dike tones when these are subjected to the action of the, above- 
mentioned tetrachlorides. It is evident that each of these chlorides 
induces a characteristic tautomeric change in acetylacetone, this 
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alteration of chemical structure being manifested by the nature and 
constitution of the products. 

Selenium tetrachloride removes from acctylacctone the two 
hydrogen atoms originally present in the methylene group of 
aeetylacetone, yielding selenium aeetylacetone, a non enolic dimeric 
substance, Sc 2 (C 5 H 6 0 2 ) 2 , the structural formula for which has been 
recently demonstrated (T., 1922, 121, 2432). 

The reaction of tellurium tetrachloride and aeetylacetone differed 
from that of selenium tetrachloride and the same fi-diketone in its 
point of attack on the organic molecule and consequently in the 
chemical structures of the more numerous products, namely, 
tellurium aeetylacetone dichloride, tellurium bisacetylaeetone 
dichloride, and tellurium 0-ethyJaeetylacetonc trichloride, the 
last of these arising from the intervention of ethyl chloride 
present in chloroform B.P. (T., 1922. 121, 923). It is highly 
probable that the addition of tellurium to the diketonic chain 
is preceded by enolisation of aeetylacetone into the modification 
CH 3 , CO , CH„*C(OII)XJH 2 , a reactive form of the substance capable 
of combining with tellurium tetrachloride to form the additive 
compound C H 3 'CO 'C H 2 *CC1 ( OH ) * C H 2 *TeCJ 3 (compare Bielccki and 
Henri, Compt. rend., 1914, 158, 1022). This intermediate product 
by loss of hydrogen chloride furnishes a hypothetical substance, 
(.'Hj-CO’CHo'CO'CHjj'Ti'CIg, from which the three foregoing stable 
tellurium compounds are derivable. 

Jn view of these intricate chemical changes, it became of interest 
to study the behaviour of acetylpropionylmethane (propionyl- 
acetone), the next homologue of aeetylacetone, towards the two 
tetrachlorides. 

I. Selenium Acdylpropionybndlm n c . 

Towards selenium tetrachloride, acetylpropionylmethane reacts 
in a manner closely resembling aeetylacetone. The condensation 
occurs most smoothly with the copper derivative of the diketone 
and there is only one seleniferous product, the nou-onolic dimeric 
vkuiim mu tyl prop ion yl m ctha n e (ntfaniuni propionyktedone ; 
formula I or IT), accompanied by aatylpropionykhloromdhnne, 
yiyCO-CHCl'CO-CHjj. 

Selenium acetylpropionylmethane, an analogue of selenium 
aeetylacetone, undergoes similar reactions with hydriodic and 
hydrocyanic acids and with excess of propionyl acetone, the only 
practical difference being that the products are less stable, probably 
owing in part to their greater fusibility. 

Dwlenium hi sued yl prop ion yl mdha n e, Se 2 .*(C fi H 8 ()*0H) 2 . obtained 
ly the action of hydriodic acid, is a yellow oil identified by conversion 
into its yellow copper derivative. ^.'(Cgll^K^oXTi, 
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Cyano - 3 - sele niurn aeefylpropionylmethane , CN*Se*C 6 H 8 (>OH, a 
very fusible, colourless solid produced by the addition of hydrogen 
cyanide, is characterised by its crystalline copper derivative, 
(CN-Sc-C 6 H 8 0*0) 2 Cu. 

Selenium QC-bisacetylpropionyhnethane, OXJ 6 H 9 O , Se , C 6 H 8 O , 0H ) 
arising from the addition of acetylpropionylmethane employed i n 
excess, is an oil yielding a greenish-yellow copper salt. 



ch 3 -coc 0 

0 i i 

Se— -Se 

(I.) 6 c-co-ch 3 

C a H s 


CH, 


CJL'CO-C 0 
“ ® 1 1 
Se — Se 


(II.) 


C-CO-CLIL 


J' 


CH, 


II. Tellurium Acetylpropionylmethane. 

The condensation of tellurium tetrachloride and acetylpropiony]. 
methane proceeds more simply than in the case of acetylacetono. 
In this instance only one product is isolated, namely, tellurium 
acetylpropionylmethane dichloride (VII), which, however, on treat- 
ment with ethyl chloride in chloroform furnishes tellurium 0- 
etkylacetylpropionyhnethane trichloride (YI11). 

C 6 H 10 O 2 -f TeCl 4 - (C 6 H 8 0,)TeCl 2 -f 2 HOI. 
(C e H 8 0 2 )TeCl 2 4- C 2 H 5 C1 = (C a H 5 *0*C e H 8 0)*TeCl 5 . 

The addition of tellurium tetrachloride to the methylene ennlic 
form of acetylpropionylmethane takes place through the inter- 
mediate phases represented by formula 1 III, IV, and V, after which 
elimination of hydrogen chloride leads to tellurium acetyl propiomi- 
methane dichloride (VN).* On treatment with sulphurous acid or 
alkali sulphites and bisulphites, the foregoing dichloride undergoes 
reduction to tellurium acetylpropionylm* thane { \ I), a well-defined, 
golden-yellow substance more soluble in water than its lower 
homologue, tellurium acetylacetono. The new product, which is of 
monomeric complexity, behaves as an unsat u rated compound, 
combining additively with chlorine to regenerate the dichloride and 

* Tlie formulae for the tellurium compounds arc based on the assumption 
that the preliminary change (VII) is an cnolisnlion of the group (.Jl 3 C0- t 
but there is an alternative possibility that this tautomeric rearrangement 
may have taken place in the group CH 3 *CH 2 -CO, thus giving rise to 
ChVcH:C{OH). These alternatives arc presented in formula' 1 and H !ur 
the selenium derivative. 
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with, bromine and iodine to form, respectively, tellurium acetyl- 
propionyhnethane dibromide and di-iodide. 

Reference has already been made (T., 1922, 121, 940) to the 
intense germicidal action of aqueous solutions of tellurium acetyl- 
propionylmethane, and the bacteriological and physiological study 
of this and other tellurium derivatives of the p-diketones is under 
investigation by Dr. E. A. Cooper. The following results show the 
disinfecting action of a series of these tellurium compounds. 


B. Coli communis . 


Substance. 

Tellurium ace ty lace tone 

Tellurium 3-metbylacetylacetone 
Tellurium acety Ipropiony Imet bane 




Concentration 
disinfecting at 37 r 
1 in 500,000 
I in 800,000 
1 in 2,000,000 


H«C 


Oft-C 
' HO, 


A 0 

y TeCl, 

C,Hj< ° TeCL 

yea. - 

'* H 2 c .CH, 

)C( 2 

OH 

Cl 7 -OH 

(III.) 

(IV.) 

/°\ 

/0\ 


Coll, 


.CH, 


h6. 


TeCI, 

i - 

/ r H., 


C 
1 1 
0 
(VI.) 


0 

II 

o 

(VII.) 


’ 2 ir l n'-2 


C,H 


Phenol 

coefficient. 

1,000 

1,000 

5,000 


C 0 H,.C / 

" “ flC, 


.OH 


X C0 

(V-) 


TeCL 

/ CH 2 


/O 


1 1 

HCv 


TeCIg 

/CH, 


T 

1 1 
o 

(VII [.) 


Summon/. 

1. The lengthening of the ^-diketmie chain in passing from 
aortylacetonc to its next homologue, acetylpropionylmethane, does 
not alter materially the nature of the interaction with selenium 
tetrachloride. 

2. The condensation with tellurium tetrachloride is simplified in 
the case of acetylpropionylmethane, the only product isolated being 
tellurium acetylpropionylmethane dichloride. 


K X P E R I M K X T A L. 

I. Kfloi i u m Series. 


0win K to the small viold of the starting material, acctvlpm- 
pionylmcthane (propionylacetone), obtained In- the sodium etlioxide 
Process the following modification was adopted.' Fnrtv-two ce 
« methyl ethyl ketone (,! Ofl.VLS. 1 mol.) wen- a, hied slowlv and 



448 


MORGAN AND REEVES : RESEARCHES ON 


with vigorous shaking to a mixture of 11 grams (1 atom) of clean 
sodium wire and 190 c.c. of dry redistilled ethyl acetate contained 
in a reflux apparatus cooled to 0°. After twelve hours, the mixture 
was heated on the water- bath for one and a half hours, cooled, and 
poured on to crushed ice. The ethereal layer was extracted twice 
with water, the combined aqueous layers neutralised with dilute 
acetic acid and treated with the calculated amount of iV" /8-caprie 
acetate. The precipitated pale blue copper acetylpropionylmethane 
after washing with water was dried at 80° : m. p. 197 — 198°; yield 
32*G grams or 47*8 per cent, on the weight of methyl ethyl ketone. 

Acetylpropionylmethane (b. p. 158°) was obtained in almost 
quantitative yield by decomposing the copper salt with dilute 
sulphuric acid in presence of ether, the ethereal extract being 
fractionated after drying over sodium sulphate, 

Selem inn Acetylpropionylmethane. (Selcn ium Propionylacciont) 
(Formula 1 , I and IT). — Copper acetylpropionylmethane (10*2 grams, 
1 mol.) was added slowly with shaking to 7*8 grams of freshly 
prepared selenium tetrachloride, suspended in oG c.c. of chloroform 
B.P., care being taken to exclude moisture. Hydrogen chloride 
was evolved, the solution reddened, and the tetrachloride gradual! v 
dissolved while cupric chloride (o grams) with a trace of selenium 
was precipitated. After thirty minutes at the ordinary temper- 
ature, this deposit was removed and the deep red, fuming, lachry- 
matory filtrate was evaporated rapidly in a current of air, when the* 
residue, a reddish-brown oil, solidified almost completely and on 
trituration will) absolute alcohol yielded yellow, crystalline fteienhun 
aceii/lpropionyliHfthanr (yield 24 *.j per cent.). KecrystallUod front 
absolute alcohol, this product separated in pale yellow, glistening 
plates melting at 137 ; its solution in benzene or alcohol had ;t 
yellow colour; it was only faintly acid to litmus and dissolved in 
aqueous sodium hydroxide to a yellow solution, gradually decom- 
posing with precipitation of selenium [Found: U -37*02; H 
4*41; Se 41*12. requires (' -37*00; II 1 22 : 

J8e — 41*40 per cent. An ebullioscopic molecular weight deter- 
mination. in benzene (r — 2*17) gave .1/ - 372. (C G IT s 0 : >!8c) ;! 

requires M — 3S2 G.] 

Selenium acetylpropionylmethane was practically insoluble in 
water or ether; it yielded selenium on warming with alcoholic 
aniline and became superficially coated with red selenium on 
exposure to light. 

3 •Aatylprojitonylchlot'otn* tinuif, eopp< r wilt. — The alcohol employe! 
in assisting flu* initial crystallisation of crude selenium accty- 
propionvlmethane was evaporated in a current of air, leaving a 
residue of red larhmiiafnry nil and a :-upernatant layer of hydro- 
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chloric acid. An ethereal solution of the oil, when shaken with 
aqueous copper acetate, yielded a yellowish-green, granular pre- 
cipitate of copper 3-acelylpropionylchloromethane, Cu(C,H O.C1) 

" hi t CI3 :* f T ^ l0r ° f0rm in °l' v ®-groen plates melting 
at 137 138 (lound : Cl = 19‘C6; On = 17-44 C II O n p,, 

requires Cl = 1976; Cu = 1772 per cent.). This result conScd 
the following equation representing the formation of selenium 
acctylpropionyJmcthane : 

2SeC'l 4 + 2C 12 H 18 0 4 Cu = (CgH/JASc), -f 2CuCI 2 -f 2HC1 + 

2CH 3 -CH“'C0-CHC1-C0-CH 3 . 

Disclcnium Bisaceti/lpropionylmdltane, >Se,,!(C 6 H 8 OOH), Two 

molecular proportions (0'61{ gram) of 60 percent, hydriodic acid 
diluted with 40 c.c. of water were added to 0 9 gram of selenium 
acetylprojaonylmethane (1 mol.) suspended in 160 ce of ether 
cooled by adding 1 gram of crushed ice, the mixture being shaken 
vigorously. The brown colour of the ethereal layer due to iodine 
was removed by adding A’/lO-thiosulphate, the decolorised solution 
dried over sodium sulphate, and the ether removed in a vacuum. 
The residual yellow oil (0-4 gram, 42 per cent.) would not solidify 
but had the characteristic offensive odour of the diselenium bis- 
f-dtoones (Morgan Drew, and Barker, he. at.). It contained 
41 0,> ;. WiSe, requires Se = 4M3 per cent. On 
shaking with ether and cupric acetate, it readily yielded a mu.-tard 
ye low copper salt, &v(C,H 8 O0) 2 :Cu (Found I C = 31 9S : H =. 
< -i 2 II io°>' ; ,Cu requires 0 32 -.ill; II 3 02 per cent.). 

(.yano-J-Mlciuitm . I c< tylprop ion yh n etha nr, CX*8c:'C' H fl O*OH — 
One gram of powdered selenium acefylpropionylmetlianc dissolved 
m four or hve minute* to a pale yellow solution when shaken with 
0 e.c. of redistilled hydrogen cyanide and 12 c.c. of dry ether Uter 
removing the volatile constituents of the solution in a vacuum, a 
mass of flat, six-sided needles was obtained melting at 27-5’ These 
ratals, which had a distinct odour of burnt rubber similar to that 
r tl.e other cyanoselenium derivatives, liquefied on keeping for a 

Bofl ' , 0i ‘ " hk ' h di, ‘ ,,ut s,,lidif y a ga»' on cooling. 

a ,T gmal save a red ferric chlorite 

ative " ln g *o Hus instability the crystalline evano-deriv- 

a*"* 0 C0PI “ r w,t > ^■SK’.H.OOMTu, bv 

^cenu 2 ^' 11 rt ' ,l " ia ' S X - S|, = 3, tf4 i Cu — 1276 
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Selenium OC-bisacetylpropionylmethanc, Se<Q^ 8 ^ q^, was 

obtained as an oil which could not he induced to crystallise on 
refluxing 1 gram of powdered selenium acetylpropionylmethane, 
2 grams of acetylpropionylmethane, and 14 c.c. of chloroform, a 
trace of solid sodium hydroxide being added as catalyst. After 
ten to fifteen minutes, the solution assumed a pink tint owing to 
a slight elimination of selenium; the chloroform and excess of 
P-di ketone were removed in a vacuum over sodium hydroxide. The 
residual oily selenium hisacetylpropionylmethane, which had the 
characteristic odour of burnt rubber, was readily soluble in chloro. 
form but only sparingly soluble in petroleum. On shaking its 
warm petroleum solution with aqueous cupric acetate, the greenish- 
yellow copper salt was obtained, which gave analytical numbers 
approximating to the formula (C 12 H lv 0 4 Se) 2 Cu. 

II. Tellur i um Series. 

Tellurium Acetylpropionylmethane Dichloride (Formula VII),-. 
Acetylpropionylmethane (3*54 grams, 2 mols.) and 3 grams of 
sublimed tellurium tetrachloride (1 mol.), suspended in 24 c.c. of 
chloroform B.P., were heated under reflux for one and a half hours, 
w r hen the evolution of hydrogen chloride had ceased. The yellow 
filtrate from a slight deposit of tellurium was concentrated in a 
vacuum desiccator over lime until three crops of tellurium acetyl 
propionyhnethane dichloride were obtained (total 2*2 grams). This 
dichloride was almost insoluble in water, but dissolved sparingly in 
ether, benzene, or chloroform and very readily in cold acetone, from 
which solvent it crystallised slowly in large, transparent prisms 
melting with decomposition at 170- —171 . When rccrystallised 
from hot alcohol, the substance was obtained in white nodules 
becoming discoloured at 175" and changing to a black mass at 185’ 
(Found: 01 = 22*89; Te = 40*94. C 6 H 8 0 2 C , l 2 Te requires Cl = 
22-83; Te = 41*01 per cent.). 

Tellurium acetylpropionylmethane diehloride resembled closely 
its isomeride, tellurium 3*methylacetylaeetone diehloride (T., 1922, 
he. cit .) ; on keeping for some time, it became brownish-grey owing 
to slight decomposition with elimination of tellurium. On repeating 
the foregoing preparation in pure salicylidc chloroform, no other 
product than the diehloride w as observed : 

C 6 H 10 O 2 t TeCI 4 - G 6 H 8 0 2 :TcCI 2 i 2 HO. 

Tellurium Acetylpropionylmethane (Formula VT}.— Powdered 
potassium metabisulphitc (2*8 grams = 4 mols. KHIS0 3 ) was added 
during ten minutes to a well -stirred suspension of 2 grams of tellurium 
acetylpropionylmethane diehloride. in 40 c.c. of ice-cold water, 
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Sulphur dioxide was evolved, the dichloride dissolved to a golden- 
yellow solution, and after removing a slight deposit of tellurium the 
filtrate was concentrated until well-defined, golden-yellow, acicular 
pnsms separated. This product was recrystallised from hot 
benzene and obtained in golden-ycllow needles melting at 100° 
(1- £ raras ’ y lp kl <9 per cent.) [Found: C = 29-85- H— q.rr. 
Te = 53-00. C 8 H 8 0 2 Tc requires C = 30 06 ; H ^ 3 36 • To = 53-24 
F r cent. An ebullioscopic determination of moleeul’ar weight in 
benzene (c = 0'8o) gave M = 233. C 6 H # 0 2 Te requires M ^ 230 61 
The foregoing reduction was also readily accomplished by means of 
sodium sulphite, but with a somewhat decreased yield. Tellurium 
acetylpropionylmethane was much more soluble in water than in 
organic media but fairly soluble in cold benzene or chloroform 
Its aqueous solution which slowly deposited tellurium, has been 
employed In baeteno ogieal work, showing the highest germicidal 
actmty of its series of tellurium derivatives (T 1 9>-> c ;t ) 
Murium acetylpropionylmethane dibromide , C.h'o. ,'T eBr n rc . 
pared by mixing tellurium acetylpropionylmethane and bromine 
,n chloroform solution, separated i„ pa lc yellow nodules, and 
ivhen crystal , sed from hot alcohol was obtained in white prisms 
melting and decomposing at 1.56° (Found: Br ^ 4039. 
C 6 H 8 OoBi 2 re requires Br ^ 40*00 per cent.). 

Tellurium acetylpropionylmethane di-iodide, C H 0 ‘Tel ,, a . 
obtained as crimson needles and in quantitative vicld from its 
genera tom ,n chloroform solution; it crystallised from hot alcohol 
in reddish-purple needles; the lighter variety sintered at 130° 
and mtumesced at 190°, the darker form sintered at 135’ and 
intumeseed at 185- (Found: 1 - 51-33 puniT. „ 

I = 51-43 per cent.). c .*W*Te reqmres 

yjf"7! Trichloride (Formula 

III), Iowdcml tellurium acetylpropionylmethane dichloridc 
(1 a grains) was added to 2.5 e.e. of chloroform B.P. saturated with 
ydrogen chloride, 3 e.e. of ethyl chloride were added, and the 
Am solution was heated under reflux for two hours. On eoolinv 
sn, a! amount of tellurium dioxide was precipitated, and the’ 
bnimish-yellow hitrate concentrated in a vacuum over lime The 
wish-brown, oily residue .sol idi lied completely to a crystalline 

Till Hit!™ fevtra t 1 ' "' Wh " aS extr^, ‘' ,p(, with «>M chloroform! 
vinkled i l " n<lt,r reduced pressure 

II ,T - V<taili " 1 ' «olid, which was rodissolved hi 

in pale°velh U ,,v ,i S ht Petroleum. It then separated 

and rlo ‘ ( ^priMiiatie n miles commencing to change at 11°“ 

^fleeomj^mg at 120 (Found- Cl - 28 -.50: fc = 34 • •> 
"«“iAOj Lc requires Cl 28-30 ; Te , 33 91 per cent.). 

]»* O 
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Tellurium 0 -ethyfocetylpmpionylmethane trichloride slowly became 
brownish-grey owing to elimination of traces of tellurium. Big. 
solved in chloroform, it developed no red coloration with alcoholic 
ferric chloride ; however, on boiling and leaving over-night, a deep 
red coloration developed. On treatment with aqueous sodium 
hydroxide, the trichloride underwent destructive hydrolysis, gave a 
greenish-yellow solution, and evolved a characteristic earthy odour 
of the 0-ethyl ether of acetylpropionylmethanc. 

The authors desire to express their thanks to the Advisory Council 
of the Department of Scientific and Industrial Research for grants 
which have partly defrayed the expenses of this investigation. 

University of Birmingham, 

Edgbaston. [ifcm'mJ, December loth, 


LYII . — The Adsorption of Stannous Chloride by 
Stannic Acid. 

By George Ernest Collins and John Kerfoot Wood. 

One of the reactions of stannic acid which lias from time to time 
attracted attention is that which takes place on the addition of 
a solution of stannous chloride. Ender such conditions, a yellow 
or yellowish-brown precipitate is obtained, the composition ol 
which, according to the analyses of Ercinv (Ann. Chim. Ph>js., 
1848, [iii], 23, 393), Schiff (Anwr/oi, 1861, 120, 47), and Tschormak 
(./. pr. Cherny 1862, 88, 334), appears to vary to a certain degree 
according to the character of the stannic acid employed. It was 
observed by Lowenthal (./. pr. Chon 1859, 77, 321), Biron (/. 
Russ. Phys. Chon. Soc., 1905, 37, 963), and others that no coloration 
or precipitate is obtained if stannous chloride is added to a freshly 
prepared, moderately concentrated solution of stannic chloride or 
sulphate, but that, after some time, depending on the concentration 
of the solution, a coloration or precipitate begins to develop. This 
is explained by the gradual formation of stannic hydroxide as a 
result of the hydrolysis of the stannic salt, the hydroxide so pro- 
duced then reacting with the stannous chloride. Any condition 
which tends to prevent the hydrolysis, as, for example, the simul- 
taneous presence of a tartrate or an oxalate, causes the reaction 
to fail. Arising out of this behaviour of stannic salts, Lowenthal 
expressed the opinion that the stannous chloride reaction is not 
given by a-stafnnic acid, but is only obtained when the acid ha» 
acquired a [3-character. Evidence on this point appears to be of a 
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contradictory nature ; it will, however, be readily recognised from 
what has been stated in former papers by the present authors (T., 
1922, 121, 441, 1122) that it is practically impossible to put the 
matter to a direct test owing to the fact that ac-stannic acid begins, 
as soon as it is produced, to undergo condensation so that a product 
of more or less (3 -character is always obtained. 

The variation in the composition of the precipitate suggests 
that it may be an adsorption product and not a true compound. 
Assuming this to be the case, it should be possible to obtain an 
isotherm of the ordinary character, and no matter how small the 
original concentration of stannous chloride was, some of the salt 
should always be left in solution. Fremy stated that by the use 
of a sufficient quantity of stannic acid it was possible to remove 
the whole of the stannous salt from solution, but this was disputed 
by Tschermak. The experiments made by the authors show that 
with different modifications of stannic acid adsorption isotherms 
of the ordinary type are obtained and that some stannous com- 
pound always remains unadsorbed, although the amount is very 
small when solutions of low concentration are used. The authors 
have also shown that both constituents of the stannous chloride 
are adsorbed by the stannic acid, although the concentration of 
the two elements in the solution is not reduced in the same pro- 
portion, a larger relative amount of tin than of chlorine being 
taken up. Probably a portion of the tin is adsorbed in the 
condition of stannous chloride and the remainder as stannous 
hydroxide. 

In accordance with the authors’ theory respecting the isomerism 
of the tannic acids, it would be anticipated that the greater the 
extent to which the process of condensation takes place the greater 
will be the reduction in the surface of the acid. From this point 
of view, therefore, an acid of pronounced 'i-oharaeter should have a 
smaller adsorptive power than would be possessed by a sample of 
acid in which the x-Jj-change had progressed to a "lesser degre e. 
Jilt- authors results showed, however, that when the behaviour 
of equivalent amounts of two modifications of stannic acid was 
compared, the sample of the more pronounced 's-eharaoter had the* 
rather greater adsorptive power. It would therefore appear prob- 
able that the amount of adsorption is not governed entirely by 
ll< ‘ * lze of t,K ‘ grains of stannic acid, but that some other factor 
involved; Lbwenthal's view that the stannous chloride reaction 
given only by ^-stannic arid is in harmony with the comparative 
K‘ia\iour of the two samples of stannic acid employed. 

, adsorption product contains tin in two states of oxidation 
might, pci haps, be regarded as a stannous salt of stannic 
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acid. Such a salt would suffer a certain amount of decomposition 
in the presence of hydrochloric acid, whilst the stannic acid would 
tend to be resolved into modifications of a lesser degree of con. 
densation, and possessing, as indicated previously, a lower adsorp. 
live power for stannous chloride. As a consequence of these 
changes, the adsorptive power of stannic acid for stannous chloride 
should be smaller in the presence of hydrochloric acid. This antioi. 
pation was borne out by the results of experiments carried out by 
the authors under such conditions. 

Experimental. 

The a- and [3 -stannic acids employed were prepared by the 
methods described in a previous paper (T., 1922, 121, 1122). 

In order to avoid the hydrolytic decomposition which alwavs 
occurs when stannous chloride is dissolved in water, an alcoholic 
solution of the salt was prepared and filtered; solutions of varying 
degrees of concent rat ion were (lien made up by diluting the dear 
filtrate with alcohol (90 per cent.). 

Twenty-five c.c. of the various solutions were shaken each with 
an amount of stannic acid corresponding with 30 millimok of 
stannic oxide. A brownish-yellow product was immediately formed 
and, after being again shaken once or twice, the mixtures wen- 
kept for about two hours at the temperature of the laboratory in 
order to ensure complete adsorption and to permit of the settling 
of the solid. Portions of the clear supernatant solutions were then 
removed and the amount of tin in the stannous condition estimated 
by titration with iodine in an atmosphere, of carbon dioxide; the 
initial concentration of the various solutions being known, the 
amount of adsorption could be readily calculated. The results 
obtained are shown in the following tables. 


Adsorption of Stannous ('hlorhk. 

By a-stannic acid. By 0-st.mnie neid. 


Millimok 




Millimok 




of SnO in 


( 

Jrnin-mok 

of SnO in 


< 

Jram-mok 

2o c.c. of 



of SuO per 

2-» e.<\ of 



of SuO per 

soln. 



litre 

sola. 



lit ro 

before 

Millimols. 

of SnO after 

before 

Millimok 

of SuO 

1 after 

ud sorp- 

udsurb 

ied. 

udsorp- 

adsorp- 

ad so id 

)ed. 

tirlsorp* 

tion. 

Found. 

tale. 

tinn. 

tion. 

Found. 

Calc. 

t ion- 

321 

5-9 

.7-90 

1U.) 

170 

.7-, 7 


(>4ti 

2ti 4 

5-7 

o 02 

i*s:i 

9-1) 

4-4 

4-09 

0-21 

20-9 

:>• 3 

f»-2 4 

O-02 

tel 

3-9 

3-S9 

(1-tKSS 

130 

4-3 

4-.70 

0-3-7 

3-8 

3-1 

2-99 

O-O20 

5-3 

3 3 

3-20 
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2 -.7 

2 3 

2-30 

IMW77 

2-2 

1 -05 * 

1-91 

001 





l'Uo 

0-90 

1 18 

U-0U3G 
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On plotting the experimental results, adsorption isotherms of 
the ordinary type are obtained. Each of the curves may be repre- 
sented by the equation a = ic 1 /", where a represents the amount 
of stannous oxide adsorbed and c the concentration of the solution 
on the attainment of equilibrium. In the case of a-stannic acid 
* = 41 a ™ k = <VS9 « for the ji-aoid the values arc n - 4-65 
and k - 6'o6. It will be seen from the table that the amount of 
stannous oxide adsorbed is in most cases in good agreement with 
the quantity calculated from the concentration of the solution bv 
the use of the equations given above. J 

It is not evident from the adsorption experiments as described 
whether the tm is adsorbed in the condition of stannous chloride 
or of stannous hydroxide; experiments were therefore made to 
gam information tm this point. In the event of the tin being 
adsorbed as hydroxide the volume of alkali necessary to render the 
solution alkaline should be the same before and after adsorption 
whilst ... the event of chlorine as well as tin being adsorbed the 
lolimie of alkali necessary for imparting an alkaline reaction would 
be diminished. I wo solutions, of different concentrations, of 
stannous chloride in alcohol were prepared and to equal volumes 
o these equal weights of stannic acid were added. Equal volumes 
of each of the solutions were titrated before and after adsorption 
by solutions of iodine and potassium hydroxide, methvl-ora.we 

being employed as indicator with the latter. The following results 
wire obtained : c 

1‘Mlii.i IVt.tsli litres. 


I Viol 

Soln. A 1:;.^ 

Snhi. 11 i;. i 


t Vreehttur** 

Ah>t. (liuiinmion. Ji t f< ,, 


lVrve»ta‘_v 
Attn'. tliminiitioii, 
l- , t 47 


2-n 


MO 


It is Obvious, therefore, that both elements are adsorbed, hut that 
a larger proportion of tin than of chlorine is taken up. The most 
probable explanation is that a portion of the tin is adsorbed as 
stannous hydroxide. 

r !, llJlU 'T ° f on ,/„• .ithorjition of Stannou* 

v n fa- • A " ftll ' ,,l,,,lic • s *’ ll| lion of stannous chloride 

To'th « , W " h ',' 1 l ' ,K ' hlori '' a( i<l t0 avoi<l subsequent lmlrolvsis, 

io r;nr ( cc - ) : ,f t,u ' **■ ^ 

13-SSVl V i!'''' “ f 1,n<l > of hvdrnehlorie acid 

and 1(1 e.e of hydrochloric acid CI SS.V). To each of the 

mZ :r' ]S ,f: l r n} ' U ' nf “*> added: the 

stannmr ,•*' i,n,t t,m- e l">urs the imadsorhed 

.tsul q 'T' ? S <S,i " mt0<1 nll 'ans of iodine. The 
obtained are shown in the following table, the original 
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concentration of the stannous chloride and the amount adsorbed 
being expressed in terms of the iodine solution employed. 


Adsorption of Stannous Chloride in presence of Hydrochloric Acid, 


A. 

B. 

C. 


Composition of 

Original 

Final 

Amount Colour of 

mixture. 

litre. 

litre. 

adsorbed. precipitate. 

25 c.c. of SnCl 2 \ 
10 c.c. of H.O J 

28*5 

13-9 

14-6 Brownish-yellow 

25 c.c. of SnCL 1 



/ Intermediate | 

5 c.c. of H»0 " 

28-5 

158 

12-7 ] tween those of 

5 c.c . of HOI | 



[ and C. 

25 c.c. of SnCL, ) 

10 c.c. of HC1 J 

28-5 

17-5 

110 C reenish -yellow. 


The influence of the hydrochloric acid in reducing the amount 
of adsorption is shown by the above figures. It will also be noticed 
that the colour of the precipitate is somewhat modified by the 
amount of acid present in the mixture. 

College of Technology, 

Manchester. [Received, November 10///, 1922,] 


LVIII . — Studies on Metal Hydrides. The Electrolytic 
Formation of Stibine in Sulphuric Acid and in 
Sodium Hydroxide Solution. 

By Henry Julies Salomon Sand, Edward Joseph Weeks, and 
Stanley Wilson Worrell. 

The electrolytic formation of metal hydrides either of a chemical 
or of a more physical nature is a matter of considerable importance. 
In some eases electrolytieally deposited metals contain hydrogen, 
in others, such as in that of bismuth, the physical condition of the 
deposited metal is found to depend almost wholly on whether the 
conditions have been such that the intermediate formation of a 
hydride was possible or not (Sand, T., 1907, 91, 384). 

It has been known for some time that hydrides may be prepared 
from various elements by the action of nascent electrolytic hydrogen. 
The fact that hydrogen liberated from an antimony cathode contains 
a considerable percentage of stibine is mentioned by Xewhcry (T., 
1916, 109, J361) and the utilisation of this circumstance for the 
preparative production of stibine has been recently advocated bv 
Paneth ( Z . Elektrochun 1920, 26, 453) in a well-known paper, in 
which references to the electrolytic preparation of other hydrides 
may be found. . 

The present paper deals with the conditions under which stibine 
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js formed when hydrogen is generated on an antimony cathode in 
solutions of sulphuric acid and sodium hydroxide. The points to 
which attention has been more particularly directed are, the 
dependence of yield of stibine on overvoltage, current density, 
temperature, and concentration of the electrolyte. 

Experimental. 

Overvoltage- — For the measurement of overvoltage at varying 
current densities, two distinct methods arc in use, and some con- 
troversy regarding their relative merits has taken place (MacTnnes, 
j 4 mer , Chem. Soc., 1910, 41, 2013; 1920, 42, 2233; Newbery, 
ibii, p. 2007; D unhill, T., 1921, 119, 1031 ; Newbcry, ibid., 1922, 
121 7; Tartar and Keyes, J, Amer. Chon. Soc., 1922, 44, 557). 
According to the first method, a connexion is tapped off from the 
iquid in the immediate vicinity of the working electrode to an 
iiLxiliarv electrode, and the potential between the two electrodes is 
ncasured during the passage of the current. This method yields 
the sum of the “ polarisation ” and the “ transfer-resistance ” of 
the electrode. The importance of transfer-resistance was first 
pointed out by Gore in 1885. It represents a quantity which 
depends very greatly on conditions in the electrolyte difficult to 
control, and is of more physical than chemical interest (Sand and 
Black, 1. physikal. Chon., 1909, 70, 490 ; Xcwbcry, Trans. Faraday 
Soc... 1919, 15, 120). The second method measures only the 
" polarisation ” and its results arc therefore of more direct chemical 
interest. It consists in allowing the working electrode to be con- 
nected alternately with great rapidity to the source of current and 
to li connexion leading through a potentiometer to an auxiliary 
electrode. The method is an old one. The devices employed in 
the past for effecting the change of connexion generally consisted 
of tuning forks and various forms of electromagnetic interrupter?. 
In more recent years, rotary commutators have been employed with 
considerable success by Fring and Tainton (T., 1914, 105, 721) 
and Xcwbcry (T., 1914, 105, 2419; 1910, 109, 1105; 1917, 111, 
4‘0; 1921, 119, 477). For the purposes of the present research, 
both methods were tried, and in agreement with the explanation 
IL'iven, the results obtained by the first method were variable, 
whereas quite definite results were obtained by the second, provided 
that the speed of the commutator was sufficiently great. The first 
method was therefore definitely abandoned in favour of the second. 

hkterminuHon of the Yield of Stibine. — The gas generated at the 
■©liinony cathode consisted of a mixture of hydrogen and stibine. 
-t ts known that stibine is catalvtically decomposed into its elements 
concentrated acid and by alkali. In agreement with this, it 
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was found that in 8JV-sulphuric acid all the stibinc that had been 
originally formed could not be collected as such, since a proportion 
varying from about 35 per cent, at 0° to about 54 per cent, at 80° 
had been decomposed. This was recognised by the fact that a 
precipitate of finely divided antimony was present in the liquid 
It was filtered off, dried with alcohol and ether, and weighed. The 
filtrate was tested for antimony, but only negligible traces were 
found. In the experiments on alkaline solutions, only about one- 
tenth of the stibinc usually passed off as gas, the rest was found 
decomposed. To estimate the stibinc in the gaseous mixture it 
was passed first through a trap for condensing water, then through 
a calcium chloride tube to dry it thoroughly, and then through a 
Geissler absorption tube containing /TO -silver nitrate, where the 
stibinc was completely decomposed according to the equation 

3AgXO a + SbH 3 = Ag 3 Sb -f 3HXO a . 

Any subsequent interaction between the silver nitrate and the 
silver antimonide would not affect the weight of the bulb (Heckle, 
ben, Ber. y 1909, 42, 1438). The completeness of the decomposition 
was inferred from the fact that the last bulb of the absorption 
apparatus always remained quite clear and colourless. After 
leaving the Geissler absorption vessel, the gas passed through two 
further calcium chloride tubes for retaining the water vapour 
carried over from the silver nitrate solution. The increase of 
weight of the Geissler bulb plus that of the first calcium chloride 
tube thus gave the weight of the stibinc decomposed. The weight 
of the second calcium chloride tube, as well as of that before the 
Geissler apparatus, was always found unchanged. The gas then 
passed into a nitrometer, where it was measured. Before starting 
an experiment, the apparatus was filled with hydrogen. At the 
end of each experiment all the stibinc was swept through the 
absorption vessels by means of hydrogen, which was later displaced 
by air. The amount of electrolytic hydrogen collected in an 
experiment was about 200 c.c. In the ease of 8 A' -sulphuric add. 
and in that of the alkaline solution*, the amount of stibinc was 
calculated that corresponded with the antimony precipitated in the 
liquid, and this was added to the stibinc which had been decom- 
posed by the silver nitrate. Similarly, the hydrogen derived from 
this stibinc was subtracted from that measured in the nitrometer. 
The yields are calculated so as to express the percentage ratio of 
the total volume of stibinc to the volume of hydrogen plus stibinc. 
The numbers thus represent the ratio of molecules of stibine to 
total number *of molecules generated at the cathode. That the 
antinion}’ precipitated in the strongly acid and in the alkaline 
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solutions was derived from the stibine primarily formed could also 
be inferred from the fact that when the yield of stibine corresponding 
with this antimony plus the gas decomposed by the silver nitrate 
was determined, perfectly definite and regular results were obtained, 
whereas the yields of stibine determined by the silver nitrate alone 
were variable and irregular. 

Apparatus.— Fig. 1 represents the p K; j 

cathode compartment of the electro- 

lytic vessel surrounded by the anode. 1 

It consists of a pot of porous earthen- ( 3 

ware closed by a rubber stopper. The «^Y\ ( f 

anode was a piece of platinum foii (JJ"l 1\ 

completely surrounding the pot in the 

experiments with an acid electrolyte, ^ 

and a similar piece of nickel gauze ^ ^ 

when the electrolyte was alkaline. ^jj h 

Through the rubber stopper passed a 

thermometer, a glass tube holding the / 

mercury platinum-wire connexion to Ul 

the cathode, the stem of a tap funnel, \ / 

and the exit tube for the mixture of 

hydrogen and stibine. The cathode ^ ^ 

was a stick of Kahlbaum's purest (Zhw ^ 

antimony of rectangular section dating ( 

from 10(H). The principal dimensions I fk 

of the piece used in the experiments NN. \f ~ T 

on acid electrolytes were O C, 1*3, and | m 

2-5 cm., corresponding with a surface 

of 10*11 sq. cm.; in the experiments * L 

on alkaline elect rolytes t lie di mensions 1 ^ ^ ^ I 

were 2*2, 1*3, and 0*0 c in., correspond- $ ~JP| ^ 

ing with a surface of <K>2 sq.cm. The 1 ^ 

antimony was suspended in the electro- ^ | 5 

Irte by incans of a piece of platinum | U $ 

wire. LJr ^ 

The vessel for the auxiliary hydrogen ■ S 

electrode consists of the tap funnel ^ ^ p $ 

already mentioned. 1 1 served likewise 

f or introducing hydrogen into the ^ 

S 'trrrrr*- ih ° ***• **** ^ fro.., 

fZd he . P , • <luri "" the electrolyte 

in the ve-1 I* P u, ' ,d,,, 6 tlll> deetrse connexion. The liquid 

with . ld( ri a '°yV h< ' V M) ,hr caso of fl "' experiments 

U doctrolytes, always .V-s,tlpl,urio acid: below the tap 



m 


SAND, WEEKS, AND WORRELL: 


it was the electrolyte used. In the case of the experiments on 
alkaline electrolytes, the liquid above the tap was always the same 
as the electrolyte used. To obtain the theoretical overvoltage, the 
concentration and temperature of the electrolyte in the hydrogen 
electrode should be the same as those of the working electrode. A 
* m all correction would thus have to be applied to give the theoretical 
value. This correction would, in the case of the alkaline elec- 
trolytes, be negligible ; in the case of the acid electrolytes, it would 
very rarely exceed two centivolts. The numbers given have 
therefore not been corrected, but are those directly observed. The 
platinum plates of the hydrogen electrode were platinised in the 
usual manner. The principal dimensions were approximately 2 
and 1*5 cm., and about one-half was immersed in the electrolyte. 
The hydrogen was obtained from a cylinder of compressed com- 
mercial hydrogen. It was washed by means of alkaline per- 
manganate. The porous pot was placed in a beaker containing 
electrolyte of the same composition as that in the pot, which reached 
well up to the level of the cork. The whole was immersed in a 
water-bath in which it could be heated to the desired temperature. 

For the purpose of obtaining and regulating the current, a battery 
was connected with the two end-terminals of a sliding rheostat, and 
the current required was shunted olf from one terminal and the 
slider. The circuit comprised the electrolytic cell, a calibrated 
ammeter of the moving-coil type, and the rotary commutator. 
The latter, as already explained, connected the cathode alternately 
with the source of current and with the auxiliary hydrogen electrode 
through a potentiometer. Two rotary commutators were employed 
in various experiments, and the results obtained by both were the 
same. The iirst was a commutator constructed for the determin- 
ation of electrolytic resistances by Whet ham’s method, only three 
of the eight brushes being employed in the present instance. During 
one revolution, the cathode was four times connected with each 
of the two circuits. The commutator was driven by a belt, the 
number of revolutions of which could easily be counted, so that a 
knowledge of the ratio of revolutions of belt to revolutions of the 
commutator allowed the latter to he calculated. The other com- 
mutator was specially constructed for the present work anil there- 
fore could be made of much simpler design. It connected the 
cathode, twice with each of the two circuits per revolution. It was 
driven directly at a very high speed from the shaft of a small electro- 
motor by means of a flexible connexion consisting of a piece of 
rubber tube. Attempts to count the speed of this commutator 
directly by raehns of a speed-counter failed owing to slowing dotjn 
of the motor; the fact, however, that tills commutator gave the 
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same results as the other one, running at its highest speed, proved 
that its speed was at least equal to that of the latter. A complete 
series of tests was carried out, both in acid and in alkaline solutions 
at all the concentrations and temperatures investigated, to deter- 
mine the effect of speed of the commutator on overvoltages, and 
showed that under all conditions it was possible to obtain values 
that were independent of further increase of speed. In the more 
concentrated solutions, it was necessary to employ a slightly higher 
speed than in the more dilute ones; the temperature, however, had 
little influence on the minimum speed required. The numbers 
taken from these experiments which are given in Table I will convey 

Table I. 

Breaks of current per minute 1200 1750 2150 3000 33o0 3700 

/(A /32-lf.SO, at SOT 0-021 0-032 0-032 0-032 0-032 0-032 

vuliasre t(8A *J1 2 S0 4 at 80") 0-333 0-352 0-385 0-400 0-407 0-407 

Breaks of current per minute 1000 1300 1050 2050 3050 3050 

Over* / (A’/32-XaOH at 4.> ) 0-015 0-055 0-055 0-055 0-055 0-055 

voltage \(8A T -Xa01 Tat 45 ) 0-42<) 0-440 0-455 0-470 0475 0475 

a sufficient idea of the effect- of speed of commutator on the accuracy 
of (he results. Several potentiometers were employed in this work. 
They were either of the Poggendorf or of the voltmeter compensation 
type (Sand, Trans. Faraday Soc ., 1909, 5, 162). They were com- 
pared with each other and gave the same results. 

Faults in Acid Solution {Experiments by 8. W. Worrell). 

Ihc experiments were carried out on sulphuric acid solutions 
made by diluting standard stock solutions. In Table II are given 
results 011 the variation of overvoltage with current density. It 

Taih.k 11. 


Variation of overvoltage 

with current 

density in 

acid solutk 

Strength of in-ill. 

A’ 32. 

2.Y. 

A' 4. 

X ,2. 

Tump. 

50 , 

5o\ 

2U . 

30’. 

Milliamps. 

Ov.-r- 

OviT- 

Over- 

Over- 

pur $q. um. 

volt, 

vnltage. 

voltage. 

voltage 

1 

o-oso 

0-050 

u-oso 

0-050 

- 

0-230 

0-130 

0 250 

u-133 

3 

0-370 

0 233 

0-400 

0*230 

4 

0-510 

0-360 

0-530 

o-l 00 

5 

(Mint; 

0-473 

0-62O 

0-530 

0 

0*000 

0 513 

0-625 

0-600 

' 

0-0 SO 

0-525 

0-6s4 

0-640 

S 

{) 

O-0SS 


0-605 

O-650 

10 

M 

’’ 

” 

»* 

n 







l.> 

” 

0-525 

0 605 

0-650 


o-ass 

luo _ 


0-605* 0-650 
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will be seen that in every case the overvoltage rises until a definite 
value is reached at a current density in the neighbourhood 0 f 
8 milliamperes per sq. cm., and then becomes constant. This 
value, which we may refer to as the critical current density, varies 
with temperature and concentration. The corresponding point on 
the curves we shall refer to as the break-point. In Table Ilia arc 
given results which show that below* the break-point no stibine 
whatever is produced. In Table III6 the yield of stibine is shown 

Tables Ilia and III6. 

Variation of yield with current density in acid solution. 

Cone. ^lilliamps. Over- Critical Yield 


Temp. 

of acid. per sq. cm. 

voltage. 

over-voltage. 

per cent. 


(ff) Current below 

the critical 

density. 


20 

A' 7 

(Mi 15 

0-620 

0 

.50 

,, )( 

0-500 

0-573 

” 

30 

A’ 2 

0-040 

0-650 


30 

.Y 8 

0-000 

0-690 


.50 

V 32 

0-075 

0-68S 


20 

2.Y 

0-550 

0-570 


30 


0-550 

0*560 


20 

4Y U 

0-520 

0-532 


20 

S.Y 

0-510 

0-520 


.50 

., 5 

0-445 

0 453 


70 

A 0 

0-520 

0-530 


70 

A'/2 

0-500 

0*57.5 



(b) Current above 

the critical 

density. 


20 

N 7 

0020 

0-620 

113.5 


,, 20 


,, 

1 1 -51 


,, ,50 



11-80 


„ 10O 


M 

12-21 


„ 150 



12-22 

50 

8 

0-573 

0-573 

7-95 


20 



8-00 


„ 50 



8-21 


,. hk) 


yy 

8-46 


„ 150 



8-46 

40 

A\2 8 

0-034 

0-034 

5-07 

}f 

„ 20 



5-1 4 

Jf 

„ 50 



5-44 


„ 100 



5-53 

» 

„ 150 



5-55 

at various current densities abo\ 

e the hrcak-])oint. It 

will be seen 

that the 

effect of current density on yield at given temperatures 


and concent rat ions is slight, the yield increasing to a constant 
value. It may be noted here that the yield is dependent also on 
the presence of other metals. Thus, experiments were carried out 
in which the cathode consisted either of copper or of platinum 
gauze, plated electrulyticallv with antimony from a thioantimonite 
solution. The overvoltage was found the same as with solid 
antimony. The yield, however, differed. Thus, in one instance, 
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11*80 per cent, of stibine was obtained from pure antimony 7-55 per 
cent, from antimony deposited on platinum gauze, and 7’27 per cent 
from antimony deposited on copper gauze. Some of the results of 
Tables II, Ilia, and III6 are expressed graphically in Fig. 2 in 
tu-o sets of curves. In the upper, the abscissa; arc current densities 
the ordinates overvoltages. In the lower set, the absciss* are the 
same as in the upper one, and the ordinates represent yields The 
figure thus illustrates the connexion between yield and breakpoint. 

Fig. 2. 


Ac id solution. 



‘ f " lo " ">g experiments a current of .To n.illiam petes was 
value fT 1 ^ ’ u ! iCl ‘ “ < ‘' msi ' lt ‘ rabl -v greater than the critical 
held hr'°"/ , " , ! llamps ' ;cm '")- At thL< current density, the 

ire rear h a M1 . nc ' arI - v "'"died its maximum value. The results 
the a t nl gra| r ; '" y “ Fips - and 4 ' tables containing 
spate I ?,""“‘ rH ' al ? ,Urs havin ? W " knitted to economise 
Will be set'll that at a given temperature the overvoltage 
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starts from a high value at low acid concentration, and with increas- 
ing concentration gradually approaches a value which becomes 
almost independent of further increase of concentration. Similarly 
at constant concentration, overvoltage decreases with increasing 


Fig. 3. 

Acid solution. 

A. Overvoltagc~conccnlral ion curves. B. Yield— concentration curves. 



Concentration. 


temperature. The highest value found for overvoltage was (MO 
in an iY/32 -solution at 0°. In the same solution, the overvoltage 
was 0 625 at b00°. In an SA r -solution, on the other hand, the 
overvoltage was 0’530 at 0° and 0*400 at 100°. As regards yiel » 
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tile following extreme numbers may be quoted. In an JV73 9 
solution 0-65 per cent, was obtained at 0° and only a trace at 4o"°* 
Jo a 4 Absolution, on the other hand, the yield was 15*23 per cent! 
at 0° and became practically zero only at 95°. At still higher 
concentration the total yields were still higher, but as already 

Fig. 4. 

Acid solution. 


A. Ovo'i'oltaqc-t cm wraturc cutvm. it * 



7 » m t» iotufi . 


of the Stilnn, originally formed 
J decomposed m contact with the electrol ytc! 

R ™ >ls iniloiIl, <»‘ Uijdfoxkh Solution [Expcrhm nln by E. J. Weeks). 

°, f ° r ! h ° St •''Moments was made up from carefully 
• llM ( * »<wk solutions as in as.- of the acid solutions. ‘ 
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Table IV. 

Variation of overvoltage with current density in iV-NaOH 
solution at 20°. 


Milliamps. per sq. cm. 1234 5 67g 

Overvoltage 0-17 0*24 0*30 0-36 0-42 0-47 0*51 0*55 

Milliamps. per sq. cm. 0 10 11 12 13 14 15 50 

Overvoltage 0*57 0*58 0*59 0*59 0*59 0*59 0*59 0*59 


Fig. 2a. 

Sodium hydroxide solution. 

A. Oecrvoltagc-current density curve. B. Yield-current density curve, 



In Table IV are given results showing the variation of overvoltage 
with current density for X -sodium hydroxide at 20°. As with the aci 
solutions, the overvoltage becomes quite constant when the brea k- 
point corresponding with about 11 milliamps. per sq. cm. i&reac e 
The results given in Table Ya show that below the break-pom no 
stibine at all is p-oduced. In Table V6 are given the total yielc s 
of stibine pro4uced at current densities above the critica 
and also the separate portions collected as gas and as me a ' 
antimony. It will be seen that the total yield vaiies ony 
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Tables Va and Vb. 


Variation of yield with current density in A r >NaOH solution 
at 20°. 


Milliamps** 


% Yield 

as % Yield as 

Total % 

per sq. cm. 

Overvoltage. 

gas. 

metal. 

yield. 

(«) Current below the ci 

ritical density. 


3 

030 

0 

0 

0 

5 

0-42 




6 

047 





(?j) Current above the critical density. 


12 

52 

0*59 

0-448 

4-35 

4-98 


0*472 

4*39 

4*862 

80 


0*473 

4-41 

4-883 

150 

99 

Fig. 3a. 




Sodium hydroxide solution, 

A. Overvoltage-concentration curves. B. Yiel d-conc'ntrat ion curves . 



slightly with increase of current density, becoming constant above 
about 50 to SO milliamps. per sq. cm. Fig. 'la represents the 
results of Tables IV, Ya , and Yb graphically. 

In the following experiments the variation of overvoltage and 
yield with concentration and temperature of the caustic soda 
was examined. The current density employed was uniformly 
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50 miiliamperes per square centimetre, a value well above the critical 
current density of about 11 miiliamperes per square centimetre. 
The results are plotted in Figs. 3 a and hr. The same general 
remarks hold that were made with regard to the experiments in 
acid solution. It will be noted, however, that the total yield i> 
very much smaller and of this, less than one-tenth left the solution 
as stibine gas. 

Fig. 4a. 

Sod in hi h >jd ro.v idc ml ution. 

A. Orcrrolitojr-trmpnvture ciu'trs. B. Yivld-fanjn rnlurr atnrx. 



Sum hi ary, u nil Discussion of Reunite. 

(1) The fact has already been referred to, that for an clectrohtc 
of given composition and temperature the overvoltage becomes 
practically independent of current density after a certain critical 
value has been reached. Below this value no stibine whatmei h 
produced, above il a yield is obtained that is inti ue need onh ur } 
slightly by further increase of current density. 

(2) Perhaps the most surprising result obtained is the vcr\ 
great analogy between the curves for acid and for alkaline solution- 
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At low concentration we have in both cases very high overvoltages 
but practically no yield of stibine; with increasing concentration of 
the acid or alkali, the overvoltage, however, diminishes to a value 
almost constant at each temperature, while the yield slowly 
increases. We may conclude from these results that both acid 
and alkali act as catalysts, promoting the union between the anti- 
mony of the cathode and the hydrogen which is being produced 
with a large amount of free energy. .Such catalysts we should 
expect to cause the decomposition of the stibine formed, when it 
has passed from the electrode into the liquid, where it is unstable. 
In agreement with this, wc find that some of the stibine is decom^ 
posed in the most concentrated acid solutions, and in all the alkaline 
ones. With rise of temperature the overvoltage decreases, the 
yield of stibine becoming smaller and finally zero. It is probable 
that these two facts are closely connected, the free energy of the 
nascent hydrogen gradually becoming too small with rise of 
temperature to allow it to form stibine. 

(3) From the results given, it is apparent that the electrolytic 
process for the preparation of stibine is quite capable of competing 
with other methods, the most favourable conditions being repre- 
sented by a compact antimony electrode in an acid solution of 
about 4A -strength, employed at a low temperature and with a 
current density greater than the critical value of 10 milliampercs 
per sq. cm. A yield of about 15 per cent, by volume may be thus 
obtained. 

(4) Free Energy of (he. Reaction 2Sb + 3H 2 = 2SbH 3 .— If the 
combination between antimony and hydrogen took place reversibly 
atthe cathode, the overvoltage would allow us to calculate the free 
eneigy of the reaction, since this would be equal to the free energy 
of the nascent hydrogen (referred to ordinary molecular hydrogen), 
if /is the free energy of two mols. of stibine of temperature T 
and atmospheric pressure, and r the overvoltage of the hydrogen 
producing this substance, then the relation would hold : 

/—fix 96.>Klrr. 

iliift \alup, it appears, must be considered an upper limit on 
amost any theory of overvoltage. Owing to the very considerable 
ataly tic activity of the acid and the alkali in the more concentrated 
soutions, particularly at a high temperature, it may be taken that 

ecorrect value of the free energy of the reaction will not be very 
emoved from that calculated by the above formula. Thus at 
an overvoltage of 0 402 was observed in acid solution, stibine 

corrra!? a * pre , ssurc of °' 01 atmosphere being produced. This 
nds with a free energy value of 6 x 96540 x 0 402 x 
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2'389 X 10" 4 = 55*6 large calories per two mols. To obtain the 
corresponding value for atmospheric pressure, we must add to the 
foregoing 2/OTog g 1/0*01, that is, 6*46 large calories, making 62’1 
large calories per 2 mols. of stibine at atmospheric pressure. {R 
1*987 X 10“ 3 large calories per mol. and degree; T — 363°), I n 
alkaline solution, we have an overvoltage of 0*404, producing i n 
the first instance stibine of 0*0131 atmosphere pressure, and this 
yields for atmospheric pressure the almost identical value of 62*0 
large calories per two mols. of stibine. 

In a similar manner, we find from the experiments on acid solution 
at 20°, making T — 293° and ? r — 0*520 volt, that the free energy 
of two mols. of stibine of 0*1452 atmosphere partial pressure is 
72*0 large calories, which gives a value for stibine under atmospheric 
pressure of 74*2 calories. The experiments on alkaline solutions, 
according to which the overvoltage at 20° is 0*533 for the production 
of stibine of 0*0623 atmosphere partial pressure, yield for the free 
energy of two mols. of stibine at atmospheric pressure the value 
77*0 calories. 

According to Stock and Wrcde [Ber., 1908, 41, 540), the 
heat of formation of stibine is - 34*27 large calories per mol., a 
value about two and a half times as large having been previously 
determined by Bcrthclot and Petit (Compt. rend ., 1889, 109, 546). 
Taking Stock and Wredes figure, the internal energy of two mols. 
of stibine is 68*5 calories, which is very close to the values for free 
energy suggested above. If we indicate the internal energy of the 
system by U and make / — — A, then according to the Gibbs- 
Helmholtz equation the gradient of free energy with temperature 
is given as 

dj 'dT - - dAfdT - {/ - U)/T. 

Substituting the values given above for / and for U, we find 
that at 100° df;&T is approximately zero, which agrees with the 
overvoltage-temperature curves. The values suggested for / at 
the ordinary temperature would lead to a very small positive 
temperature gradient for free energy, in contrast to the negative 
one following from the curves. It is therefore probable that these 
free-energy values are slightly high. 

Experiments are being continued on the relation between yield 
of stibine and overvoltage, and the concentration of hydrogen- and 
hydroxyl-ions in the electrolyte ; and also on the conditions govern- 
ing the nature of the deposit from solutions containing metal-ions. 

Department of Inorganic and Physical Chemistry, 

Sir John Cass Technical In-stitctk. 

• [Recti iv<l, November -llh , in— i 
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The System Chromium Trioxide-Nitric Acid- 
Water. 

fly Stanley Augustus Mumford and Lionel Felix Gilbert. 

I’he solubility of chromium trioxide in nitric acid does not appear 
to have been systematically investigated. The purification of the 
‘uihydride by washing with nitric acid was advocated by Bunsen 
[Annaleft, 1868, 148, 200) and later by Zetlnow {Pogg. Ann., 1871, 
143 468), the former employing “ fuming nitric acid containing 
no nitrous oxides,” the latter 4< nitric acid of not less than 1*46 sp. 
gr., ;! in which acid chromium trioxide is stated to be insoluble; 
but no later data can be traced. 

Table I. 


Compositions (grams per 100 grams) and densities at 26°. 
Liquid phase. Wet solid. 



hxo 3 . 

Cr0 3 . 

hxo 3 . 

Cr0 3 . 

1-704= 

0 

62-85 

— 

— 

1-084 

2-28 

60-31 

-- - 

— 

1-001 

5*05 

56-47 

2 47 

78-70 

1-640 

o-37 

52-51 

— 

— . 

1-600 

13-25 

48-10 

6-06 

74-87 

1-370 

10-30 

41-07 

8-62 

74-00 

1-528 

20-70 

34-32 

12-10 

70-43 

I 481 

35-35 

25-54 



1-434 

46-01 

14-63 

10-73 

62-06 

1-402 

50-11 

4-88 

23-24 

61-45 

1-400 

68-40 

0-05 

46-07 

32-05 

1-440 

74-47 

0-27 

36-00 

50-90 

1-450 

82-00 

0-06 

44-18 

40-19 

1-400 

86-56 

O-I0 

— - 

— 

1-475 

80-17 

0-18 

51 -38 

41-52 

1-303 

02-63 

ISO 

40-54 

56-11 

i-357 

01 -36 

8-20 

44-64 

5503 



Table II. 



Compositions (grams per 100 grams) 

and densities 

at 4.V. 


Liquid phase. 


Wet 

solid. 

tlf. 

ll.NO;. 

Cr() 3 . 

11 ML. 

tU) 3 . 

1-095 

0 

63-51 





1-076 

2-0.1 

61-27 





1-654 

5-58 

57-03 

4 13 

75-48 

1-010 

11-47 

51-71 

— 

— 

1-560 

10-53 

45-41 

lu-18 

68-32 

1-400 

33-20 

20-57 





1-400 

50-60 

13-15 

30-77 

31-90 

1-384 

65-74 

2-47 

27-60 

50-82 

1-416 

73-81 

o-ss 

30 33 

57-57 

1-450 

81-55 

0-44 

41-50 

46-93 

1481 

88-35 

0-60 

61-21 

20-62 

1-512 

01-85 

5 30 





1-381 

88 06 

0-42 

65 82 

30-55 



472 


MUMFOKD AND GILBERT *. 


In the present paper the results of a determination of the solu. 
bility isotherms of the system Cr0 3 -HN0 3 -H 2 0 at 25° and 4.5° 
are described. 

The system is of a comparatively simple character, the com- 
position of the solid phase, as determined by the wet solid 51 
method, being Cr0 3 throughout. The two isotherms are precisely 
similar in type; they exhibit no discontinuity, and differ only in 
the slightly greater solubilities of the anhydride at the higher 
temperature. 

In the tables of results (Tables I and II) the compositions of the 



Per cent, nitric acvl. 


liquids and wet solids are expressed in grams per 100 grams, and 
the densities of the liquids are those in a vacuum. The values 
obtained at 25° have been plotted in the diagram. 

It will be observed that the minimum solubility of chromium 
trioxide occurs in approximately 18A -nitric acid (SO per cent ), 
corresponding with the aeid of d l » 1’40 mentioned by Zettno*. 
It is of interest that an acid of this strength corresponds with the 
molecular ratio HX0 3 ,H 2 0; and further, that the subsequent 
increase in solubility of the anhydride does not take effect unti 
after the ratio 2HX0 3 ,H 2 0 has been passed. It would therefore 
appear that hydration of the nitric acid may play an important 
part in determining the solubility relations in the system. 
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The colours of the solutions change with increasing concentration 
of nitric acid from dark red to yellow, the solutions on the flat 
portion of the curve being light yellow. The solutions in the 
strongest nitric acids (95 and 99 per cent, with the 25° isotherm, 
95 and 97 per cent, with the 45° isotherm), however, are again 
dark red, and this, taken in conjunction with the increased solubility 
of chromium trioxide, appears to point to polymerisation or to 
formation of compounds. 

The densities of the systems may be calculated with a considerable 
degree of accuracy by employing the equation involving assumption 
of the constancy of the molecular volumes of the components in 
the solutions (Masson, T., 1911, 99, 1132), namely, 

a a + (36 -f- 71 0 — 1000 , 

where u, b, and w are the concentrations in gram-molecules per 
litre of the nitric add, chromium trioxide, and water, respectively, 
and 2 , Pi and y the corresponding molecular solution volumes. 
Transformed for the calculation of densities, the equation becomes 

D — K + k\a -f k 2 b, 

where D is the density of the solution containing a gram -molecules 
of nitric acid and b gram-moloeulcs of chromium trioxide per litre, 
and the constants K, k v k 2 are directly calculable from the values 
of a, p, and y. For the 25 a -series, the equation is 

D = 1 1476 -f 0 01663 a -f 005198 b , 

and the calculated densities are in excellent agreement with the 
observed values, the calculated densities corresponding with the 
first eleven measured (corrected) densities given in Table 1 being 
as follows: 1*704, 1*685, 1*661, 1*636, 1*605, 1*570, 1*528, 1*482, 
1*434, 1*402, 1*409. At neither temperature, however, does the 
assumption of constant molecular solution volume hold for con- 
centrations of nitric acid higher than 17 A. 

Subsequent to the publication of the paper referred to above, 
Dr. Masson has shown (private communication) that the con- 
cordance of the values calculated by the above equations with fact 
’ probably due, not to constancy of molecular volumes, but to 
ounterbalancing variations in these. The equations are therefore 
mpirical but useful. This matter was studied in the present case, 
or which purpose the densities of unsaturated aqueous solutions 
f chromium trioxide were determined (Table III). The specific 
'Oluraes of nitric -chromic solutions in water prove to be only 
'Pproximately additive, functions of those of the iwo solutions 
•flken separately. 
v °t. exxiii. 
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Table III. 


Densities of aqueous chromic acid solutions (M — gram -molecules 
per litre). 


At 25 °. At 45 °. 


df. 

M. 

<*?■ 


1-7042 

10-713 

1-6954 

10-768 

1-5707 

8-627 

1-6060 

9-331 

1-4835 

7-288 

1-5277 

8-173 

1-4135 

6-221 

1-4593 

7-034 

1-3470 

5-171 

1-3813 

5-890 

1-2901 

4-301 

1-3056 

4*733 

1-2101 

3-530 

1-2379 

3 -G 03 

1-1907 

2-886 

1-1831 

2-829 

1-1530 

2-222 

1*1300 

2-009 

1-1134 

1-049 

1-0918 

1-467 

1-0815 

1-193 

1-0599 

1-002 

1-0002 

0-842 

1 0220 

0-459 

1-0250 

0-393 

1-0003 

0-22 (J 

1*0119 

0-200 



1-0042 

0-098 



1-0012 

0-060 



0-9989 

0029 



0 - 99 S 1 

0-013 




It is of interest to note that the densities of the ternary solutions 
are within 0*25 per cent, of those calculated from the law of mixtures 
on the hypothesis that each solution consists of a saturated solution 
of chromium trioxide in water, mixed with a solution of nitric 
acid in the remaining water, and when the latter solution contains 
nitric acid and water in the molecular ratio 1'2 the ternary mixture 
is found to have the minimum density. 

Experimental. 

Components . — The chromium trioxide and nitric acid (up to 
69 per cent.) used were of the standard of purity demanded by the 
“ A. K.” tests. The strongest nitric acid Mas obtained by dis- 
tillation in an all-glass apparatus, with the exclusion of light, of 
a mixture of the 69 per cent, acid with two volumes of pure conceit 
trated sulphuric acid, and subsequent fractional redistillation under 
reduced pressure (75 — 90 nnn.) from a small quantity of pure dry 
barium and silver nitrates (compare Yeley and Manley, Phil. Tran*. } 
1S98, 191, [A], 365). The first fractions of the second distillation 
were bright orange-yellow and contained about 1*5 per cent, of 
nitrous acid, M T hich, h<nvever, was not removable by the passage 
either of carbon dioxide through the warm acid (compare Millon. 
J. pr. Chem ., 1843, 29, 349), or of ozone in the cold. The later 
fractions contained about 99 per cent. HN0 3 , and were either 
colourless or very slightly pale yellow, only traces of nitrons acid 
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being present. Nitrous-free acid only was employed in the con- 
centrated acid systems at 25°, the acid used for those at 45° being 
slightly yellow in colour and containing up to 0‘4 per cent, of 
nitrous acid. 

procedure. — The components were mixed in suitable proportions, 
the less concentrated systems being sealed in glass tubes of about 
100 c.c. capacity and revolved in a thermostat, the more concern 
(rated systems being contained in small glass-stoppered bottles 
and suspended with repeated shaking in the thermostat. Sampling 
ivas effected in the same way as described in a recent paper by 
Gilbert, Buckley, and Masson (T\, 1922, 121, 1934), the operations 
being performed as rapidly as possible to minimise absorption of 
atmospheric moisture and loss of nitric fumes. 

Analytical Methods . — The total aridity of the samples was deter- 
mined by titrating the suitably diluted mixture with 2s j 10-barium 
hydroxide, using phenolphthalein, the colour change of which is 
not interfered with by the pale yellow precipitate of barium 
chromate. The method was shown by means of careful tests to 
vield results accurate to within OT per cent. Estimation of the 
chromic acid by the iodomotric process bring here inapplicable 
owing to the presence of nitric arid (plus traces of nitrous acid), 
the chromate, in all but the solutions containing little chromium 
trioxide, was estimated gravimetricaliy by precipitation as mer- 
curous chromate and ignition of the precipitate. In the latter 
solutions the chromate was estimated by addition of an excess of 
LlO-ferrous ammonium sulphate and subsequent titration with 
.V 10-permanganate to determine the excess. Both methods were 
tested over the range of concentrations employed and shown to 
be accurate to within 013 per cent. Nitric acid was estimated 
by difference, the tests showing that in all but the very dilute 
nitric acid systems no error greater than 0*2 per cent, was 
obtained. 

Ibis work was carried out at the suggestion of Dr. Irvine Masson, 
to whom our thanks arc due for much helpful advice. One of 
ihe authors (S. A. M.) wishes to express his indebtedness to the 
Department of .Scientific and Industrial Research for a grant. 

tsiVEMiY College, Lomhi.n, ft/ r< < nd, January 1 2th , 1923.] 
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LX. — The Action of Alcohol on the Sulphates of 
Ammonium. 

By Horace Barratt Dunnicliff. 

When dry sodium hydrogen sulphate is treated with dry alcohol, 
it yields Na 3 H(S0 4 ) 2 , but a similar reaction is not observed when 
dry potassium hydrogen sulphate is treated with dry alcohol (Butler 
and Dunnicliffj T., 1920, 117, 649). The object of the work to l c 
described was to investigate the action of alcohol on ammonium 
sulphate and ammonium hydrogen sulphate and to determine the 
best method for the preparation of the compound (NH 4 ) a H(S0 4 b 
originally reported by Mitschcrlich ( Pogg . Ann,, 1836, 39, 198) 
and later by van Dorp ( Z . physikal. C/tero., 1910, 73, 284} and 
D’Ans ( Z . anorg. Chem 1913, 80, 235). 

Preparation of Materials. — Alcohol was dried with lime as 
described in the previous work (Zoc. cit.), and controls were carried 
out on sodium and potassium hydrogen sulphates. The alcohol 
was considered ready for use if sodium hydrogen sulphate, when 
treated with live times its weight of alcohol, gave a product having 
an acidity of not less than 18*60 per cent, or if potassium hydrogen 
sulphate, similarly extracted, gave a product showing a fall of 
acidity of not more than 0*3 per cent. All the early experiments 
were carried out with lime-dried alcohol, but subsequently con- 
siderable quantities of alcohol were dried by the following method. 

Alcohol (absolute) was treated with small pieces of calcium 
carbide. Effervescence took place and continued for some time. 
The alcohol was then boiled on a water-bath for some hours over 
fresh calcium carbide under reflux. After cooling, the total cess- 
ation of evolution of gas was observed by connecting an alcohol 
manometer to the flask. The spirit was first distilled under reduced 
pressure, and the runnings, which at first had ail unpleasant odour, 
were discarded until practically no foreign smell was noticeable 
in the distillate. The main bulk of the alcohol was then distilled 
from a water-bath at atmospheric pressure. B. p. 77*1 — 77*2°/ 
726 mm. (Lahore). 

The alcohol had a slight foreign odour, but no impurity could 
be detected. The efficiency of this alcohol as tested by controls 
showed that it is indistinguishable for the present purpose from 
the best samples of alcohol dried by the lime method. 

Ethyl ether, alcoholic sulphuric acids, sodium sulphate, and 
sodium hydrogen sulphate were prepared by the methods alreadv 
described ( loc . ‘cit.). 

Ammonium Sulphate.— Ammonia gas from pure ammonia 
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“fortis ” was passed into a solution of pure sulphuric acid in water 
until the solution smelt of ammonia and the reaction was alkaline 
The crystals were filtered off and left on a porous plate in a desic- 
cator for fourteen days. The ammonium sulphate was powdered 
and extracted with dry ether in a Soxhlet apparatus (Found • 

S n " 7 0 2 7 7 ua’ NHj= . 27 ' 39 ' Calc - for (NH 4 ) 2 S0 4 , S0 4 = 7270; 
XH 4 = 2/ - 30 per cent.). 

Ammonium Hydrogen Sulphate .— Molecular proportions of sul- 
phuric acid and ammonium sulphate were dissolved in water and 
concentrated on a water-bath until crystals separated. The solution 
ms cooled and the crystals which separated were quickly pressed 
between filter paper and then left on a porous saucer in a desiccator 
over sulphuric acid for some days. The crystals were extracted 
with ether in a Soxhlet apparatus until the runnings were neutral. 
This was found to be the most efficient method for the elimination 
of traces of water and sulphuric acid from the product (Found • 

it on _ ^ o. rc , on on a- - 1 ' vuuu • 


H 2 S0 4 = 42-56; S0 4 = 
= 42*61: SO, 


: 83-45; NH d = 15*59. 


Calc, for XH.HSO, 
HA = 42-61; SO.- 83 - 47 ; XH 4 = 1367 per cent.). V p 
14,r0°. The substance is extremely hygroscopic and was preserved 
in glass bottles in desiccators. 

Action of Alcohol or Ether on Ammonium Sulphate.— Ammonium 
sulphate is not attacked by either dry alcohol or dry ether If 
the sample contains any moisture, either of these two solvents 
extracts it. 

Action of Alcohol or Ether on Ammonium Hydrogen Sulphate. 
-Ether has no action on ammonium hydrogen sulphate except to 
extract traces of moisture or free sulphuric acid from it 
Ammonium hydrogen sulphate (HjS0 4 - 42-36 per cent.) was 
shaken with seven times its weight of dry alcohol for eighteen hours. 
The product was quickly filtered and then extracted with ether 
m a hoxhlet apparatus. The washing was complete when litmus 
»er from which the ether had completely evaporated was un- 
changed by the extract. A typical sample of the product gave the 
following analysis : 1^0. = 19-73; 80.- 77-77; XH.L 21-72 
\tT- requires H 2 S0 4 = 19-84; S0 4 =- 77 09 ; 

4 -HX) per cent. Hence the action of seven parts of alcohol 

lil Pa M 0 f .T ,0niUm hydr °S cn sn| pl>»te is to give an inter- 
Jat ulphate having the formula (XH 4 ) 3 li(S0 4 ) 2 , corresponding 

S ' f °, n r d b - V " le acti °» alco, iol (7 parts) on sodium 
Mdphatc (1 part). The alcohol first rapidly extracts 

results aro^'l't an<1 par,ial "‘‘-nHcation follows. Similar 

• - are obtained when tho ratio of alcohol to XH 4 HS0 4 is 5 : 1. 

^ZS:,2T- disu,p,,a10 is ,M>t ,Wiquew,,t and 


On treatment with a fresh quantity 
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of dry alcohol, (NH 4 ) 3 H(S0 4 ) 2 loses a further small quantity 0 f 
acid (0‘3 to 0‘5 per cent.) (compare T., 1920, 117, 653). this 
reduction of acidity is not observed when the compound is treated 
with alcoholic sulphuric acid (about 3'8 per cent. H 2 S0 4 ) produced 
in a previous extraction. 

Commercial “ Pure Ammonium Hydrogen Sulphate. — By taking 
advantage of this reaction, the constitution of commercial sample* 
of ammonium hydrogen sulphate may be investigated by a similar 
procedure to that given in T., 1920, 117, 666 for the determination 
of the constitution of nitre cake. 

Ail the samples of commercial “ pure ” ammonium hydrogen 
sulphate available contained moisture, They were dried bv ether 
extraction. No dried sample examined had a higher acidity than 
3S‘00 per cent. In examining the constitution on the analogy of 
nitre cake {loc. cit.), three possibilities have to be considered. 

(а) The commercial hydrogen sulphate is a mixture of ammonium 

sulphate aud ammonium hydrogen sulphate, 

(б) it is a mixture of ammonium sulphate, ammonium hydrogen 

sulphate, and intermediate sulphate, or 

(c) it is a mixture of ammonium hydrogen sulphate and the 
intermediate sulphate. 

It is possible to distinguish between these three : (a) and (b) 
will he acted upon hv alcohol, giving a product which has an 
acidity lower than that of the intermediate sulphate (19 84 per 
cent.), since, in each case, the ammonium hydrogen sulphate will 
be acted upon by the alcohol, giving (XH 4 ) 3 H(S0 4 ) 2 , and the normal 
sulphate will act as a diluent and diminish the acidity of the product. 

To distinguish between («) and {h), use is made of the fact that, 
in the former case, alcohol extracts two- thirds of the total acid 
present, whilst, in the latter case, less than two-thirds of the add 
present is extracted by treatment with alcohol. 

In the third ease, (r), the acidity of the product after treatment 
of the commercial hydrogen sulphate with alcohol will be 19'84 per 
cent, or thereabouts. 

Analysis of a particular sample of dried “ pure ” ammonium 
hydrogen sulphate before treatment with alcohol gave H 2 80 4 = 
37-66; (NH 4 ) 2 S0 4 = 6241. Theory for XII 4 HSw, requires 

H,S0 4 = 42*61; {XU ) 2 S0 4 = 57 *39 * p. i r cent . 

After extraction with alcohol (;> parts) and washing with eliier, 
analysis gave : H 2 S0 4 = 16-66 ; XU. - 21-81 ; S0 4 =- 77-74. 

Theory for (NH 4 ) 3 H(S0 4 ) 2 requires H 2 S0 4 = 19*84; NH 4 = 21-W; 
S0 4 = 77 -69 per cent. 

Hence the dried commercial hydrogen sulphate examined consists 
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0 f a mixture of ammonium hydrogen sulphate (78*25 per cent.) with 
the intermediate sulphate (21*75 per cent.). 

Calculation shows that, had the sample consisted of a mixture 
of ammonium sulphate with the hydrogen sulphate, the theoretical 
acidity after alcohol treatment and washing with ether would have 
been 16*76 per cent. 

preparation of the Intermediate Sulphate . — This was attempted 
by the following methods : 

(1 ) When ammonium sulphate is mixed with ammonium hydrogen 
sulphate and the mixture raised to a temperature of 190 D , the inter- 
mediate sulphate is formed as in the case of the sodium salts ( loc . 
cit± With excess of the hydrogen sulphate, a quantitative result 
is obtained, but the explanation of the preparation is comjdicated 
by the fact that ammonium sulphate readily decomposes when 
heated and will itself give the intermediate sulphate (when heated 
in a platinum dish to 320°) (W. Smith, J. Soc. Chem . Ind., 1895, 
14, 629; 1890, 15, 3). ihc products of the action of ammonium 
sulphate with excess of fused ammonium hydrogen sulphate gave, 
on treatment with alcohol, residues having acidities ranging from 
19*6G to 19*82 per cent. 

(2) Action of concentrated sulphuric acid on dry ammonium 
sulphate. The two substances were triturated together and then 
put into a desiccator. Original acidity of the produel — l' 0*3-! 
per cent. Acidity after extraction with ether = 15*20 per cent. 
This indicates that about 25 per cent, of the acid had, up to that 
time, failed to combine with the ammonium sulphate to form 
eitlici of the compounds under investigation. After twenty-four 
hours, the ether-extracted substance had an acidity of 16*23 per 
cent . Determinations of acidity after treatment with alcohol for 
twenty-four hours and subsequent extraction with ether gave 
the following results : 

(a) Immediately after trii mat ion a-M) nor cent 

(&) About lour hours after triturai ion _ 

(c) Thirty-six hours alter trituration 10-30 ’* ” 

Theoretical acidity, if all the acid were combined as ammonium 
hydrogen sulphate, = 7*80 per cent. 

These results indicate that the system (XH 4 ) > 80 r H.^0 4 -H.,0 is 
gradually coming to a state of equilibrium. The first combination 
IS probably as hydrogen sulphate, and although the intermediate 
sulphate is subsequently formed (<•), a quantitative result has 
never been obtained. 'Ihc possibility that the intermediate sulphate 
“ fo f ued t0 extent by the action of alcoholic sulphuric acid 
(produced by the action of alcohol on the hydrogen sulphate present) 
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on the ammonium sulphate is negatived by a subsequent series of 
experiments (vide infra). 

(3) When a solution of ammonium sulphate (3 mols.) and sul. 
phuric acid (1 mol.) was evaporated on a water-bath until the 
residue appeared to be dry, analysis showed the presence of a 
notable quantity of water. After being left in an air-oven at 
110 — 120° for seven to eight hours, the acidity of the substance 
w T as always high, that is, the percentage of acid was greater than 
corresponded with the weight of acid added (19*84 per cent.). 
Seven separate preparations yielded acidities varying between 
20 ‘95 and 22*45 per cent, and, after extraction with ether, the 
acidities rose to 20*99 — 22*50 per cent. These results were only 
consistent in the high percentage of acid and suggested that the 
substance was decomposing with evolution of ammonia. Drv 
triammonium hydrogen dLsulphatc, prepared by the action of 
alcohol on ammonium hydrogen sulphate, was left in the oven at 
about 120° for several hours, and the acidity rose from 19*75 to 
20*08 per cent. This method was therefore also rejected. 

(4) instead of attempting to drive off by heat the last traces 
of moisture from the preparation made according to method (3), 
drying by ether extraction was tried. By this means preparations 
(theoretical acidity 19*84 per cent.) having acidities of 19*66 — 1943 
per cent, were obtained. The acidity of the first ether washings 
showed that a little acid was still uncombined. If these prepar- 
ations consist of the intermediate sulphate, treatment with alcohol 
will only reduce the acidity slightly (not more than 0*5 per cent., 
p. 478). On treatment of these preparations with alcohol (5 parts) 
and extraction with ether, residues having acidities ranging from 
18*20 to 18*08 per cent, were obtained. If the residue had con- 
sisted of a mixture of normal and hydrogen sulphates, the acidities 
of the residues after alcohol treatment would have been 7*62 — 745 
per cent. Hence there is considerable formation of the inter- 
mediate sulphate on evaporation and the preparation consists 
principally of the intermediate sulphate with smaller quantities 
of the normal and hydrogen sulphates. The possibility that the 
intermediate sulphate is formed by the action of alcohol on a 
mixture of ammonium sulphate w ith the hydrogen sulphate produced 
by the action of alcoholic sulphuric acids formed in the reaction is 
denied by direct proof (vide infra). The action of alcohol on a 
mixture of pure ammonium sulphate and pure ammonium hydrogen 
sulphate sometimes gives an acidity slightly higher than that 
corresponding to the complete conversion of the hydrogen sulphate 
into the intermediate sulphate. 

(5) Fractional crystallisation. When a solution of equimolecular 



the action of alcohol on the sulphates of ammonium. 481 

quantities of sulphuric acid and sodium sulphate is evaporated and 
the solid phase which separates is removed at frequent intervals, 
the latter is found to consist initially of sodium sulphate and later 
of crystals of increasing acidity. Dried, clear crystals of one crop 
A (H 2 S0 4 = 18-71 ; Na 2 SG 4 — 8116 per cent.), were treated with 
seven times their weight of dry alcohol for eighteen hours. The 
crystals retained their shape and appeared clear and unchanged. 
After washing with ether, the acidity of the alcohol- treated crystals 
was 18*49 percent. The next crop of crystals, B (H 2 S0 4 = 20*18 ; 
Na,80 4 = 79 /0 per cent.), when similarly treated, gave an acidity 
of 18-50 per cent, and showed two distinct phases, (1) apparently 
unchanged crystals, and (2) # white, opaque solid clinging to them. 
The first crop of crystals, A, appears to be the crystalline modification 
of iho amorphous 2 sa 3 H(S 0 4 )2 produced by the action of alcohol on 
sodium hydrogen sulphate, and the second crop, B, to consist 
mainly of A together with some sodium hydrogen sulphate, which 
has separated as a subsequent phase [Xa 3 H(S0 4 )» requires H„SO = 
18*71 ; Xa 2 S0 4 = 81*29 per cent.]. 

Attempts to prepare triammonium hydrogen disulphate by 
removing the solid phase at frequent intervals from an evaporating 
solution of cquimolecular quantities of sulphuric acid and ammonium 
sulphate were unsuccessful. Crops showing promising acidities of 
about 19*84 per cent. H 2 S0 4 proved to be mixtures. "Analysis by 
the method described above under 44 Commercial ‘ pure ; ammonium 
hydrogen sulphate 55 indicated the presence of a large proportion 
of the intermediate sulphate, but the yield was never even 
approximately quantitative. 

Hence the best method for the preparation of triammonium 
hydrogen disulphate is by the action of 5 to 7 parts of dry alcohol 
on 1 part of dry ammonium hydrogen sulphate and extraction of 
the product of the reaction with ether until the runnings are neutral. 


Jc/roti of Alcoholic Sulphuric Acuh on Ammonium Sulphate and 
" 1 w non i u m JI yd rogc n S alpha tc . 

In the analysis of mixtures of the sulphates, the possibility of 
J, ™! atl0n ” f 1 resul ‘ s rwor(1 «* above (owing to the action on 
mm sulphate of alcoholic sulphuric acids produced by the 
,“ n ,° a coh . 01 0,1 lll e hydrogen sulphate present) is one' that 
nf .nr* * , cn ‘ Ion ' hi cnee the action of alcoholic suljihuric acids 
amm™;,r nt K T Cen,ra,i ° ,1S 0,1 dry ammoni «i» sulphate and 
write ' , !' ? gm s,,lphat< ‘ has heen examined. As, in the 
toeialn “S’ th ° flmt ‘ ° f rfa< ‘ llon had in each ease been limited 
IS !' U 7 " i,h * akia *’ ‘he alcoholic sulphuric acids were 

react tor that period, for the same reason, the weight 
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of alcoiiolic sulphuric acid was always five times the weight 
of solid taken. These results are therefore not absolute. They 
were obtained to establish a control and are adequate for the present 
purpose. The work was done at laboratory temperature. The 
products of the reaction were extracted with dry ether until the 
washings were neutral. 


Table I. 


Action of Alcoholic Sulphuric Acids on Ammonium Sulphate, 



Hours of ether 

Percentage 
acidity of 

t Percentage 
acidity of residue 
after treatment 

Percentage 
of “ total ” * 

extraction until 

residue after 

with alcohol 

washings were 

washing 

and washing 

sulphuric acid. 

neutral. 

with ether. 

with ether. 

103 

2-0 

2-01 


1-71 

2-5 

3-50 



2-90 

3-U 

4-62 



4-66 

4-5 

6-50 



5*90 

7-0 

S-40 


7-80 

10-0 

9*75 



10-66 

18-0 

10-45 

9-25 

21-00 

22-0 

17-42 

15-02 

31(H) 

280 

19-78 

19-04 

41-05 

37-0 

36-93 

19-48 

51-01 

400 

42-45 

16-56 

(.ii.clkS 

4 4-0 

42-50 

19-62 

70-80 

5O-0 

42-62 

19-66 

80-99 

53-0 

* T., 1921, 

42-48 

119, 1384. 

1903 


A comparison of the results in column 3 with those for the sodium 
salt (T., 1920, 117, 658; Table Y, column 6) reveals the fact that 
ammonium sulphate is more readily attacked by the alcoholic 
sulphuric acids than the sodium salt is by alcoiiolic sulphuric acids 
of the same strength. The alcoholic sulphuric acid does not 
approach exhaustion — an equilibrium is being gradually established 
between the liquid phase and the solid phases, (N1J 1 ) 2 S0 4 and 
a:(XH 4 ) 2 S 0 4 ,yHoS0 4 . In these control experiments it is doubtful 
if the reaction was complete at the lower concentrations. 

With ammonium hydrogen sulphate, the equilibrium between 
the liquid phase and the solid phases appeared to be established. 
The results suggest changes of solid phase at about 7 * per cent, 
concentration and somewhere between 21 and 31 per cent, con- 
centration, respectively. The investigation of this ternary system, 
(XH 4 ) 2 S0 4 -H 2 S0 r C 2 liyUH, is being continued. In a mixture of 
equimolecular weights of ammonium sulphate and ammonium 

* This includes acid originally present in the alcoholic sulphuric add p^ s 
acid extracted from the ammonium hydrogen sulphate. 
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Table II. 

Iction of Alcoholic Sulphuric Acids on Ammonium Hydrogen 
Sulphate. 


Percentage 

Hours of ether 
extraction before 

Percentage 
acidity of 
residue after 

of sulphuric 
acid {“ total ”). 

washings were 

washing with 

neutral. 

ether. 

(i) 1-03 

3-0 

19-82 

(ii) 1 71 

3-0 

19-8H 

2-90 

3-5 

19-95 

4 , 60 

4-o 

20-20 

5-90 

HO 

21-70 

7*81 

8-0 

22*08 

2100 

130 

28*52 

31-00 

lti-0 

42-04 

41-05 

19 0 

42-82 

;>MH) 

230 

42-88 


hvdro< r en sulphate, the acidity extracted from the hydrogen 
sulphate would make, with the alcohol present, an alcoholic sul- 
phuric acid of about 2*0 per cent, strength. This would have an 
appreciable action on the ammonium sulphate present and account 
for the slightly high results obtained for residues after extraction 
of the mixture with alcohol, and indicating a somewhat high content 
of (XH 4 ) 3 H(S0 4 ) 2 . At the same time, it is possible to distinguish 
between a mixture of the normal sulphate with (a) the hydrogen 
sulphate and (6) the intermediate sulphate. In doubtful cases, 
experiments were repeated in which the weight of alcohol was 
increased to ten times the weight of solid used in the experiment, 
hi Table II, the total acidity of the liquid phase after extraction in 

(i) is more than 0 per cent, and in (ii) nearly 7 per cent. The 
inference is that, in order to obtain triaminonium hydrogen di- 
sulphate the quantity of alcohol used in the extraction of ammonium 
hydrogen sulphate should be such that the concentration of the 
alcoholic sulphuric acid produced is lower than about 0 per cent. 

Summary. 

(1) Triaminonium hydrogen disulphate, (X.Hj) 3 H(!>0 4 ) 2 , may lie 
prepared by the action of dry alcohol (o— 7 parts) on dry ammonium 
hydrogen sulphate (1 part) and subsequent washing with ether. 

(2) Triaminonium hydrogen disulphate is not deliquescent. It 
decomposes before melting and is slightly attacked by pure, dry 
alcohol. 

(3) Commercial ammonium hydrogen sulphates are mixtures of 
SH 4 HS0 4 with (*NH 4 ) 3 I1(S0 4 ) 2 and a little moisture. 

(I) Alcoholic sulphuric acids react with the normal and hydrogen 
sulphates of ammonium more rapidly than alcoholic sulphuric 

s* 2 
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acids of the same strength do with the normal and hydrogen 
sulphates of sodium. 

I am indebted to Bhai Sachdev Singh for assistance in the 
experimental work recorded in this paper. 

The Chemical Laboratories, 

Government College, 

Lahore, Punjab, India. [Received, October 26r/j, 1922.] 


LXI . — The Nitration of Benzaldehyde and the Monotropy 
of o -Nitrobenzaldehyde. 

By Oscar Lisle Brady and Samuel Harris. 

As wMiitrobenzaldehyde is an important intermediate in the manu- 
facture of certain dyestuffs, it is surprising that there is so little 
information available on its preparation by the nitration of benz- 
aldehyde. Benzaldehyde was first nitrated by Bertagnini {Annakn^ 
1851, 79, 259), who used both fuming nitric acid and a mixture of 
nitric and sulphuric acids. He obtained a solid melting at 46°, 
together with an oil, and oxidised the former to a nitrobcnzoic acid 
which he did not, however, identify. Lippmann and Hawliczck 
(Bar., 1876, 9, 1463), by adding 1 volume of benzaldehyde to 
20 volumes of a mixture of 1 volume of nitric acid and 2 volumes 
of sulphuric acid, obtained a semi-solid product. After expressing 
the oil and crystallising the solid residue from alcohol, they obtained 
a pure compound melting at 58° which they pointed out was m- 
nitrobenzaldehydc and formed the main product of the reaction. 
They treated the oil with sodium bisulphite solution, extracted 
the unattached portion with ether, and distilled it in a vacuum. 
The distillate on analysis was found to have the same composition 
as a nitrobenzaldehydc, but they state that oxidation converted 
it into benzoic acid. This fact taken with its apparent non- 
reactivity with sodium bisulphite led them to suggest that the 
oil consisted of benzoyl nitrite, C 6 H 5 ’COX0 2 . Rudolph [Ber,, 
1880, 13, 310), however, employing both Bertagnini’s and Lipp- 
mann and Hawiiczek's methods of nitration, found that after 
shaking the oil with sodium bisulphite solution it yielded on 
oxidation o-nitrobenzoic acid, and expressed the opinion that 
o-nitrobenzaldehyde w as present and that this compound did not 
react with sodium bisulphite. Widman (Ber., 1880, 13, 678), 
using a nitrating mixture of five volumes of fuming nitric acid and 
ten volumes of Tsulphuric acid at a temperature not exceeding 15‘, 
obtained a yield of 70 per cent, of the theoretical amount of pure 
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m -nitrobenzaldehydc and some 30 per cent, of oil. Friedlander 
and Hcnriques (Bet., 1881, 14, 2801), nitrating with a mixture of 
slightly more than the calculated quantity of potassium nitrate 
dissolved m concentrated sulphuric acid at a temperature of 
30-35°, obtained similar results and confirmed the observation 
that the oil on oxidation yielded o-nitrobenzoic acid; moreover 
they showed, contrary to the opinion of Rudolf, that o-nitro’ 
brnzaldehyde formed a sodium bisulphite compound. Ehrlich 
[Rer., 1882, 15, 2010) added 100 grams of bcnzaldchyde to a solution 
of 110 grams of potassium nitrate in concentrated sulphuric acid 
at a temperature not exceeding 5° and claims to have obtained a 
95 per cent, yield of m-nitrobenzaldehyde. He does not, however 
state whether this was 95 per cent, of that possible or 95 per cent’ 
of the weight of benzaldehyde used; if the latter, it corresponds 
to 67 per cent, of theory. 

The statement is made in text-books (compare Cain “ Manu 
(aeture of Intermediate Products for Dyes,” 2nd ed., p.’l44) that 
20 per cent, of o-nitrobenzaldehyde is formed in the nitration of 
benzaldehyde, the rest being the m-isomeride, but there seems to 
be little published evidence in support thereof. J„ „ 0 ease has 
o-mtrobenzaldehyde or a simple derivative been isolated from the 
miration product, the only method used for identification being 
, oxidation to o-nitrobenzoic acid, a not entirely satisfactory one 
However by partial reduction of t«i hnieal »«-'nitrobenzaldehvde' 
reputed to eontam 25 per cent, of o-nitrobenzaldehyde, with sodium’ 
hyposulphite, o-aminobenzaldehydc has been isolated in the form 

it an • v . drocomix>und ’ xh 2-c 6 h 1 -ch:n.(' c h 4 -cho (d.r.-p 

.18,1(4); but again no evidence is forthcoming of the method of 
determination of the amount of o-nitrobenzaldehyde oriirinaliv 
ni n * « teCh , ni f ProduCt > aIthou ? h Oio patent claims that 

e jidd of the anhydro-atnino benzaldehyde is quantitative 
The problems which pn-sented themselves were, therefore the 
detection of o-mtrobenzaldehyde, the seareh for small quantities 
o P-mtrobenzaldehyde, and the determination of the quantities 
of the isomendes present i„ the nitration product of benzaldehyde 

w X,T; ,°"' S f hat . thl ' S ° lubilit >' of is »'»>Tic organic 
l«ds of closely related constitution frequently decreases with 

Offer a? 8 n"^ the l^hydrazones, therefore, seemed to 
®, * nas ° nable P ros l«t of separation of the o- from the m 
« fin 38 J* ^'Mrazone of the former mefe 
t . " ghc ' r than *hat of the latter and would probably tend 

TW 1 i'V’n W 'T S0,UWe fraCti ™‘- the one to isolate. 

Phenvlhvilrf" d ^ * * CaSe ’ and a cons,derabl< ‘ fi aa »titv of the 

i jdrazonc of o-mtrobenzaldehyde was obtained from the 
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oil formed in the nitration of benzaldehyde. The phenylhydrazones 
do not, however, offer a convenient method for the detection of 
small quantities of p-nitrobenzaldehyde in the mixture, as there 
is little difference between the melting points of the o- and p. 
compounds. On the other hand, p-nitrobenzaldehyde forms el 
very sparingly soluble azine of high melting point, so the mixture 
of azines obtained from the oil was fractionally crystallised, 
Although o-nitrobenzylideneazine was isolated, no evidence of the 
presence of p-nitrobenzylideneaziuo was obtained. It seems that 
tlie product of nitration of benzaldehyde consists essentially of a 
mixture of o- and m -nitrobenzaldehydcs and that if any p -nitre- 
benzaldehyde is present it is in very small amount. 


Fig. 1. 



In order to determine the amount of o-nitrohcnzaldehyde present 
in the mixture the method of thermal analysis was employed, the 
binary fusion diagram of o- and w)-nitrobenzaldchydos being 

constructed (l'ig. 1). , , . 

Time-cooling curves for pure o-mtrobenzaldehydc showed that 
this compound exists in two forms, the or unstable, form freezing 
first at .'17 0' and the or stable, form afterwards at 40 9 . ite 
phenomena observed on cooling o-nitrobcnzaldehyde arc ana ogou* 
to those displayed bv the mixture of phenol and p-toluiite 
described by Philip (T„ 1903, 83, 838), where two forms of h 
compound of these substances separate (compare also lich-.imp. 
T 1895, 67, 669, who obtained two forms of raonochloroau® 
acid). Three examples giving the thermometer readings at mu 
intervals will -indicate the behaviour of °‘ nltr ^f .fly 
cooling from 55°. (1) . . . «-T\ 40<P, 30-6°, 389°, 38-3 , 
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37-0°, 37-8°, 37 '9°, remains constant for twelve minutes, 38*1° 38 6° 
38‘6 0 , 39*3°, 40*1°, 40*3°, 40-4°, 40*5°, 40'5°, 40’5°, . (2) 

41'2°, 39*9°, 39*1°, 38*3°, 37-6°, 37*0°, 36-5% 36*6°, 37-9°. remains 
constant for eight minutes, 38*0°, 38-2° a 38*5°, 38*8°, 40*6°, 40-7° 
40*8°, 40-8°, 40'8°, 40*8°, . . . (3) . . . 39*0°, 38*5°, 38*0°’ 37-6°’ 
37-4°, 37-8°, 37-9°, 37*9°, 37*9°, 380 & , 38*3°, 38‘6°, 39*2°, 39*9°] 
40'2°, 40*4°, 40*5°, 40*6°, 407°, 40 , 8°, 40'8°, 40'8°, 40-9°, 40•9 o, 
40*9°, 409 , 40’8 , 40*8 , 40'8°. . . . Some ten cooling curves were 
taken and in every case two arrests were observed ; the first occurred 
at 37'8° or 37*9 , but the second was less regular, 40‘4° bein^ the 
minimum and 40*9° the maximum, the higher result being usually 
obtained if the arrest at the lower temperature was not too pro* 
longed. The longest arrest at the lower temperature was fifteen 
minutes and the shortest two minutes. The regularity of the 
results even when different degrees of supercooling occurred seems 
to remove all possibility that the two arrests were due to the rate 
of cooling exceeding the rate of liberation of heat during the early 
stages of crystallisation. When the material, cooled from 55 3 , 
was seeded with ordinary o-nitrobenzaldohyde at 40°, the tem- 
perature continued to fall until it was below the freezing point of 
the [3-form and then rose continuously but very slowly, no arrest 
occurring at the freezing point of the 3-form ; the final temperature 
attained, however, was never quite as high as that observed in the 
experiments described above. It seems probable that the better 
results for the freezing point of a-o-nitrobenzaldehyde obtained in 
the former experiments were due to the formation of a covering 
of the 3-form on the walls of the tube which acted as an efficient 
insulator for the portion remaining unsolidified, whereas when 
seeding is employed the u-forin crystallises very slowly throughout 
the mass of the liquid. 

The unstable 3-o-nitrobenzaldehyde can be obtained by fusing 
the aldehyde, cooling rapidly, and scratching with a platinum wire ; 
it melts in a capillary tube at 40 c as compared with 43 o : for the 
stable ^-modification. The determination of the melting point was 
carried out by melting a small quantity of the aldehyde in a capillary 
tube, care being taken to avoid the presence of nuclei of the com- 
pound in the upper part of the tube by warming the whole tube 
to about 50°; the tube was cooled and crystallisation induced by 
scratching the liquid with a fine platinum' wire. When the solid 
was formed, the tube was placed in a bath at 35 5 , and the tem- 
perature very cautiously raised, when melting took place at 40°. 

c tube was then cooled and the liquid inoculated with a very 
sma amount of the stable aldehyde and left for some time; on 
rc e ermining the melting point, it was found to have risen to 43'5°. 
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The ^-compound cannot be preserved for any length of time, 
the change to the a-form starting after a few minutes and being 
very striking when observed under the microscope. A small 
quantity of the aldehyde was melted on a slide, cooled, and scratched 
at the edge with a platinum wire, w hen crystallisation took place 
rapidly with the formation of a transparent mass of large crystals, 
radiating from the point where crystallisation started. After 
some minutes, one or two nuclei appeared in the form of small, 
opaque spots which slowly grew and coalesced until the whole 
material had become opaque. The phenomena could be reproduced 
by again melting the solid, and centres of change could be started 
by touching the unstable solid with the a-form. When a thin 
film of aldehyde was obtained by covering the liquid with a slip 
and inducing crystallisation as before, long crystals of M-nitro- 
benzaldehyde were obtained, radiating from the point of crystallis- 
ation. Under these conditions, a somewhat longer period elapsed 
before the change started (about ten minutes), but when the 
nuclei had attained some size their growth could be observed a? 
a darker area spreading through the mass. When the change was 
complete, the original pattern of the crystals remained, but over 
the whole surface there appeared smaller radiating crystals, of 
which the longer axes were at an angle to those of the original 
crystals. 

The separation of the two forms of o-nitrobenzaldehyde was 
observed on the ortho-side of the binary fusion diagram, two 
freezing points being obtained with mixtures containing up to 
30 per cent, of m-nitrobenzaldehyde. The separation of the Morm 
is indicated by the broken curve. Considerable difficulty was 
experienced in determining the freezing points of mixtures of o- 
and m-n itrobenzaldehy des containing from 20 to 60 per cent, of 
the former. There was evidence of the separation of an unstable 
form of ? 7 i -nitrobenzaldehy de, although cooling curves taken with 
the pure compound gave no indication of two arrests. Vtith 
mixtures containing in the neighbourhood of 20 per cent, of 
o-nitrobenzaldehyde, two distinct arrests in the cooling curve were 
obtained, the first being some 4° lower than the second. The lower 
arrest was more prolonged if the mixture was melted at GO 3 and 
was much less noticeable if the mixture was melted at oo° or seeded 
with solid m-nitrobenzaldehyde. In other cases, however, where 
mixtures containing more o-nitrobenzaldehyde were used, although 
there was plain indication that two arrests occurred, the temperature 
at which the first arrest took place was irregular, depending on 
slight variations in the rate of cooling, stirring, etc. ; for this reason 
the curve for the first arrest has not been plotted. An inspection 
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of the mixture containing 19 per cent, of o-nitrobenzaidehyde 
during cooling gave an indication that a change of form took place. 
A mixture was cooled from 55° ; the temperature fell to 34*5° and 
then rose to 38*3°, where it remained stationary for three minutes: 
the temperature then fell to 36'9° very slowly, when the mixture 
was removed from the jacket and examined. It was found that 
j n the translucent, crystalline magma there were floating a number 
of opaque nuclei ; the tube was replaced in the jacket and after 
two minutes there was a slow rise in temperature, followed by a 
rapid rise, the final temperature attained being 39-3° as against 
42*6°, the highest freezing point obtained for this mixture. The 
low final temperature was no doubt due to over-cooling. As 
however, the appearance of the nuclei described above is the only 
direct evidence so far obtained of the separation of a second form 
of m-nitrobcnzaldehyde, it cannot yet be stated definitely that 
such a form exists, as the irregularity of the results when more 
o-nitrobenzaldehyde is present suggests that another explanation 
might be required. 


When the amount of o-nitrobenzaldehyde was increased to 37*5 
per cent., the freezing point of the mixture proved very difficult 
to determine, and this was the ease with all the remaining freezing 
points on this side of the curve, the values obtained depending on 
the rate of cooling and the amount of supercooling : seeding did 
not prove an effective remedy. In the cases of a 43 and a 50 per 
cent, mixture, no arrest in the cooling curve was obtained until the 
eutectic point was reached, namely, 12-5’, but having solidified, 
the mixtures did not completely melt when kept for some days at 
IS'. It seemed that the difficulty was due to the very slow' rate 
of crystallisation of the w/ nitrobenzaldehyde with the possible 
complication of the separation of an unstable form of lower melting 
point. In order to determine the true freezing points it was neces- 
sary to keep the mixtures at constant temperature in a thermostat 
for six or seven days, seeding every day with a minute amount 
of Mitrobcnzaldehyde. By decreasing the temperature of the 
thermostat at the end of each week it was possible to find the 
maximum temperature at which solid separated. The values 
corresponding with 37-5, 41 5, and 50 per cent, of o-nitrobenz- 
ahlehyde were obtained in this way. The results from which the 
curve (tig. l) „ as obtained are given in Table I, the figures in 
irac ets indicating the first arrest, corresponding to the separation 
ut ^O.nitrobenzaldebyde; the first three eutectic temperatures 
re obtained m the ordinary manner, hut the true values for 
e feezing points corresiionding to them were obtained by the 
thermostat method. 
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Table I. 


o- and m -Nitrobenzaldehydes. 


Per cent, of 



Per cent, of 



y-nitrobenz- 

Freezing 

Eutectic 

o-nitrobenz- 

Freezing 

Eutectic 

aldehyde. 

point. 

temp. 

aldehvde. 

point. 

terap. 

0 

54-6® 


41-5° 

27-0° 

— 

9 

49-4 


45 

— 

12-5° 

16-7 

44-8 


50 

190 

12-5 

18 

43-0 


00 

12-4 

12 3 

19 

42-0 


70 

(18-6 6 ) 21 S 

120 

19-5 

42-3 


80 

(26-0) 29-2 


23 

40-2 


90 

(32-2) 340 


30 

34-4 


100 

(37-9) 40-9 


37*5 

29-2 

12-5° 





In the ease of the ortho-para and meta-para diagrams (Fig. 2) 
the separation of two forms of o-nitrobenzaldchyde was again 

observed and evidence of 
the separation of an 
unstable form of w-nitro- 
benzaldehyde was ob- 
tained in the cooling 
curves of mixtures con- 
taining 10 , lo, and 20 per 
cent, of p-nitrobenzalde- 
hyde ; the freezing of the 
unstable forms is indi- 
cated by the dot-and-dash 
and dash curves, respec- 
tively. 

Two examples may be 
given of the behaviour on 
cooling of mixtures of 
m- and p-nitrobenzalde- 
hydes, the temperatures 
given being taken at one- 
minute intervals. ( 1 ) Mix- 
ture containing 10 per 
cent, of para. . . . dS O w , 
0 lo ::o 4u 50 no to so t;u loo 4 ( 5 - 4 ^ 4~r2\ 44-2®, 

Per C€At. oj ii uiinJjinznld'.hyilt. 43 . 7 o’ 40 . 9 ^ 44*0^, 

44*2°, 44*4°, 44*7°, 45 0°, 45T°, 4.r2 Q , 4l»*0 c , 47*1°, 4713", 47’$, 
47-9°, 47-8°. ... (2) Mixture containing lo per cent, of para. 
. . . 42-1°, 41-5°, 41 0°, 40*4°, 39’8°, 39 : 5", 398°, 40*4°, 40 "h 
40-8°, 41*0°, 41-0°, 41 T ", 41'2 & , 41'1°, 410 ', 40 9°, 41 ‘2°, 41 2 . 
44 ’ 5 °* 43-0°, 43*6°, 43T", 43 0°, 43’3 D . . . - Similarly for mixtures 
of 0 - and p-nitrobenzaldehydts. (1) Mixture containing 10 


Fig. 2. 
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cent, of para. . . . 32*0°, 31*7°, 31*3°, 31*0°, 30 7°, 30*3°, 30*0° 
29*8°, 32*0°, 32-1°, 32-1°, 32*1°, 32*0°, 32*4°, 32-7°, 33-6°, 34*2°’ 
344°, 34-5°, 34-6°, 34*6°, 34*5°, 34 4°. ... (2) Mixture con- 
taining lo per cent, of para. . . . 29-1°, 28-9°, 28-8°, 28‘6° } 28-4°, 
282°, 28*0°, 27-9°, 27-8°, 27-6°, 27-5°, 27*3°, 27*2°, 27*1°, 27'0°! 

26*8°, 26*7°, 26-(i°, 26*4°, 26*3°, 29*2°, 29*3°, 29’3°, 29*3°! 29*6°’ 

29*7°, 29 8°, 32'0°, 32*2°, 32*4°, 32*5°, 32*6°, 32-6°, 32'5°i 32-4"! 

32*3°, 32 ‘2°. . . . In some cases, the first arrest is less 

marked or not obtained at all, and in such circumstances the final 
freezing point is somewhat higher than that obtained when there 
is a very marked arrest at the lower temperature. 

The results from which the curves in Fig. 2 were constructed 
are given in Table II, the figures in brackets corresponding to the 
first arrests due to the separation of unstable forms. 


Table II. 


Per cent, of 

Meta-para. 


Ortho 

-para. 

p-nitrobonz- 

Freezing Eutectic 

Freezing 

Eutectic 

alilnsyde. 

point. temp. 

point. 

temp. 

u 

54 -G° 

(37 9=) 
(32-1) 

40-0° 

10 

(444°) 400 

35-2 


1.1 

<-U.2) 4.3-7 

(23-3) 

320 


20 

(37-u) 414 

34-3 

32- 2 a 

25 

37-3 


38-6 

32-0 

;jo 

420 37* 2 a 


404 

32 -2 

33 

507 37-1 


53-0 


40 

57-0 





43 

— 


Gl-G 


.30 

GO 4 


702 


00 

78-3 


7S-7 


TO 

Sfi-0 


80-0 


SO 

02-7 


02 -S 


00 

0s-S 


o.yo 


100 

104-3 


104-3 



Tno nitration product of benzaldchyde was obtained as described 
in the experimental section. Two nitrations yielded products 
freezing at 42 G and 42*8", respectively. The mean of these figures, 
42 / v , corresponds on the curve to 19 per cent, of o-nitrobenz- 
aldehyde. In order to cheek the accuracy of the curve in this 
neighbourhood, fresh mixtures were made up containing 18, 19, 
and 19%) per cent, of o-nitrobenzaldehyde, which were found to 
freeze at 43'0\ 42 ti°, and 42*3", respectively. In all freezing-point 
determinations in this neighbourhood two arrests in the cooling 
rune \mc obtained; it is imperative, therefore, in order that 
le seconc i arrest shall not be missed, to prolong the cooling down 
o room temperature or, hotter, to seed with wi-nitrobenzaldohvdc 
hom time to time. 

% means of the binary fusion diagram it is possible now to 
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calculate what percentage of the nitration product is liquid at any 
temperature after an interval to ensure the conversion of the n. 
nitrobenzaldehyde into its stable form; the results for a few 
temperatures are given in Table III. 

Table III. 


Temp 40" 35° 30° 25° 20° ];? 

Liquid % 82 G3 52 45 38 34 


It would appear, therefore, that by the nitration of benzaldehyde, 
followed by expression of the liquid and crystallisation of the 
product, not much more than a 65 per cent, yield of pure w-nitro- 
benzaldehyde could be hoped for. 

Experimental. 

Purification of Materials. — A commercial sample of o-nitrobenz- 
aldehyde was purified by crystallisation from benzene and light 
petroleum until the products of two successive crystallisations had 
the same freezing point. The compound melted at 43'5° in a 
capillary tube and froze in bulk at 37*9° and 40'9°. Two samples 
of m -nitrobenzaldehyde were used, one a commercial sample, and 
the other prepared by the nitration of benzaldehyde as described 
below, followed by expression of the oil. The samples were crystal- 
lised from benzene and light petroleum, and in one case from 
alcohol, until a constant freezing point was obtained. The product 
from the commercial sample had a green colour when fused, bat 
no difference in freezing point was detected between it and the 
prepared product ; they both melted in a capillary tube at o7 5 : 
and froze in bulk at 54*6°. A commercial sample of p-nitrobenz- 
aidehyde was recrystallised from alcohol until a constant freezing 
point was obtained ; the product melted at 106’5 U in a capillary 
tube and froze in bulk at 104 3°. 

Nitration of Benzaldehyde. — The nitrating acid was prepared by 
adding 1560 c.c.. of concentrated sulphuric acid to 325 c.c. of fuming 
nitric acid ; on analysis, the mixture was found to contain H 2 S0 4 - 
83*1, HN0 3 = 13*2, HXO* = 0 2, and H,0 - 3*5 per cent". The 
nitrating acid (145 c.c.) was cooled to 0 ; in ice, and 30 grams of 
benzaldehyde were added drop by drop with vigorous shaking during 
twenty to twenty-five minutes, care being taken to avoid rise m 
temperature. When all the benzaldehyde had been added, the 
mixture retained a strong odour of that compound, but on removing 
from the ice and shaking vigorously this soon disappeared and a 
clear lemon-yellow liquid was obtained. * Under these conditions, 
very little nitrolpenzoic acid is produced. The mixture was poured 
on to crushed ice, and the mother-liquor decanted from the past} 
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solid which separated. The paste was then melted under dilute 
sodium carbonate solution, thoroughly agitated, and the carbonate 
poured off, these operations being repeated three times. The 
mixture of nitrobenzaldehydcs was finally washed with water and 
left to solidify. In all these operations care was taken to avoid 
loss of oil, which might result in change in composition of the 
mixture. The first washing with sodium carbonate was found to 
remove practically all the nitrobenzoie acid. As much water as 
possible was drained off from the solid, which was then melted 
jn a test-tube and the water which separated removed with a 
pipette. The melted product was poured int<$ a dish and further 
freed from water by means of filter-paper. Finally, it was poured 
on to a clock-glass, which was rotated as the liquid cooled in order 
to spread the solid over a large surface, and then left in an evacuated 
desiccator over concentrated sulphuric acid for three weeks. The 
product thus prepared was used for the determination of the 
freezing point of the nitration mixture. Xo allowance has been 
made for any small change in composition of the mixture owing to 
difference of solubility of the two compounds in the wash-water. 
Attempts to dry the mixture in a steam-oven demonstrated that at 
100' a portion volatilised, and decomposition also took place, the 
freezing point of the product falling with increased period of heating, 
lor the examination of the liquid product of nitration the mixture 
of nitrobenzaldehydcs was prepared as above, but, after washing, 
it w as allowed to solidify under water. The solid was pressed in a 
Buchner funnel and the oil sucked off by means of a watcr-pump. 

Examination of the Oil . — Seventeen grams of the oil obtained as 
above were dissolved in 75 c.c. of boiling alcohol and treated with 
lo grams of phenylhydrazine; after a few minutes a considerable 
precipitate appeared, which, after separation from the hot solution 
and washing with alcohol, was found to melt at loV and when 
mixed with o-nitrobenzaldehydephenylhydrazone (m. p. 153") at 
153 . One crystallisation of this from alcohol gave pure o-nitro- 
benza ldchydepheny lhy d razone . Ten grams of the oil, dissolved 
m 50 c.c. of boiling alcohol, were treated with 3 grams of 50 per 
wnt. hjdrazine hydrate solution. The azine began to separate 
ana as p-nitrobenzylidenoazine is almost insoluble in alcohol the 
solution was (iltcrcd while hot and the solid fractionally crystallised ; 
o-nit robcnzylidencazi no (in. p. 204 ; ) was isolated, but nothing of a 
l g er melting point. r lhe alcoholic solution on cooling deposited 
oreo the azine, but on fractional crystallisation no indication of 

4 mL? reseucc t ^ c high-melting p-nitrobenzvlidcneazine (in. p. 
m ) was obtained. ‘ F 

^termination of Freezing Points.— The freezing points were read 
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from the cooling curves. The apparatus employed consisted of 
a small silica test-tube, containing the mixture, jacketed with a 
cylindrical Dewar vessel fitting fairly closely. A tightly fitting 
cork in the silica tube carried a stirrer of stout platinum wire and 
a thermometer, which was of the small-bulb, Anschutz type and 
standardised. The exposed column of the thermometer was short 
and no correction has been applied. From 5 10 grams of material 
were used for each determination. 

The Ralph Foster Laboratory of Organic Chemistry, 

University College, London. [Received, November 2Sth, 1 922.] 


LXII. — Bromo-derivatives of 4-Methylglyozalinc, 

By Frank Lee Pyman and Geoffrey Millwakd Timmis. 

The bromination of 4-methyIglyoxaline (IV) has been shown 
(Pyman, T., 1910, 97, 1814) to lead to the formation of 2 : o-di- 
bromo-4-methylglyoxaline (X) together with 2(or 5)-bromo-4- 
methvlglyoxaline, in which the position of the bromine atom was 
undetermined. It is now shown that this is o-bromo-Lmethyl- 
glyoxaline (VII), since it is not identical with H-bromoA-wfthl 
glyoxaline (111) which has been prepared synthetically. The 
method employed for the synthesis was the bromination of ethyl 
4-mcthylglyoxaline-5-carboxylate (Gcrngross, Bcr., 1912, 45, 52 - 1 : 
with the formation of ethyl 2-bromo^methylglyoxaline-o^carboxyhk 
(I), hydrolysis of the ester to the corresponding add (11), and 
decarboxylation of the latter by heating with water at 150 , wntu 
2-bromo-4-methylglyoxaline was obtained. 


FtCLC-C-XIK 
* ^ 
CMcX 

ID 


CBr ■ 


HOoC'C-X H 'v p 
2 ii ^ LB r - 

CMe-X 

(ID 


CMe-X' 

(in.i 


The constitution of this base is continued by the fact dial 
it yields on nitration 2-bromo-5-nitro4methylglyoxaline (X\), 
identical with the bromination product of 5-nitro-4-methylglyoxaline 
described by Windaus [Ber. t 1909, 42, 758). 2-lkomo-l-iimthyI- 
glyoxaline is readily reduced to 4-methylglyoxaline by mean? o 
sodium sulphite, and yields 2 : 5-dibromo4-methylglyoxaiiiic o ]1 

bromination. . , 

The determination of the constitutions of 5-bromo4-metliyi- 
glyoxaline and of 1:4- and 1 : 5-dimethylglyoxalincs (Cyman, L» 
1922, 121, 2610) establishes the constitutions of the bromo- an 
dibromo-dimethylglyoxalines previously described (T., 1910, > 



495 


BROMO- DERIVATIVES OF 4-METHYLGLYOXALINE. 

1814), for the bromination of I : 4- and 1 : 5-dimethylglyoxalines 
(V and VI) gave a mixture of mono- and di-bromoglyoxalines, which 
were also obtained by the methylation of 5-bromo-4-methylgly. 
o saline and 2 : 5-dibromo-4-methylglyoxaline, and therefore must 
have the constitutions represented by the formulae VIII IX XI 
XII. ’ ’ ‘ 



Knowledge of the constitutions of these compounds, of the 
nitrodimethylglyoxalincs (Pyman, T., 1922, 121, 2016), and of the 
bromonitrodimethylglyoxalines, described in this paper, permits 
an explanation of some of their reactions based on the mutual 
influence of the substituent groups and the fact that the conjugated 
system connecting the 2- and 5-carbon atoms of the glyoxaline ring 
is similar* to the conjugated para-linking in the benzene nucleus. 

Thus, it was pointed out previously that the bromination of 1 : 4- 
and 1 : o -di met by Iglyoxa I i nes with 1 mol. of bromine under the same 
conditions led to different results, the first yielding chiefly o-bromo- 
1 : 4-di m ethy Iglyoxa line (VIII) with little 2 : 5-dibromo-l • 4- 
dimpthylglyoxalin e (XI), whilst the second gave very little 4-bromo- 
: o-diin ethy Igl voxal i no (IX), hut chiefly 2 : 4-dibromo-l : 5- 
( i rnethy Iglyoxa line (XII). This result may be explained by the 
;^ r ; or ] );u 'a- directive power of the methyl group in 4-bromo- 
: o-dimethy iglyoxa 1 ine as compared with that of the bromine 
atom in 5-broiuo-l : 4-dimethylglyoxaline. It has been found, 
However, that bromination of 5-bromo-l : 4-dimethvldvoxaline 
and 4-bromo-l : 5-dimethylgJyoxaline with 1 mol. of bromine leads 
o the corresponding uibromo-derivatives in good yield. The 
i- UftU ^‘ s ’ th er( ‘forc, only .“how that 1 ; 4-diuicthylglyoxaliiie 
l . ™ mm ‘jted more readily than its 5-bromo-derivative, whilst 
■ o- nnethylgjyaxaii^ is brominated less readily than 4-bronio- 
ue l } gljoxaline. Ihe relative directive properties of 


hvicltnir 

beiizidi aB typi* 

(Fargher an’ ] 1' 


( bis similarity is 
* which takes place 
V'nan, T. p 115, 


Oil 


Honied l»y the ronr/angeinent of the 
the reduction of 2-aryLizoclvoxalmos 
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substituents in the 4- and 5-positions arc, however, well illustrated 
by the bromination of the nitrodimethylglyoxalines. 4-Nitro. 
1 : 5-dimethylglyoxaline (XIII) readily yields 2-brotno-4‘7iifro- 
1 : 5-dimet kylglyoxalinc (XIV), the 2-position being para to the 
methyl and meta to the nitro -group, whilst no trace of 2-6romo-5. 
nitro-l : 4-di melh ijlglyoxdli ? 1 e (XVI) could be obtained by the 
bromination of 5-nitro-l : 4-dimethylglyoxaline, in which the 
2-position is para to the nitro-group and meta to the methyl group, 


NO. 


N0 2 ’C-NH 

Ml 

CMeN 
(XV.) 


CMe-NMc „ 

•C N* 

(XIII.) 

^ NO, 


CMc’NMe^ 

CH NO a -C N> CBr 

(XIV.) 


•C-NMe 

CMe-N 

(XVI. 


>CBr 


NO e>-0 3 H 

(XV IT.) 


2-Bromo-o-nitro-l : 4-dimethylglyoxaline was readily prepared k 
the methylation of 2-bromo-5-nitro-4-metliylglyoxaline (XV), 
none of the isomeric 2-bromo-4-nitro-l : 5-dimethylglyoxaline being 
isolated from the products of reaction. This result is similar to 
that obtained in the methylation of 5-nitro-4-methylglyoxaline 
(T., 1922, 121, 261(5). The bromine atom in 2-bromo-5-nitro- 
1 : 4-dimethylglyoxaline, being para to a nitro-group, is readily 
replaced by the sulphonic acid residue, for on boiling with one mol of 
aqueous sodium sulphite for three hours it gives an excellent yield of 
5-nitro - 1 ; l-dimethylglyoxaline-2-sitlphon ic add (XVII), whereas the 
isomeric 2 -bro mo -4 -nitro-l : 5-dimothylglyoxaline is much less 
readily attacked by sodium sulphite under the same conditions, for 
40 per cent, was recovered unchanged, no 4-nitro-l . j-dinjeth\I 
glyoxaline was formed, and the remainder was con\ cited into 
products which were not characterised. The behaviour of 2-browo- 
o-nitro-4-methylglyoxaline towards sodium sulphite resembles that 
of 2-hromo-4-nitro-l : 5-dimethylglyoxaliiic, and not that of 
2-bromo-5-nitro-l : 4-dimethylglyoxaline, which is the principal 
product of its methylation. This fact accords well with the riev 
of the alkylation of amidines recently expressed by one of us hi 
conjunction with Burtles (this vol., p. 363). 

The action of hot aqueous sodium sulphite on other broniu 
derivatives of 4-methylglyoxaline is described in the experiment a 
part of the paper. The results combined with those o Maine } 
one of us in collaboration with Baiaban (1., 1922, 121, 947) an 
Light (T., 1922, 121, 2626) lead to the following general conclusion* • 

(I) In the case of glyoxalines containing a free im mo -groups 
bromine atom 'in the 2-position is readily replaced by h\ r0 c 

(except in the ease of 2-bromo-5-mtro-4-methylglyoxaline), an 
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0 f two bromine atoms situated in the 4- and 5-positions with less 
readiness; a single bromine atom in the 4-position is stable to 
ihe reagent in 4-bromoglyoxaline or 4-bromo-2-methylg]y 0 xalinc, 
but is capable of replacement by hydrogen when a methyl group 
occupies the 5-position ; replacement of bromine by the sulphonic 
acid residue has been observed only in the case of 2 : 4 : 5-tribromo- 
glyoxaline, when 4-bromoglyoxaline-5-sulphonic acid is obtained. 

(2) In A T -methylglyoxalines, bromine atoms in the 2-position 
are much less readily replaced by hydrogen, for 2 : 5-dibromo- 
]: 4-dimethylglyoxaline is only slowly, and 2 : 4-dihromo-l : 5- 
dimethylglyoxaline not perceptibly, attacked by prolonged boiling 
with aqueous sodium sulphite : halogen atoms in the 2-position 
of J-methylglyoxalines readily suffer the replacement of halogen 
by the sulphonic acid residue when the 5-position is occupied by a 
group of strong positive polarity, for example, in the case of 2-bromo- 
5-nitro-l : 4-dimethylglyoxaline quoted above, and the case of 
S-chlorocaffeine (D.R.-P. 74045; compare Pyman, this vol., p. 369). 

These results may be partly explained in the light of La’pworth’s 
view (Mem. Manchester Phil. Soc., 1920, 64, ii, 8; Lapworth and 
Shoesmith, T., 1922, 121, 1394) that the mode of replacement of a 
bromine atom is influenced by its induced polarity. For instance, 
representation of the alternate polarities of 2 : 4 rS-tribromoglvox- 
aline by the formula (XVIII) corresponds with the facts (1) that the 


(XVI11.) 


Br-OXIK.^ 

Br-U-x >c :f 


Br-C'XH 
HjC'-C — X" 


CH 


i XIX. i 


and 4-brominc atoms aro readily replaced bv hvdrogen, and (2) 
that the 5-bromine atom may be replaced by the sulphonic acid 
residue, whilst- the redueibility of 5-bromo-4-methvlglvoxaline 
may be ascribed to positive polarity of the bromine atom 
induced by the methyl group. 


K X P E R I M K x T A L. 

Brominalion of Ethyl i-UcthyIylyoxalmT,-curbox V !ah.-To To 
grams of ethyl i-methylglyoxaline-o-carboxylate (den, gross, Bcr.. 
i -. 45, 524) in 10(1 e.e. of chloroform, a solution of 2’5 e.e. of 
irITT o *° C '°' ° f lhIorofor,u " as a«l«led, the solution heim> 

!tl.e‘fl'T h 1CP ' Water - ' 1V mixtllIT " as "ill. steam until 

I bromme and chloroform had been removed, and the result- 

\«Zy:T 0n " ns Coolcd ami miwl "i* 1 ' a limited quantity 
L d t0 ' ln t „o t f aqueous so<]iui11 carbonate so that it remained just 
L |; .‘- U '® ran « c ' " lu 'n 3-5 grams of ethyl 2-bromo.4-meth v l- 

a nc "' ) c arboxylate separated as a white, crystalline powder 
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melting at 152—153°. The mother-liquor was treated with a 
further quantity of sodium carbonate and deposited 4 4 grams o| 
crystalline material, melting at 175—200°, which consisted chiefly 
of unbrominated ester, and gave on repeating the above brominatfcn 
process a further quantity of 2-4 grams of the bromo-ester, melting 
at 152—153°. The total yield of this, 5'9 grams, is 52 per cent, of 
the theoretical. 

Ethyl 2-bromoA-methylglyoxaline’O-carboxylate crystallises from 
water in long, colourless needles which melt to a colourless liquid 
at 153° (corr.) (Found : C — 36*2 ; H — 3*8 ; N = ll‘S ; Br = 345. 
C 7 H 9 0 2 N 2 Br requires 0 — 30*0; H = 3*9; N = 12*0; Br — 343 
per cent.). It is soluble in about 36 parts of boiling water sivl 
275 parts of cold w*ater, very easily soluble in alcohol or chloroform, 
and easily soluble in ether. 

It is readily soluble in cold dilute mineral acids or alkalis, including 
sodium carbonate. 

Hydrolysis. — Five grams of the bromo-ester were boiled with 
75 c.c. of 20 per cent, hydrochloric acid for two hours under remix, 
and concentrated aqueous sodium carbonate was then added until 
the solution was only faintly acid to methyl-orange, when 4*0 grams 
of the bromo-aeid were obtained in a pure state, that is, 91 per cent, 
of the theoretical yield. 

2-Bromo-k’in(:thyhjlyo.v(}Une-0’Carbo.rylic (tad crystal Uses from 
glacial acetic acid in colourless, prismatic rods which melt and 
decompose at temperatures varying considerably with the con- 
ditions of heating. Placed in a bath at 220 , and heated .duwh,.! 
melts and decomposes at about 234" (corr.) (Found: 0 = 29*4; 
H = 2-5; X = 13 :); Br = 38*8. (yr^X.dlr requires 0 =29-3; 
H — 2*4 ; X = 13 7 ; Br - 39*0 per cent.). 

It is very sparingly soluble in water and sparingly soluble in th 
usual organic solvents. It is readily soluble in dilute mineral acids 
or alkalis, including sodium carbonate. 


2 - Brouw - 4 - radii ylylyoxn line. 

Two grams of 2-bromo-4-methylglyoxaline-5-carboxylic acid 

and 20 c.c. of water were heated for three and a half hours at loO- 
On cooling, the solution deposited 1*2 grams of crude .-bromo 
methylglyoxaline, melting at 118% that is, <G per cent. ^ 
theoretical yield. After rocrysta Illation from water, Un- 
formed colourless, glistening needles which incited at 124 
(corr.) (Found : 0 — 30*1 ; 11 = 3*1 ; X 17 0 , L 

C 4 H 5 X 2 Br requires 0 — 29*8; H — 3*1 ; X — 1" 4, r " 
per cent-.). * , . 

2-BromoA~inethylglyoxahnc is soluble in about 15 par s o 
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water and sparingly soluble in cold water, giving a solution faintly 
alkaline to litmus. It is very easily soluble in alcohol, fairly easily 
soluble ij i ether or chloroform, more sparingly soluble in benzene, 
and almost insoluble in light petroleum. It dissolves readily in 
dilute mineral acids or in aqueous sodium hydroxide or ammonia, 
but not in aqueous sodium carbonate. 

The picrate crystallises from water in primrose-yellow needles 
which melt at 172—173° (eorr.), and are sparingly soluble in cold 
water. 

Reduction by Sodium Sulphite.— 0*4 Gram of 2-bromo-4-mcthyl- 
glyoxalinc was boiled with a solution of 0*65 gram of hydrated 
sodium sulphite (1 mol.) in 2*6 c.c. of water for three hours under 
reflux*. On the addition of cold saturated aqueous picric acid, 
046 gram of 4-methyIglyoxaline picrate separated at once, and 
a second crop of 0*12 gram was obtained on concentration of the 
mother-liquor. Both crops melted at 160—161° (eorr.), alone or 
mixed with a specimen of the picrate prepared from 4-methyl- 
glyoxaline. The yield is thus 75 jkt cent, of the theoretical. 

Hmmnnlio.i. 0 2 Gram of 2-bronio-4-mothvlgIvoxaline was 
treated with 0*1 c.c. of bromine in chloroform solution, and after 
removal of the solvent the residue was digested with 5 c.c. of warm 
water. n-25 Cram of crude 2 : o-dibromo-4-methylglyoxalme, 
melting at 210', remained undissolved, and after crystallisation 
from ethyl acetate melted at 214-215° (eorr.), alone or mixed with 
a specimen from another source. 

Mlmiton.- To 1 gram of 2-bromo-4-methylglyoxalinc cooled with 
ice. there were added first 0*5 c.c. of concentrated nitric acid, and 
then 2 c.c. of concentrated sulphuric acid. After keeping over-night , 
the clear solution was poured into water, when 0*9 gram of 2-bromo- 
fj-nitro-4-methylglyoxaline was precipitated, that’ is, 70 per cent, 
of the theoretical yield. The crude pn uluct melted at 219°, and after 
recrystallisation from water formed glistening needles which melted 
at 220—221° (eorr.), alone or mixed with the bromination product 
of o-iutro4-methylg!yoxaline (compare p. 501). 

Coupling.— 2-Broino-4-met hylglyoxaline gives a tawny yellow 
precipitate with p-bromobenzenediazonium chloride in the presence 
o sodium carbonate, and gives a clear b rowi fish -vel low solution 
W1 h S0( ? lllm ^iazobenzene-p-sulphonate in the presence of either 
«oc mu jdroxide or carbonate. The isomeric 5-bromo-4*methyl- 
-7 ,,1U) 011 ^ ie °^ ler hand, gives with sodium diazobenzene-p- 
, ^oiiate, a deep red solution m the presence of sodium carbonate 
brownish -yellow solution in the presence of sodium hydroxide. 
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5(4 )-Bromo- and 2 : o(4)-Dibromo-derivatives of 4- Methyl - and 1 :4. 
and 1 : 5 - Dimethyl-glyoxalines . 

Volatility of the Brom odimethylglyoxalines. — The mono- and 
di-bromo-derivatives of 1 : 4- and 1 : 5-dimethylglyoxalincs can be 
distilled unchanged under 10 mm. approximately at the following 
temperatures: 5-bromo-l : 4-dimethylglyoxaline 168°; 2:5- 

dibromo-1 : 4'dimethylglyoxaline 130°; 4-bromo-l : 5-dimethyl- 
glyoxaline 160°; 2 : 4-dibromo-l : 5-dimethylglyoxaline 175°. 

Bromination of 5-Bromo- 1 : 4-dimetkylglyoxahne and 4-Bromo - 
1 : 5-dimethylglyoxaline . — 3*5 Grams of each base were dissolved 
in 17 c.c. of chloroform, mixed with a solution of 1 c.c. of bromine 
in 5 c.c. of chloroform, kept for an hour, and then worked up for 
the dibromo* derivatives by methods sufficiently indicated in the 
previous paper (T., 1910, 97, 1831). 

There were thus obtained from 5-bromo-l : 4-dimethylglyoxaline 
2*6 grams of pure 2 : 5-dibromo-l : 4-dimethylglyoxaline and from 
4-bromo-l : 5-dimethylglyoxaline 3*7 grams of pure 2 : 4- dibromo- 
1 : 5-dimethylglyoxaline. 

Reduction by Sodium Sulphite. — The bromo-compounds (3 grams) 
were boiled under reflux with hydrated sodium sulphite dissolved 
in 4 parts of water, using either 1 mol. of sulphite for three hours 
(conditions A) or 2 mols. of sulphite for six hours (conditions B). 
The methods of separating the mono- and di-bromo-derivatives were 
essentially those described previously (T., 1910, 97, 1814), whilst 
the separation of 4-methylgIyoxaline from its bromo -derivatives 
depends on its greater solubility in water and smaller solubility in 
ether, and its isolation as picrate. The results were as follows, the 
yields being expressed in percentages of the theoretical : 5-Bromo- 
4-methylgIyoxaline gave under conditions A, 82’3 per cent, un- 
changed and 14*3 per cent, of 4-methvlglyoxaline ; under conditions 
B, 45*3 percent, unchanged and 51*0 percent, of 4-methylglyoxaline. 

2 : 5-l)ibromo-4-methylglyoxaUne gave under conditions A. 
41*6 per cent, unchanged, 38*1 per cent, of 5-bromo-l -methyl- 
glyoxaline, and 12 per cent, of 4-methylglyoxaline. 

2 : 5-Dibromo-l : 4-dimethylglyoxaline was treated under con- 
ditions B except that owing to its ready volatility with steam it 
was heated with aqueous sulphite under pressure at 102°, the boiling 
point of 20 per cent, aqueous sodium sulphite, instead of being 
boiled under reflux : 90 per cent, was recovered unchanged and 4 6 
per cent, reduced to 5-bromo-l : 4-dimethylglyoxaline. 4-Bromo- 
1 : 5-dimethylglyoxaline and 2 : 4-dibromo-l : 5-dimethylglyoxalinf 
were recovered* unchanged to the extent of 98*0 and 99’3 p pl een *‘ 
respectively after treatment under conditions B. 
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The Bronwnitrodimethylglyoxaliries. 

2-Bromo-o-nitro-4-methylgIyoxaline was prepared by treating 
15 grams of 5-nitro-4-methylglyoxaline with 9 c.c. of bromine, 
cooling the mixture* in cold water. The product was crystallised 
from boiling water, when 135 grams of the pure substance were 
obtained, that is, 55 per cent, of the theoretical yield. It crys- 
tallised from water in glistening needles which melted at 220 — 22 1 0 
corr.), solidified on cooling, and on reheating melted again at the 
iame temperature, then gradually darkened and decomposed at 
about 240°. Windaus ( loc . cii.) > who also prepared the compound 
by the action of bromine on 5-nitro-4-methylglyoxaline, stated that 
it crystallised from water in fan-shaped prisms, which melted and 
decomposed at about 228°, and gave the results of satisfactory 
estimations of nitrogen and bromine. In view of the divergence of 
oar observations from those of Windaus, our product was also 
subjected to analysis, when it gave satisfactory results (Found : 
0 ^ 23*0; H = 2'3 ; N = 20’6; Br « 39*2. Calc., C = 23*3; 
H = 1*9 ; N — 20*4 ; Br = 38*8 per cent.). 

We then communicated with Professor Windaus, who kindly 
re-examined the substance and substantially confirmed our 
observations. 

2-Bromo-5*nitro-4-mcthjdgiyoxaline is soluble in about 35 
parts of hot water or 300 parts of cold water, easily soluble in 
alcohol, somewhat sparingly soluble in ether, and very sparingly 
soluble in chloroform. It is soluble in a large excess of 5X- hydro- 
chloric acid, but dissolves readily in aqueous sodium hydroxide or 
carbonate or ammonia, giving yellow solutions. 

Action of Sodium Sulphite . — Five grams dissolved in a hot solution 
of To grams of hydrated sodium sulphite in 30 c.c. of water, giving a 
yellow solution, but after boiling for six hours under reflux, 1*8 
grams were recovered unchanged, and no other organic products 
could be isolated from the mother-liquor. 

Methylafion of '2-Bromo-o-nitro-A-methyl(jlyoxaliiie . — A mixture 
of 7 5 grams of 2-bromo-5-nitro-4-methylglyoxaline and 3’5 c.c. of 
methyl sulphate was heated in boiling water. After a few minutes, 
reaction took place, the mixture becoming liquid and deep reddish- 
brown in colour, whilst some acrid gas, probably hydrogen bromide, 
was evolved. The heating was continued for half an hour, and the 
product mixed with water and excess of sodium carbonate and 
cooled, when 44 grams of slightly sticky, yellow crystals, which 
Melted at about 60°, were obtained. After one crystallisation from 
etheT, 3*7 grams of nearly pure 2-bromo-5-nitro-l : 4-dimethvl- 
glyoxaline, melting at 64 — 65°, were obtained. The aqueous 
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mother-liquor gave on extraction with chloroform 1*5 grams of a 
yellow oil, which deposited 0*2 gram of the crystalline substance 
melting at 65°, and finally gave 0*3 gram of unchanged 2-bromo- 
5-nitro-4-methylglyoxaline after neutralisation with sulphuric acid. 

2-Bromo-o-nitro-l : 4 -dmethylglyoxaline was thus obtained in a 
yield of 49 per cent, of the theoretical. It distils at 162° under 
10 mm. as a pale yellow oil, which quickly solidifies, and crystallines 
from alcohol in large, nearly colourless prisms which have a very 
pale greenish -yellow tinge and melt at 67 — 68° (corr.) (Found: 
C = 27*4; H ~ 2*7; N = 19*2; Br = 36*3. C 5 H 6 0 2 N 3 Br requires 
C — 27*3 ; H — 2*7 ; X — 19*1 ; Br — 36*4 per cent.). It is very 
sparingly soluble in water, but easily soluble in alcohol, ether, or 
chloroform. It is insoluble in cold aqueous sodium hydroxide, but 
dissolves easily in 5X -hydrochloric acid, and the solution on con- 
centration and cooling deposits the hydrochloride in colourless prisms 
which melt and decompose at 187° (corr.). 'this salt dissociates on 
treatment with water. 

Action of Sodium Sulphite . — Two gram- of 2-bromo-5-nitro- 
1 : 4-dimethylglyoxaline were boiled under reflux with a solution 
of 2*3 grams of hydrated sodium sulphite in 13*2 c.c. of boiling 
water, and passed into solution in the course of fifteen minutes. 
After boiling for three hours, the solution was cooled and mixed 
with 5 c.c. of concentrated hydrochloric acid, when 1*6 grams of the 
sulphonic acid separated, that is, 76 per cent, of the theoretical 
yield. 

o-Nitro-l ; 4 - r/i m e thyhjl yoxa lineal -sulphonic acid crystallises from 
water in colourless, diamond-shaped plates, which contain UIjO, 
and melt and decompose at 293 5 (corr.) after darkening from about 
280° [Found : in air-dried substance, loss at 120° = 4*2 ; 8 — 14 0 
(by fusion with Xa 2 0 2 ). C 5 H T 0 5 X 3 S,£H 2 0 requires 11,0 = 3*9; 
S -■= 13*9 per cent. Found : in substance dried at 120°, C = 27*0; 
H = 3*3; X = 19*0 (Kjeldahl). C 5 H 7 0 5 X 3 S requires 0 = 271; 
H = 3*2 ; X = 19*0 per cent.]. It is readily soluble in hot water, 
giving a solution strongly acid to litmus. Its solution in excess of 
sodium hydroxide (but not sodium carbonate or ammonia) rapidly 
becomes burgundy-red in colour. 

Bromination of l-Sitro-l : o-dimethylglyoxalhic . — To 2*8 grams 
of 4-nitro-l : 5-dime thylglyoxaline, partly dissolved in 2$ c.c. of 
chloroform, a solution of 1*0 c.c. of bromine in 10 c.c. of chloroform 
was added. After keeping for a few minutes, 14 c.c. of water were 
added, and the mixture was heated on the water- bath to remove 
chloroform and the excess of bromine, when a crystalline solid 
separated from the aqueous solution. This was crystallised from 
water, the earlier crops giving 2*1 grams of pure 2-bromo- 1-mtro- 
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1 : 5-dimethylglyoxaline, that is, 48 per cent, of the theoretical 
yield, whilst the mother-liquors deposited 0'65 gram of slightly 
impure 4-nitro-l : 5-dimethylglyoxaline, melting at 155°. 

2 -BromoA-nilro-l : 5-dimethylglyoxaline crystallises from water 
in microscopic needles which melt at 179 — 180° (corr.), and resolidify 
on cooling. It distils at 227°/10 mm. with slight discoloration 
(Found : C = 27*4; H = 2*7 ; N = 19*3; Br = 36*3. C s H ft OJs\Br 
requires C = 27 ‘3; II = 27; N = 191 ; Br = 36*4 per cent.). 
It dissolves in about 100 parts of boiling water and in about 1000 
parts of cold xvatcr. It is sparingly soluble in cold alcohol or ether, 
easily soluble in chloroform, and insoluble in cold aqueous sodium 
hydroxide. It is more soluble in 5A-hydrochloric acid than in 
water, but on cooling a hot solution the base separates. 

Action of Sodium Sulphite.— lo Grams was not completely 
dissolved on boiling with 175 grams of hydrated sodium sulphite in 
10 c.e, of water for six hours under reflux, and 0 0 gram was recovered 
unchanged, whilst the mother-liquors gave on concentration 0*15 
gram of glistening, colourless needles, which appeared on qualitative 
examination to be the sodium salt of a sulphonic acid. 

domination of 5-Xitro-l : 4-dimethylghjomlinc. -This experiment 
was earned out several times under the conditions emploved in 
the case of 4-nitro-l : 5-dimethylglyoxaline. On working up the 
products, 60 per cent, of the 5-nitro-l : 4-dimethylglyoxaline was 
recovered unchanged and a little bromoform was obtained, together 
with very small quantities of other compounds which ’were not 
obtained in a pure state. A careful search failed to reveal the 
presence of any 2-bromo-5-nitro-l : 4-dimethylglyoxaline. 

The authors are indebted to the Wellcome Chemical Research 
Laboratories for a part of the material employed in this investigation. 
Municipal College or Technology, 

I'xn-tRsiTV or Maxciikstei:. Jtmicc-J, lAtmry Uih, liUJ.j 


rXIII.— JVfe Formation of Quaternary Ammonium 
Salts . Part I. 

% Edward de Barry Barnett, James Wilfred Cook, and 
Ernest Percy Driscoll. 

Soi^.r”^ 113 ( Barnctt and Cook, T., 1921, 119, 
joi’ on-m 1 Barnett > Cook, and Grainger, ibid., 1922, 

obtain^ a- „ l i° en shown that salts- can often be 

irectly by the simultaneous action of pyridine and 
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bromine on certain organic compounds. Considerable interest 
attaches to the reaction not only from a purely scientific point 
of view, but also from the possible technical application of the 
products, and therefore we decided to undertake a systematic 
investigation of the conditions requisite for the direct formation 
of quaternary salts. Up to the present we have confined our- 
selves to pyridinium salts, as pyridine is readily available in large 
amounts and has proved to be particularly suited to our purpose, 
but we intend to extend our investigations to the formation of 
quaternary salts from other tertiary bases. 

Direct quaternary salt formation by treatment with pyridine 
and a halogen can take place with compounds containing a 
hydrogen atom which is readily replaceable by a halogen atom. 
Thus Ortoleva (Gazzrtta, 1900, 30, i, 509) obtained a betaine by 
treating malonic acid with iodine in pyridine solution, the form- 
ation of this compound obviously being due to the intermediate 
formation of iodomalonic acid. Somewhat similar to this type 
of reaction is the direct formation of a quaternary salt by treating 
an unsaturated compound with a halogen in pyridine solution. 
As an example of this may be cdted the formation of a betaine 
(I or II) by treating cinnamic acid with iodine and pyridine 
(Ortoleva, Gazzetta, 1899, 29, i, 503) : 

a , tpiPh’Cm-CO CHPhi-cH-CO (11 

1 ‘ } c 5 h 5 x o c 5 h 5 x-0 

The ease with which these reactions take place is remarkable when 
it is remembered with what difficulty iodine usually enters into 
addition and substitution reactions. The explanation probably 
lies in the formation of a loose compound of iodine and pyridine, 
and we hope to investigate this reaction in greater detail in the 
near future, as there seems to be considerable probability of util- 
ising it for the quantitative estimation of unsaturated groups. 
Since the “ bridge ” bond in anthracene closely resembles a double 
bond in its behaviour, the formation of 9 : 10-dihydroanthra* 
quinyldipyridinium dibromide (Barnett and Cook, loc. cit.) from 
anthracene, pyridine, and bromine is probably to be classed a 
quaternary salt formation from an unsaturated compound, but in 
t his case the reaction does not take place if iodine is substituted for 
bromine. 

The formation of pyridinium salts from unsaturated compounds 
does not seem to be confined to those in which the double bon 
lies between two carbon atoms. Thus Ortoleva (Gazzetta, 1903 , 
33, 51; Atti A\ Accad. Lined, 1903, [v], 16, i, 874) treated ben* 
aldehydephenylhydrazone with iodine in pyridine solution, an . 
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in addition to the oxidation products (III 
third substance which melted at 265—267°. This he regarded 
i pyridinopyrazole and explained its formation thus ; 
CHPhrNdSJPh 


(III.) 


CHPh:N*NPh 


i + H fi Ph 

/N 


CHPh:Nv\Ph 
NHPh-NX'Ph 


H Pb 


N HNPh 


N NPh 
H I 


a 

aa 


but it is very improbable that replacement of the hydrogen atoms 
of the pyridine ring would take place under the experimental 
conditions employed, and it is much more probable that the com- 
pound was a pyridinium salt formed by the addition of pyridine 
lnrlriodide to benzaldehydephenylliydrazone : 

NHPh«NH-CHPh-XC 5 H 5 I. 

This formula is in agreement with the analyses given by Ortoleva 
but the reaction requires further investigation. " ’ 

The last class of compounds which have been found to be capable 
of direct quaternary salt formation comprises those containing the 
quinonoid group, and the present communication deals with this 
reaction. Lp to the present we have confined our experiments 
to those compounds in which the quinonoid grouping is due to 
tiro cyclic carbonyl groups, but preliminary w ork has been carried 
out with other quinonoid derivatives and it seems probable that 
the reaction is a general one. 


Ortoleva (Gazzetta, 1901, 31, ii, 256; 1902 


' i, **4), uy Treating 

qmnol or catechol with pyridine and iodine, obtained water-soluble 
iodides. He also found that benzoquinonc and pyridine hvdriodide 
gave the same product as was obtained from quiuol, pyridine, and 
nxtae As his salts had no ketonic properties and as lie was onlv 
aUe to obtam monoacetyl derivatives, Ortoleva concluded that 
« then, the pyndinium group must be attached to an oxv<reii 
atom, and therefore lie assigned to them the formula : ‘ ° 

[llOH-CjHj-O-XfCjHJJIA] and [l]OH-C 6 H J -0-X(C 5 H i I;[2]. 

and h h Sta f lhty , ° f th ° SaIts is not in accord " itl > these formula, 
(Barnett ? irCad >' had causc to criticise them adversely 

« Id ^ C “ y U " 3S thCrcf0re d - id ^ ‘o repeat 

catioult i?h T S eX1Wr ? CntS ’ and in tllc P rc5cn t eommuni- 
rnoneou' i *| S °"“ C0l " ? ,,alVL ‘-V that the above formula arc 

W-ridinium i Ii COmPOUn t T rCa ‘ iy (Uh >' dre -\vphenyl. 

hydros vl pm ' ’ ma “' proof of tbe P reseilce of the two 
Vol/cxxuT rC ‘ S °“ the fa, t that " e havc l*ea able to pre- 

T 
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pare diacetates, in contradiction to Ortolcva’s assertion that only 
mono acetyl derivatives can be obtained. 

Since only those phenols in which there are two hydroxyl groups 
in the ortho- or para -position to one another give pyridinium 
salts when treated with pyridine and a halogen, it is reasonably 
certain that the first step in the reaction consists in oxidation to 
a quinone, so that the mechanism of the reaction is essentially 
the same whether the preparation is carried out from the dihydric 
phenol, pyridine, and a halogen, or from the quinone and pyridine 
hydrohalide. 

C.HJOH), o:C 6 il 4 :o -- C ti H 3 (0H)^{0 5 U 5 )Hlg. 

At first it seems strange that this reaction should take place at 
all when the halogen used is iodine, as a method for the quanti- 
tative estimation of quinones has been based on their reduction 
by hydriodic acid (Valour, C ompt . mid., 1890, 129, 532; Willstatter 
and Majimn, lkr., 1910, 43, 1171). The reaction between iodine 
and the dihydric phenol, however, is no doubt a reversible one, 

c 6 H 4 (OH) s -r i, «.-± o:<.',h,:o 4- --hi, 

and only takes place to an appreciable extent from left to right so 
long as the hydriodic acid is removed by conversion into pyridine 
hydriodidc, and addition of this to the quinone, but up to the present 
we have not investigated the physical chemistry of the reaction. 

In the case of quinul there is no alternative formula possible 
for the pyridinium salt (V) and the same remark applies to the 
OH X(C-H 5 )l 

f / ' N/ X(C-H-iKi' OH JlCVHjXi ' '.OH 

! • OH OH 

\/ ' 

OH iVll.j iVlU.) 

iVl.j 


corresponding bromide obtained from 1 : 4-naphthaquinonc and 
pyridine hydrolmunide (VI). In the case of catechol the salt 
may be represented by VII or V II £ and we have been unable to 
decide which of those is correct. 

At first it seemed probable that the formation of these mono- 
pyridinium salts was due to the addition of halogen acid to the 
quinone and subsequent pyridinium salt formation and enolisation. 

0 OH OH 

H 


O 



illy 


'X(C s H s )Hlg 

OH 


(Y.j 
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If this were the case, the reaction should be confined to the halogen 
acids, but Ortoleva (GazzeMa, 1903, 33, i, 164) has found that the 
corresponding nitrate is formed from benzoquinone, pyridine, and 
nitric acid, and we have confirmed his observations in this respect 
and have found that sulphuric acid acts in the same way. Indeed 
it will be shown in a future communication that the reaction can 
be applied to a large number of acids. As it is extremely im- 
probable that benzoquinone and nitric or sulphuric acid would 
form a compound by addition that would undergo quaternary salt 
formation, we have been forced to the conclusion that these salts are 
formed by the direction addition of the pyridine salt to the quinone. 

In the dihydroxyphenylpyridinium salts mentioned above the 
hydroxyl groups are still in the ortho- or para-position with refer- 
ence to one another. These compounds should therefore be cap- 
able of oxidation to the corresponding quinonepyridinium salt, 
which might then unite with a second molecule of a pyridine 
salt to produce a dihydroxy phenyldipyridinium compound. Our 
experiments have shown that this is actually the case, although 
the resulting compounds are unstable and the excessive solubility 
of the dipyridinium salts renders them almost impossible to isolate. 

The treatment of a quinone dibromide with pyridine might lead 
to several products owing to the possibility of enolisation and 
loss of hydrogen bromide taking place, with or without the simul- 
taneous formation of a quaternary salt. In the case of p-benzo- 
quinone dibromide, treatment with pyridine leads to the production 
of a compound which is almost certainly bromoquinolp}Tndiniurn 
bromide (IX), although it is exceedingly difficult to purify and all 
the samples prepared showed a slight deficiency in bromine. A 
similar reaction takes place when l : 2-naphthaquinone dibromide 
is treated with pyridine, the product being a bromodihydroxy- 
naphthalenepyridinium bromide (X or XII). 


OH 

OH 

AnW* i 

v Non - 

1 jBr { 

\/ \, 

\ jBr 

OH 

X(C 5 H-)Br 

(IX.) 

(X.) 

OH 


/X/ \ou 

im) l A /' Wr — l . 

Br 



0 



X(C 5 H 5 )Br 

(XI.} 


:o 

‘X(C 5 H 5 )Br 


(XIII.) 


If the reaction is carried out in the presence of excess of bromine, 
the corresponding quinone (XI or XIII) is obtained, and this can be 


T 2 
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reduced to the dihydroxy-compound by sulphurous acid. The 
isolation in this case of both the quinone and the dihydroxy, 
compound furnishes the necessary proof that enolisation has taken 
place during the formation of the pyridinium salt. 

A different reaction takes place if 1 : 2-naphthaquinone is sus- 
pended in pyridine and then treated with one molecular proportion 
of bromine, as under these conditions the dibromide, which pre- 
sumably is first formed, loses a molecule of hydrogen bromide and 
at the same time undergoes pyridinium salt formation, the resulting 
product being naphthaquinonepyridinium bromide (XIV or XV). 
The corresponding benzoquinonepyridinium bromide is probably 
formed when benzoquinone in pyridine solution is treated with 
bromine, but owing to its excessive solubility we have been unablo 
to isolate it. 

0 0 

/ \ '' \*n / \/ \*n 

™ (jJ-° «'■' 

N(C 5 H.)Br 

On the basis of the mechanism of the formation of pyridinium 
salts outlined above, quaternary salt formation by the action of 
pyridine and a halogen should be confined to those phenols which 
are capable of oxidation to a quinone, that is, to phenols in which 
there are two hydroxyl groups in the ortho- or para-position to 
one another. This is in agreement with experiment, as the mono* 
hydric phenols and the w-dibydric phenols such as resorcinol 
appear to undergo simple bromination when treated with bromine 
in pyridine solution. If the replacement of a hydrogen atom in 
an aromatic compound by a halogen atom is preceded by an 
additive reaction, then, since in the additive compound the halogen 
atom must be “ aliphatic ” in character, there is a possibility of 
pyridinium salt formation taking place. Such a reaction, how- 
ever, would have to compete with the tendency of the additive 
compound to lose hydrogen bromide, a tendency which is always 
great and which would be enhanced by the presence of the base. 
Consequently pyridinium salt formation is unlikely to take place, 
except possibly to a very small extent. Preliminary experiments 
which we have carried out with certain aromatic hydrocarbons 
support this view, but in the case of mesitylcnc and naphthalene 
we have obtained distinct evidence of the formation of quaternary 
salts. Up to the present, however, it has not been possible to 
obtain these in the pure state and therefore wc postpone further 
discussion of this reaction until our work is more advanced. 

Since heteronuclear quinoncs can be obtained from dihydroxv- 
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diphenyl derivatives in which the two hydroxyl groups occupy 
the two para-positions with reference to the point of union of the 
two rings, it seemed of interest to ascertain if such phenols were 
capable of undergoing direct quaternary salt formation. We 
therefore submitted diphenol (pp'-dihydroxydiphenyl) to the 
combined action of bromine and pyridine. As was to be expected, 
the first action was one of bromination, and pyridinium salt form- 
ation only took place when five molecular proportions of bromine 
were employed. Under these conditions a dark green product 
was formed which we have been unable to obtain pure, but which 
on treatment with hydrobromic acid and alcohol underwent re- 
duction to a pale yellow compound which analysis showed to be 
dibromodiphcnyldi pyridinium dibromide (XIX). Since the action 
of four molecules of bromine on diphenol in p}Tidine solution 
leads almost exclusively to tetrabromodiphenol (XVI), this tetra- 
bromo-eorupound must be regarded as being an intermediate 
product in the formation of the pyridinium salt. The action of 
the fifth molecule of bromine must, then, be to oxidise this to 
tetrabromodiphenoquinone (XVII), subsequent pyridinium salt 
formation taking place between one molecule of this and two 
molecules of pyridine. 


OH 0 ?. OIL 

Br, /X jBr Br/^Br Bi/ X .X(C s H 5 )Br Br; ' X(C 5 H 5 )Br 



Br W Br[ jBr Br[ L\(C ; H 5 )Br Bi 'x(C 5 H 5 )Br 

OH o' (i OH 

(XVI.) {XVII. ) 'XVII [.) (XIX.) 


That the halogen atoms in the halogenated quinonos are sufficiently 
reactive to undergo pyridinium salt formation has been shown by 
Ullmann and Ettisch (Z>cr., 1921, 54, [I?], 201) in the ease of di- 
(hloronaphthaquinone, and there can be no reasonable doubt but 
that the products obtained from chloroanil and pyridine are really 
pyridinium salts, although not so described by Tmbert {Compt. 
rend., 1901, 133, 102; Bull. Soc. chim ., 1898. [iii], 19, 100S. Com- 
pare also Barnett and Cook, T., 1922, 121, 1381). The green 
product referred to above may bo dibromodiphenoquinonedipyrid- 
inium dibromide (XVIII), but its colour is more in accord with 
its being of quinhydrone nature. 

It has previously been shown by two of us (Barnett and Cook, 
loc. cit.) that the pyridinium salts derived from the hydroxy- 
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anthraquinones pass easily into phenobetaines. In the case of 
the pyridinium salts derived from the dihydric phenols of the 
benzene and naphthalene series this tendency is less marked, 
although phenobetaines can usually be obtained by the action of 
ammonia. This increased difficulty in phenobetaine formation is 
probably to be attributed to the less acidic nature of the phenolic 
group in the benzene and naphthalene compounds as compared 
with similar compounds in which the hydroxyl group is directly 
attached to the anthraquinone ring system. If this is the case, 
any group which increases the acidic nature of the phenolic hydroxyl 
group should also increase the tendency to form a phenobetaine. 
In order to test this point we submitted monobromoquinol and 
2 : 5-dibromoquinol to the simultaneous action of bromine and 
pyridine. Owing to the uninviting physical properties of the 
resulting compounds we were unable to obtain them in a state of 
purity, but the crude substances certainly behaved more like 
betaines than salts. Greater success was achieved in the case of 
2 : 5-dinitroquinol, as the product obtained in this case was com- 
pletely free from bromine and was probably the nitrolbetaine 
(XX). It was easily converted into the bromide (XXI) by re- 
crystallisation from dilute hydrobromic acid, and in this way differs 
from the nitrolbetaines obtained from 3- and 4-nit roalizarin, as both 
these separate from hydrobromic acid completely free from bromine. 


(XX.) 


0 

OH 

/ x ,=x° 

{ ,xo.> 

>0 

(xxi.; 

XOj, ■— X(C S H S ) 

xoj X(C 5 H 5 )Br 

OH 

Oil 


AIL the pyridinium salts which we have studied give more or less 
intense colours on treatment with alkali hydroxides. To some 
extent the production of these colours is no doubt due to betaine 
formation, but at the same time it is probable that opening of 
the pyridine ring takes place with the formation of a derivative 
of glutaconaldehyde (Zineke, Annabn, 1904, 330, 361; 333, 
296; 1905, 338, 107 ; 341, 365: Zincko and Krollpfciffer, ibid., 
1914, 408, 285; Zineke and Weisspfenning, J. pr. Chew., 1910. 
[ii], 82, 1; 1912, fiil, 85, 207). Owing to their instability, we 
have not examined these coloured substances. 


Expkrimknta l. 

Pyridinium Salts Derived from Quinol. 

(a) Quinol pyridinium BromuU (V). To a solution of quinol 
(5*5 grams) in 10 c.c. of pyridine, cooled in a freezing mixture, 
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bromine (2*5 c.c. ; 1 mol.) in 15 c.c. of pyridine was slowly 
added, and the whole treated after an hour with excess of hydro - 
bromic acid. The resulting bromide, recrystallised from dilute 
hydrobromic acid, formed slender, yellow needles, m. p. 234 -235° 
(Ortoleva and di Stefano, loc. cil., give m. p. 230°) (Found : Br = 
28 ‘ 1 ; HjO = 6*35. C u H 10 O 2 NBr,H 2 O requires Br ~ 28 0 ; H 2 0 = 
6-29 per cent.). It is not converted into a betaine by aleoholic 
pyridine. The solutions give a deep red coloration when treated 
with ammonia, hut a betaine could not be isolated. The picrate 
was obtained by adding aqueous picric acid to a solution of the 
bromide. It crystallised from boiling water, in which it is moder- 
ately soluble, in large, orange-yellow needles which melted at 
197 — 199° (Found ; N — 12 95. requires X — 

12 90 per cent.). 

A perbromide was obtained by adding bromine water to an 
aqueous solution of the bromide. It was ton unstable to be re- 
crystallised and therefore, after thorough washing, it was dried 
in a vacuum desiccator (Found : Br - 53*3. C n H ]0 O 2 XBr 3 /H a O 
requires Br = 53'8 per cent.). When boiled with acetone, this 
perbromide is reduced to qujnnlpyridininm bromide (identified 
by the method of mixed melting points and the preparation of the 
picrate), so that perbromide formation apparently takes place 
without simultaneous oxidation to the quinone. On the other 
hand, excess of bromine is essential to the production of the per- 
bromide, as it is not obtained when quinolpyvidimum l romide is 
treated with an aqueous solution of exactly one molecule of bromine. 
It is possible that the hydrohruinie acid produced by reducing the 
perbromide group with acetone reduces the qiimone uroup. Owing 
to the impossibility of purifying {he eumpmn;<i it <oul<i not be 
further examined. 

(i) 1 :4 -Diactioxiiph nftf ppritl'i ;<i n /. Quinulpyiidinium 
iodide was prepared by Ortnleva and di Stefano ‘s method and after 
recrystallisation from water was dried at lot . Five grams of the 
anhydrous salt, 25 c.c. of pyridine, and c.c. of acetic anhydride 
were heated together on the water-bath for an hour. After cooling, 
the crystalline precipitate was collected, waslad with a little 
pyridine, and reerystallised from boiling acetic anhydride. After 
drying in a vacuum desiccator for several days over concentrated 
sulphuric acid and solid potassium hydroxide, the product 
was analysed, the acetyl groups being i sibilated by distillation 
with bcnzcnesulphonic acid (Found: 1 31 -5: (TlyCO 22*7. 
pis^uO^I requires 1 31 \S : (MLd’O 21-5 per cent.). This 
iodide forms small, yellow crystals which darken at UKV and melt to 
a red liquid at 177— 183b It is verv *.!uhie. even in cold water. 
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(c) Quinolpyridinium Nitrate.- — The directions given by Ortoleva 
(Gazzetta, 1903, 33, i, 164) for preparing this compound by adding 
dilute nitric acid to a suspension of benzoquinone in pyridine 
invariably lead to resinous products, but it was easily obtained 
bv adding 20 grams of pyridine nitrate, suspended in 40 c.c. of 
pyridine, to 11 grams of benzoquinone in 25 c.c. of pyridine. Con- 
sidcrable heat was evolved. After heating on the water-bath for 
thirty minutes, the solution was cooled and the pink precipitate 
collected, washed with pyridine, and recrystallised twice from 
water, when it melted at 214—216° and agreed with the description 
of the nitrate given by Ortoleva. Its picratc was prepared and 
identified as quinolpyridinium picrate by the method of mixed 
melting points. 

(d) Quinolpyridinium Sulphate.— Benzoquinone (5*5 grams) was 
added to a cold solution of 3 c.c. of concentrated sulphuric acid in 
30 c.c. of pyridine, and the whole heated on the w*ater-bath for an 
hour. The resulting sulphate, after recrystallisation first from 
aqueous alcohol and then from water, formed yellow plates easily 
soluble in water but only sparingly soluble in alcohol (Found: 
S = 6*00, 6*05. C 22 H 20 O 8 N 2 S,2H 2 O requires S = 6*30 per cent.). 
The water of crystallisation is very firmly held and is not com- 
pletely lost at 145°. When an aqueous solution of the sulphate 
is treated with hydrobromic acid, the less soluble bromide, identified 
by the method of mixed melting points, is precipitated. 

(c) 2-Brom oq u i oZ-3 ‘pyrid inium Bromide . — A solution of benzo- 
quinone (5*5 grams) in 50 c.c. of chloroform was cooled in a freezing 
mixture and treated slowly with 2*5 c.c. (1 mol.) of bromine. 
After keeping in the freezing mixture for an hour, the whole of the 
bromine had been taken up with the formation of the quinone 
dibromide. Pyridine (6 c.c.) was then added, and after keeping 
for a short time in the freezing mixture the whole was allowed 
to come to the ordinary temperature and the precipitate washed 
with chloroform and ether. After repeated rccrystallisation from 
dilute hydrobromic acid this bromide formed straw-eolouied 
needles which were easily soluble in water and alcohol and molted 
and decomposed at 270—272°. Its solutions give a red coloration 
on the addition of ammonia or alkali hydroxide (hound : Br - ^ '• 
CnH 9 0 2 XBr 2 requires Br = 461 per cent.). The low value found 
for bromine was probably due to the presence of a little quinoi 
pyridinium bromide. 

1) i n liroq u inol pyrid i n ium Salts. 

(a) 2 : 5-Dimtroquinolpyriflinium Bromide (XXI),— Bromine (- ' 
c.c.) in pyridine (15 c.c.) was slowly added to 2 : 5-dinitioqumo 
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(9*5 grams), suspended in 40 c.c. of pyridine, the whole being 
cooled in a freezing mixture. A violent reaction took place. After 
keeping in the freezing mixture for two hours and then overmight 
at the ordinary temperature, the solid was recrystallised several 
times from dilute hydrobromie acid and then washed with pyridine. 
This bromide formed large, yellowish-brown needles which are 
insoluble in alcohol, ether, and most organic media, and only 
sparingly soluble in hydrobromie acid. It is converted into the 
betaine by water, and when heated decomposes without melting 
(Found : N = 11*5 ; Br ^ 22*2. C n H 8 0 6 N 3 Br requires K = 11-7; 
Br =* 22*3 per cent.). 


(b) 2 : ^Dinitroquinolpyridinium Chloride,— A mixture of 20 
grams of dinitroquinol, dissolved in 150 c.c. of alcohol, and 25 c.c. 
of pyridine * was treated in the cold with 25 grams of finely powdered 
iodine, and after keeping at the ordinary temperature for tw ? o 
days was heated on the water-bath for one and a half hours. The 
dark-coloured precipitate was well washed with alcohol and re* 
crystallised from dilute hydrochloric acid. After boiling with 
acetone, it was again reerystalliscd from hydrochloric acid and then 
formed long, bright yellow needles which commenced to decompose 
at about 180° and melted with profound decomposition at 205° 
(lound . Cl = 11 6. CjjHgOgXjCl requires Cl — 11*3 per cent.). 

(c) Di nitroqu i n olpyridi ni u m Sitrolbetaine (XX).— Three grams of 
dinitroquinolpyridinium bromide were twice boiled with *500 c.c. 
of water, and the dark-coloured solid was extracted with alcohol 
containing a little pyridine. Owing to its insolubility, the betaine 
could not bo recrystallised and therefore was analysed after thorough 
washing with alcohol and ether. It contained no bromine (Found : 
X = 14*5. C'nH-OgXg requires X = 15*1 per cent.). This betaine 
does not melt and is somewhat explosive. It is insoluble in all 
media, but dissolves in dilute acids to form salts. The bromide 
prepared in this way was identified as dinitroquinolpyridinium 
bromide by anatysis and by direct comparison with a sample 
prepared in a different way (Found : Br — 22 3. Calc., Br = 22*3 
per cent.). It is also soluble in ammonia and the alkali hydroxides, 
Hie solutions being deep purple in colour. 

ff the betaine (3 grams) is suspended in pyridine (25 c.c.) and 
the whole heated on the water-bath with acetic anhydride (10 c.c.), 
a light orange, cr3*$talline powder is obtained. This was insoluble 
m all media except a mixture of glacial acetic acid and acetic 
anhydride and would not crystallise from this solvent. We were 

erefore unable to purify it, but its colour and an acetyl cstim- 


* bnglit uidiigv'-rcil <ry.»lals of a |>\riilii; 
separated, hut were not further OAtimmJd. 


iiihiii i\ o comj’uiuul at once 
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ation, performed on the crude substance, pointed to its being a 
monoacetate of dinitroquinolpyridiiiium acetate (Found : C 2 H 3 0 = 
19‘5. C 15 H 13 0 9 N 3 requires C 2 H 3 0 = 227 per cent.). The same 
compound appears to be formed when the chloride is heated on 
the water-bath with pyridine and acetic anhydride, but in this 
case it is exceedingly difficult to obtain a product which is com- 
pletely free from chlorine (Found : C 2 II 3 0 = 23 ’1 per cent.). 
The compound slowly develops a purple colour when its aqueous 
suspensions arc treated with ammonia. 

An attempt was also made to prepare the acetate by boiling 
the chloride with acetic anhydride. This was not successful, as 
decomposition with evolution of nitrogen peroxide took place. 

Pyridinhm Salts Derived from Catechol. 

(а) Cakcholpyridininm Bromide 1 (VII or Ylli). — Bromine {25 
c.c. ; 1 mol.) in pyridine (15 c.c.) was slowly added to catcehol 
(5\> grams) in 10 c.c. of pyridine, the whole being cooled in a freezing 
mixture. Absolute alcohol (20 c.c.) was then added and the solid 
collected after the whole had been kept in a freezing mixture for 
half an hour. After washing with alcohol, it was rccrystallised 
from dilute hydrobromie acid and then formed long, colourless 
needles which melted at 207 2bS~ (Found ; Br — 297. C llt H 10 O 2 XBr 
requires Br — 29‘S per cent.). 

The pic rate was obtained by adding aqueous picric acid to a 
solution of the bromide. After recrystallisation from boiling 
water, it formed silky, lemon-yellow needles which melted at 
202 — 203 2 (Found: X -= 13*3. C 17 lli 2 0 9 N 4 requires N — 134 
per cent.). 

(б) 1 : 2 -Diacc loxyphe nylpyrid in lu m Iodide . — Cateeholpyridiniuai 
iodide (2*5 grams), prepared by Ortolevas method, was heated on 
the water-bath with 10 c.c*. of pyridine and 5 c.c. of acetic an- 
hydride. The iodide first dissolved and then crystals began to 
separate. After beating fur an hour, the whole was cooled and 
the precipitate recry stalliscd from acetic anhydride. The purified 
product was dried for sc vein I days in a vacuum desiccator over 
concentrated sulphuric acid and solid potassium hydroxide and 
then formed pale yellow leaikts sintering at 190 9 and melting to 
a red liquid at 201— 2u4" (Found: 1~3H»; C 2 H 3 0 — 21‘4. 
C 15 H 14 (ya requires J - 3H>: C.,H 3 0 — 21*5 per cent.). 

(c) Catecholpyridifi hnn lie faitu . — Catccliolpyridinium bromide, 
dissolved in liot water, was treated with ammonia. On cooling 
the dark-coloured solution, yellow needles separated which were 
free from bromine. .After leery. stallisation from water, this betaine 
formed silky, orange needles which decompose without melting 
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afc about 130—140° (Found: 0 = 59*0; H = 6*15; N = 67. 
CnHgOgN^HgO requires C = 59*2 ; H — 5*83 ; N = 6*3 per cent.)* 
On drying in R vacuum desiccator, the colour changes to dark 
red but reverts to orange almost immediately on exposure to the 
atmosphere. The aqueous solutions are red and become darker 
on. addition of an alkali. 

pyridinium Salts Derived from 1 : 2- and 1 : 4 -N aphthaquinone . 

(a) 1 : 2 ■ Napkthaquinone-3(or 4 )-pyridinium Bromide (XIV or 
XV), — Bromine (5 c.c.) was slowly added to a solution of 16 grams 
of 1 : 2-naphthaquinone in 100 c.c. of pyridine, the whole being 
cooled in a freezing mixture. After keeping over-night at the 
ordinary temperature, the resulting solution was again cooled in 
a freezing mixture and the solid washed with pyridine and ether. 
After being recrystal iised four times from a mixture of methyl 
alcohol and ether, this bromide formed small, orange-brown needles 
sintering at 195° and melting and decomposing at 201° (Found : 
Br = 23*8. C 15 H 10 O 2 XBr,H 2 O requires Br — 23*. ; J per cent.). It 
is very soluble in water and easily soluble in methyl or ethyl alcohol. 
Its solutions liberate iodine from hydriodic acid and give an intense 
purple colour when treated with an alkali hydroxide. On acidifying 
these purple solutions, the colour is discharged and a red, gelatinous 
precipitate formed. It is easily reduced by sulphurous acid and 
then apparently forms a dihydroxynaphtlialenepyridiiiium salt, 
but the reduction is very difficult to control. 

(b) 3 (or 4 yBromo -1:2- naphthoquinone - 4(or 3} - pyridinium 
Bromide (XI or Xlll). — Bromine (5 c.c. ; 2 mols.) was slowly 
added to a solution of 8 grams of 1 : 2-naphthaquinone in 100 c.c. 
of chloroform. After keeping for half an hour, 8 c.c. of pyridine 
were added and the whole was kept for a further period of two 
hours. The solid was washed with chloroform and ether and then 
boiled under reflux with acetone in order to destroy any perbromide 
present. The crude product thus obtained was recrystallised first 
from dilute hydrobromic acid, then from a mixture of alcohol and 
ether, and finally from absolute alcohol (Found : C 46*4, 46*5; 
H — 3*50, 3*38; Br = 36*3. C 15 H 9 0 2 XBr 2 ,C 2 H 6 0 requires C — 
16*3; H = 3*40; Br =■= 36*3 per cent.). 

If purified by recrystallisation from dilute hydrobromic acid 
instead of from alcohol, it separates as an orange, crystalline powder 
which becomes dark red on drying in a vacuum desiccator, but 
reverts to its former orange colour on exposure to the atmosphere 
(Found : Br ~ 40*1. C 15 H 9 O a XBr 2 requires Br = 40*5 per cent.). 

This bromide forms orange needles which are easily soluble in 
water. On heating, it sinters at 241° and melts and decomposes 

T* 2 
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at 244°. The aqueous solutions give a purple coloration on the 
addition of an alkali hydroxide, and on acidifying the purple 
solution a purple precipitate is formed. It liberates iodine from 
hydriodic acid and is reduced by sulphurous acid to the dihydroxy, 
compound. The reduced solution was treated with picric acid 
and the resulting picrate identified as bromodi hydroxy naphthalene- 
pyridinium picrate by the method of mixed melting points. 

(c) 3(or 4)-BTomo-\ : 2-dikydroxynaphthahne-4(or 3) -pyridinium 
Bromide (X or XII). — Bromine (2*5 c.c. ; 1 mol.) was added to 
8 grams of 1 : 2-naphthaquinone in 100 c.c. of ice-cold chloro- 
form. The formation of the naphthaquinone dibromide seemed to 
be complete after forty minutes, and 4 c.c. of pyridine were then 
added slowly to the well-cooled solution. The mixture having 
been kept for an hour, the resulting bromide was washed with 
chloroform and after being rccrystallised twice from dilute hydro- 
bromic acid and twice from a mixture of alcohol and ether formed 
yellowish -brown needles, which are sparingly soluble in cold water 
or alcohol (Found : Br — 40*2. C 15 H n 0 2 XBr 2 requires Br = 40*3 
per cent.). When boiled with w 7 ater, it decomposes into resinous 
substances, but the decomposition takes place much less easily 
on boiling with dilute acids. The aqueous solutions give a reddish- 
brown coloration when treated with an alkali hydroxide, and this 
colour is almost completely discharged on acidifying. On heating, 
the bromide sinters at 210° and melts at 217 — 220°. 

The picrate was obtained by adding picric acid to a hot solution 
of the bromide in dilute hydrobromic acid. It is very sparingly 
soluble, but can be recrystallised from very dilute hydrochloric 
acid, and then forms a lemon-yellow, crystalline powder which 
melts at 197 — 200° (Found : X — 10*1. C 2 »H,oOoX,Br requires 
N = 10*3 per cent.). 

{ d ) 1 : 4:-Dihydroxynaphthalene-3-pijridinium Bromide (VI). — 
Three grams of 1 : 4-naphthaquinonc, 5 grams of pyridine hydro- 
bromide, and 10 c.c. of pyridine were heated together on the water- 
bath for three and a half hours. The dark-coloured precipitate, 
having been washed with absolute alcohol to remove resinous 
matter, was recrystallised from a mixture of methyl alcohol and 
ether and finally from dilute hydrcbromic acid. This bromide 
forms long, brown needles which melt and decompose at 211—210' 
(Found : Br = 24 0. C 15 U 22 0 2 XBr,H 2 () requires Br — 23 8 per 
cent.). It is sparingly soluble in cold water or cold alcohol, the 
aqueous solution developing a deep purple coloration on the 
addition of an alkali hydroxide. 

Experiments .were also made with a view to obtain pyridinuiffi 
compounds by the action of bromine on a solution of 1 : 4-naphtha- 
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quinone in pyridine, and by the action of pyridine on a chloroform 
solution of 1 : 4-naphthaquinonc dibromide. In both cases, pro- 
ducts were obtained which contained bromine and nitrogen, but 
owing to their insolubility it was not found possible to purify 
them. They were probably betaines, for they became much paler 
in colour on treatment with acids, but as they remained insoluble 
it seems likely that they were of complex nature. 

Action of Pyridine and Bromine on 4 : 4' -D iky dr ox yd iphen ;// . 

(a) Tdrabrom od iphenol . — Bromine (2T c.c. ; 4 mols.) was slowly 
added to a well-cooled solution of 2 grams of diphenol in 15 c.c. 
of pyridine. After keeping over-night, the greenish-black solid 
was washed with pyridine and ether and then boiled with 
alcohol containing hydrobromic acid. This treatment discharged 
the colour, and almost colourless crystals were obtained from the 
solution by diluting with water and then cooling. These were 
identified as tetrabromodiphcnol by the method of mixed melting 
points. 

(b) 3 : X-Dibromo-4 : 4 f -dih yd roxyd iphenyl - 5 : 5 ‘•dipyridinium Di- 
bromide (XIX). — Two grams of diphcnol in 15 c.c. of pyridine 
were treated as described above with 2 5 c.c. of bromine (5 mols.) 
in 25 c.c. of pyridine. The green product, on boiling with alcohol 
containing hydrobromic acid, dissolved to an almost colourless 
solution, and at the same time a penetrating smell of brominated 
alcohol derivatives was produced. A sample of the alcoholic 
solution gave no tetrabromodiphcnol on dilution with water. 
On cooling, an orange-yellow substance crystallised out. This 
was reerystalliscd first from hydrobromic acid, then from absolute 
alcohol, and finally again from hydrobromic acid, and then formed 
straw-coloured needles which melt and decompose at 325 ^ (Found : 
X = 4T1 j Br = 481. C, 2 H 16 0, 2 X 2 Br 4 requires X — 4*24; Br = 
48 - 3 per cent.). It is very sparingly soluble in cold water or cold 
alcohol, more readily soluble when hot. The aqueous solutions 
hecome bright orange-red on the addition of ammonia or an alkali 
hydroxide. 

Summary. 

1. It has been shown that the product* obtained from quinol 
and catechol by treating them with pyridine and a halogen, and 
hy the action of pyridine salts on p-benzoquinouc, are dihydroxy - 
phenylpyridiniuni salts. 

2. The formation of phenohetaincs from these compounds and 
from similar salts from dinitroquinol has been studied. 

3. The reaction has been extended to the naphthalene series 
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and in the case of 1 : 2 -napht haquinone both the bromodihydroxy. 
naphthalenepyridinium bromide and the corresponding bromo- 
naphthaquinonepyridinium bromide have been isolated. 

4. It has been shown that diphenol is also capable of direct 
pyridinium salt formation by treatment with bromine in the presence 
of pyridine. 

In conclusion, the authors desire to express their thanks to the 
South Metropolitan Gas Co. for gifts of pyridine, and to the Research 
Fund Committee of the Chemical Society for a grant which has 
defrayed some of the expenses of this research . 

Department or Organic Chemistry, 

Sir John Cass Technical Institute, 

Jewry Street, Ai.dgate, London, E.O. 3. 

IRcceical, December 29/A, 1922.] 


LXIV . — The Constitution of Polysaccharides . Part VI, 
The Molecular Structure of Cotton ('('lluhsr* 

By James Colqviioun Irvine and Edmund Langley Hirst. 

It will be generally admitted that a complete study of cellulose 
must include, in addition to purely chemical inquiries, physical 
investigations on the mechanism whereby discrete particles arc 
arranged to form organised structures possessing the properties of 
fibres. Nevertheless there are good reasons for claiming that 
cellulose is based on a molecular unit, although most chemists 
will agree that the identification of this unit represents the solution 
of only one of a series of complicated problems. 

Constitutional studies of this type are beset with unusual experi- 
mental difficulties and speculation is hazardous, but many of the 
investigators who have been attracted to this field have proposed 
structural formulae with a confidence which the experimental 
evidence and the present state of knowledge regarding the simple 
sugars do not justify. As a result, the extensive literature on the 
constitution of cellulose contains many conflicting statements and 
suggestions which make for confusion rather than enlightenment. 
Accordingly it is not proposed at this stage to review in detail the 
earlier publications on the subject. 

A series of investigations on the molecular constitution of oellu- 

* As the title of this communication implies, the results now submitted 
were obtained with cotton cellulose. It has thus been considered unnecessary 
to specify throughout the text tin? particular form of the polysaccharide to 
which tho paper refers. 
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lose was commenced in this laboratory twelve years ago, the work 
being based on the idea that the structure of compounds related 
to the sugars may be solved by the inethylation method devised 
by one of us. The main inquiry was supplemented by cognate 
researches designed to provide the methylated sugars which would 
serve as the reference compounds necessary for the interpretation 
of the results. The information obtained in the course of these 
related researches is focussed in the evidence now submitted, and 
leads to a constitutional formula which expresses the molecular 
unit of cellulose in the simplest possible terms. 

Two well-established reactions form the basis of the argument : 

(1) cellulose (OgH^O.),, on complete hydrolysis, is converted 
quantitatively into glucose, 

(2) the graded hydrolysis undergone by cHhilnse during £ ' aecto- 
Ivsis ” may be a nested n! a stage where tin* disiechuride cello* 
biose is a definite product. 

The first of these considerat ions has been upheld for many years, 
but the evidence generally pul forward in support oj the view that 
cellulose is composed entirely of glucose residues decs not carry 
conviction to workers in tin* sugar group. \\e have, however, 
shown recently (Irvine and Soutar. T.. lit’d, 117. M*9; Trvine 
and Hirst. T./lft^, 121, LVO) that tie* trail hamadon of cellulose 
into pure crystalline mothyJgiucosibe enn bo cuceled in yields 
which are at least 0u per cent. <2 the ;b ■ -Mi-ai amount, and may 
| JC regarded as quantitative, i o- n -"it has bool confirmed by 
an independent method {.Mmuor-V do a.. . !., I'd- 1, 1-9. St)d) and 
it may ho concluded tnal the uhhoat* bwlro]\ • i> of eellulo.^e 
proceeds according to the equation 

{(',.11 A\j) —> .(' , ,d ; ; 2) f .mlm-osc). 

Intermediate steps in the above n am* m ar«- unknown beyond the 
fact that, under special condition*;. < . -ih »1 *.-<* \< a penultimate 
product. It is evident, therefore, d at hyuroivM.'. gives no elue 
to the molecular magnitude of ike <v]iu!'i.-e unit or to the inner 
constitution. The hydroxyl groups invoivul in the union of the 
glucose residues and the nature of the ini.-rnal oxygen ring or rings 
present in each hexose component are lilieuM* unknown. These 
factors, the absence of wi.ieh aee..unt< h-r much confusion in 
cellulose formuke, have now been -upple-1 by -nhsti'.ming niethoxvl 
groups for all the hydroxyl groups in eeliahoo and thereafter sub- 
jecting the alkylated polysaeeSiaride to :iyd;oiy-i>. 

The metliylation of cellulose was lir.-t undertaken by Denham 
andlVoodhou.se (T., 1913, 103, i 732 and sa!> eq;mnt papers b and 
as the solubilities prohibited the t:>r of die diver oxide reaetion, 
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the alkylation was effected by means of methyl sulphate and 
sodium hydroxide. Although alkylation proved to be difficult, the 
reaction proceeded normally and ultimately a methylated cellulose 
containing 25 per cent, of methoxyl was produced. The alkyloxy. 
groups survived the action of all ordinary reagents including the 
highly concentrated hydrochloric acid whicli was used to hydrolyse 
the compound. One of the products then obtained was a crystalline 
trimethyl glucose, and the result has a double importance in being 
the first preparation of a methylated sugar by the methyl sulphate 
reaction and in furnishing a sugar which, next to crystalline tetra- 
methyl glucose, is the most important reference compound so fa r 
known in this type of inquiry. The study of this particular tri- 
methyl glucose was immediately undertaken and, in the course of 
a laborious research, Denham and Woodhousc (T., 1917, 111, 244) 
obtained experimental evidence pointing to the structure shown 
in Formula I. This constitution was subsequently supported by 
Haworth and Leitch (T., 191 B, 113, 1S8) and confirmed by Irvine 
and Hirst (T., 1922, 121, 1213). 


(I.) 


,-CHOH 
^ CH-OMe 
I CH-OMe 
-CH 
CH-OH 
CH 2 *OMe 


-<pi 0 B 

5 CH-OH 
| CH-OH 

-CH 

CH — -0- — C 

6h 2 -oh 


(ll.) 


The formation of 2:3: 6-trimethyl glucose from cellulose shows 
that positions 1 and 5 of a glucose residue must have been protected 
from methylation. It follows, therefore, that cellulose is a deriv- 
ative of glucose in which positions 1 and 5 arc substituted by one 
or more anhydro-glucose residues. Beyond this, the experimental 
evidence hitherto available docs not go, and the limitation is 
expressed in Formula II, which represents the molecular unit of 
the polysaccharide as composed of three sections, A, B, and C. As 
some misconception seems to have arisen on this point, it i; 
necessary to recall that the methylated cellulose employed by 
Denham when he discovered trimethyl glucose contained only 
25 per cent, of methoxyl, a value which is considerably lower than 
that required for a dimethyl derivative (32T» per cent.). As a 
necessary consequence, the product of hydrolysis was a complex 
mixture, of which 2:3: 6-trimethyl glucose was only one of many 
components. Of the three sections, A, B, and C, into which the 
cellulose molecqle has now been mapped, A alone ha* been fully 
explored. The only claim which could be made regarding B and 0 
was that they must consist of anhydro-glucose residues. B and C 
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might he constituted in any manner or be related to any of the 
isomeric forms of glucose. They might be uniform with each 
other and with A, or all might be different. Obviously, a decisive 
answer to the issues thus raised could be obtained only by carrying 
out the mcthylation of cellulose to the maximum extent, and by 
identifying each of the methylated sugars thereafter formed on 
hydrolysis. 

Researches were undertaken to complete the work on these 
lines, but the war intervened, so that the evidence required to 
formulate sections B and C of the cellulose molecule is available 
now for the first time. Meanwhile, however, others have not 
refrained from utilising the incomplete results or from propounding 
formulae for cellulose based directly on Denham’s earlier work. 
This will be referred to later. 

At the request of, and in consultation with, Dr. Denham, we 
have repeated and extended his experiments, and find that the 
progressive methylation of cotton cellulose is facilitated, not so 
much by the use of large excesses of the methylating agents as by 
frequent repetition of the treatments with the alkylating mixture. 
As described in the experimental part, when the process of methyl- 
ation followed by isolation of the product is repeated fourteen 
times, the methoxyl content increases to the observed maximum 
of 43'8 per cent. This is slightly less than the highest value found 
by Denham (44*0 per cent., T., 1021, 119, 77) and is in satisfactory 
agreement with the value required for a triinethvl cellulose (OMe = 
45m per cent.). No further increase in the methoxyl content was 
obtained on continuing the methylation twenty times. It is thus 
clear that the experimental procedure did not involve oxidation 
or the hydrolytic cleavage of the polysaccharide, and the result 
confirms the view that on an average there are three hydroxyl 
groups for every six carbon atoms present in the molecule. 

Trimethyl cellulose is a white solid which retains the micro- 
scopic appearance of the original cotton mid is remarkably insoluble 
in organic solvents. The physical condition of the compound 
varies greatly according to the method of drying, the substance 
becoming horny and semi-vitreous when heated in the moist 
condition at 100°. When dehydration is effected by successive 
immersion in alcohol and ether, followed by prolonged drying in 
a vacuum oven at a low temperature, the compound can be disin- 
tegrated to a white solid resembling starch in appearance. 

On previous occasions, the hydrolysis of the partly methylated 
celluloses then available was carried out by the agency of highly 
concentrated hydrochloric acid, but the method was inapplicable 
in the present instance, as quantitative results were desired. 
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Resource was therefore had to heating with methyl alcohol con- 
taining hydrogen chloride — a process which effects hydrolysis and 
condensation of the products with the solvent. In the examin. 
ation of the methylated glucosides thus produced, a number of 
considerations had to be kept in view. It will be evident that in 
the event of the fragments of the cellulose molecule indexed as A 
B, and C proving to be identical, a trimcthyl cellulose could yield 
no sugar other than 2:3: 6- trimethyl glucose. But although 
B and C may resemble A in being derived from the butylene-oxide 
form of glucose, they may differ in the position of the hydroxyl 
groups through which they are mutually linked. In such a case 
a mixture of isomeric trimethyl glucoses would he formed. The 
number of isomeric sugars would he further increased if the 
fragments B and C belong to the y-scrics,* and the final possibility 
remains that the distribution of the hydroxyl groups between the 
sugar residues in cellulose may not be uniform. In other words 
the frequently- quoted statement that cellulose contains three 
hydroxyl groups per C 6 unit has a limited significance and may 
involve nothing more than that this is an average value, some 
glucose residues having more than three such groups, and others 
less. Taking all these possibilities into account, the hydrolysis of tri- 
methyl cellulose might proceed in any one of the four ways indicated 
below’ : 


Trimethyl 

cellulose 


Xo. of possible 
forms, including 
y-isoinoridrs. 



One variety of trimethyl glucose 

A mixture of isomeric trimcthyl glucoses 
of the butylene -oxide t \ pc 

A mixture of isomeric triuiethyl glucoses 
including y -forms 


4 

20 


jTctmmethyl glucose r tools. 

- Trimcthyl glucoses // moK 2o 

! Dimethyl glucose... r mols. 24 


Excluding x- and 2-isomerides, the largest number of possible 
sugars which might he encountered is forty-nine and the experi- 
mental treatment was designed to separate these products if present. 
Contrary to expectation, the result actually obtained was the 
simplest of all the possibilities discussed. In the reaction noiv 
under consideration (which yields the mothylglucosides corre- 
sponding to the hydrolysis sugars), the produet was identified as 
the equilibrium mixture of y- and £-2 : 3 : 6-trimcthyl methyl- 

* The expression y- - f rirs is usi d her,- to designate all forms of glucose 
in which the internal oxygen ring is not of tlm butylene -oxide type. 
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elucosides. When hydrolysed in the usual manner, the glucoside 
gave crystalline trimethyl glucose alone. jTAe main product was 
uniform. No isomerides were present : teirameihyl glucose, mono- 
methyl glucose, glucose , and y-sugars were definitely absent . As was 
to be expected, a small quantity of dimethyl methylglucosidc was 
isolated from residues, hut the amount of this impurity corre- 
sponded exactly with the margin of deficiency {2 C per cent.) in 
the methoxyl content of the methylated cellulose used. The 
result is important and simplifies enormously the problem of the 
molecular structure of cellulose, particularly when the yields 
obtained at the different stages are taken into account. 

Stage I. Methylation of cellulose to dimethyl cellulose, 91 per 

cent. 

Stage II. Methylation of dimethyl cellulose to trimethyl cellu- 
lose, 77 per cent, • 

Stage III. Conversion of trimethyl cellulose into trimethyl 
methylglucosidc (distilled), 91 '5 per cent. 

Stage IV. Conversion of trimethyl methylglucoside into 2:3: 6- 
frimethyl glucose (crystalline), 80 per cent. 

In the above table, the yields are quoted in percentages of the 
theoretical amount and refer to analytically pure products. Stages 
I and 11 involved inevitable mechanical losses during the frequent 
mcthylations. It may he mentioned, however, that the yields 
from stages III and IV were actually quantitative when based on 
polari metric evidence and were much superior to those obtained 
in the standard preparations of the same compounds. 


Discussion of J ft. suits. 

To facilitate description, a synopsis of the reactions of primary 
importance in arriving at the molecular unit of cellulose is given 
below : 


cKr.Lri-o.si-: 


<4r 



Series (n) Stn'<s(h} 

(Irvine and Soufar, lor. eit.) * i 

(Irvine and Hirst, he. cit.) 

+ 

Triueotyl cellulose Triun iuvl »vllid'>se 

I . . 

Methylglucosidc Triiuctliyl methyl^;! r.ci .side 

GLUCOSE 2:3: ii-TKlMETilYL 

GLUCOSE 


> « ('•) 

Haworth and Hirst, T., 
11)21. 119. 193) 


tVllnbi'oso 

Oct a methyl cellobiose 

2:3: U-TH1METHYL 
GLUCOSE 


2:3:3: O-Tetrametbyl glucose 
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The simplest molecule which will satisfy the conditions of series 
(a) and (6) is that of a 1 : 5-anhydroglucose of the butylene-oxide 
type (Formula III). 

-CH i i — CH 0 


0 


cH‘OH 

CH-OH 

V H 

CH 


0 


0 T 


CH-OH 


CH 2 -OH 

(llL) 


(^H*OH 
CH 

CH— 0— CH'CH(OH)*CH(OH)*yH*CH'CIL'01i 

] ' _ I * 1 


CH 2 -OH 


-0 

(IV.) 


Such a structure 'would, however, be incapable of yielding cello, 
biose and of conforming to the requirements of series (c), unless 
it is assumed that the disaccharide is an adventitious product 
formed during acetolysis by the autocondensation of glucose. 
Experimental evidence is entirely opposed to this view and. 
further, octa-acetyl cellobiose has never been prepared from penta- 
acetyl glucose. Moreover, the linkage of the two glucose residue? 
in cellobiose is characteristic only of natural carbohydrates and 
has been detected in lactose (Haworth and Leitch, T., 1918, 113, 
188), in starch (Irvine and Macdonald, Brit. Assoc . Reports, 1922; 
J. Soc. Ckem. Ind ., 1922, 41, 363r), and in glycogen (Macbeth 
and Mackay; unpublished result). These observations lead in- 
evitably to the conclusion that the cellobiose residue is preformed 
in the cellulose molecule and consequently the unit of the poly- 
saccharide must contain, at least, two glucose residues. In order 
to conform to the structure of cellobiose, these must be united 
as in Formula IV. 

In terms of this formula, however, 100 parts of cellulose should 
give 105*5 parts of cellobiose, and although, considering the con- 
ditions employed in such reactions, it is not to be expected that 
the maximum should be realised in practice, the yields of the 
disaccharide are extremely variable and rarely exceed 3.1 percent. 
The highest recorded are of the order 50— GO per cent., and in the 
meantime it is prudent to select a formula for cellulose which will 
give a yield of cellobiose approximating to this figure rather than 
to the higher value 105*5. On this basis, the simplest formula is 
that of a tri anhydroglucose which can be constituted in four way? 
whilst preserving the necessary 1 : 5-linkage. These alternatives 
are expressed in Formuke V, VI, VII, and VIII. 

All the structures satisfy quantitatively the primary conditions 
of the conversion of cellulose into glucose and into the correct 
isomeric form of trimethyl glucose. In addition, the maximum 
theoretical yield of cellobiose would be in each case 70 per cent. 
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-CH— 0— ( 
CH-OH 
CH-OH 

> 

CH 0 — 

d)H 2 *OH 


~CH*CH(OH)*CH(OH) • CH 
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(V.) 


— CH- 
1 CH-OH 
CH-OH 
-CH 


CH-CH (0 H ) -CH(0 H )‘C H »CH-CH 2 -0II 
-0 


0— CH*CH(OH)-CH(OH)-CH-CH-CH 2 -OH 

r , ^ 


(VI.) 


CH— 0 CH-CH(0H)-CH(0H)-CH‘CH-CH 2 -0H 
CHo-OH 0 — 1 2 


— CH — 0~ 

0 Y H ‘ 0H 

CH-OH 


ch 2 -oh r 0 

" CH CH-CH(OH)*CH(OH)-CH 


-CH 

‘h — 0 — CH’ 


(VII.) 


CFL-OH 


ch 2 -oh 


-CH-CH(OH)-CH(OH)-CH 

1 -o - 1 


-OH 

0 CH-OH 
U CH-OH 

-CH 


CH-CH(OH)-CH(OH)-CH-CH-CH 2 .QH 


0 


(VIII.) 


CH — 0 — CH- 


CH,-OH CH 2 -i 

Letters in l.<Io« k lyjn 


CH-CH(01I)*Cli(0H)-CH 


-0 


(ksiirimti* th 


reducing groups. 

together Mth 37 per cent, of glucose. The inethylation process 
gives no help in discriminating between the alternatives, and other 
ciiaiacloristic chemical reactions of cellulose are accounted for 
by any of the formula.*. It will be seen, however, that compounds 
possessing the structure of formulae VI, MI, and VIII could give 
rise to cellobiose in one particular way only and might vield in 
addition either " ‘ 

(a) a non-reducing glucose glucoside, 

or (i) a doubly reducing diglucose of a type which is unknown.* 

bil°oM and fr? 1 {Z ' am7tU ' a, ‘ m " l "*'' 35- lw > describe an ,WelU,. 
ctl ? ■T^-5 3r ! f ttCt ‘ t0 '^ 1S of ct ' IluW * Jt “ doubtful if this i, a single 
comDotmH^ 1 '^? d ’ bUt aS th ° P«wcr is equal to that of maltose the 

pound cannot correspond with either of the diaicrim rides postulated above. 
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On the other hand, the graded hydrolysis of a compound formul- 
ated as in V would result in cellobiose as the only possible di. 
saccharide. 

Taking all available factors into account, we prefer Formula V 
as the simplest expression of a molecule which, polymerised in 
unknown numbers, would represent cellulose as a chemical entity 
but we recognise that any odd number of anhydroglucose residues 
from three upwards can be arranged so as to fulfil the conditions. 
Our work gives no indication of the degree of polymerisation 
undergone by the molecular unit, but the extreme insolubility 0 f 
trimethyl cellulose compared with the ready solubility of methylated 
starch, inulin, and glycogen points to the idea that cellulose is 
the most highly polymerised of the known polysaccharides. This 
subject is engaging our attention together with the cognate problem 
of the depolymerisation of cellulose. In addition, other standard 
forms of cellulose are being examined on the lines indicated in 
this paper as part of our general programme of research on poly, 
saccharides. We are also engaged with experiments designed to 
identify disaccharides other than cellobiose among the degradation 
products of cellulose and reserve the structural study of such 
compounds. 

Discussion of Other Formulae for Cellulose . 

Of the various structures which have been suggested, consider- 
ation may be limited to formulae expressing a relationship 'between 
cellulose and glucose. These may be classified approximately 
under headings. 

1. Formulae Modelled on that of the Glu cos ides. — Hess has pro- 
posed a variety of glucosidic structures for cellulose which bear 
a general resemblance to Fischer's formula for tannins. The 
simplest example is shown below, variations being introduced by 
lengthening any of the sugar chains. 


r 0 , 

— CH- 0— CH-CH(OH)-CH(OH)-CH*CH(OH)*CH a *OH 

| | - 0 — , 

I CH— o- CH*CH(OH)-CII(OH)‘OH‘CH(OH)-CH 2 *OH 

0 i , o 

CH-O- CH-CH(OH)‘CH{OH)-CH'CH(OH)-CH 2 -OH 



I 0 

CH-0-CH-CH(OH)'CH(OH)-CH-CH(OH)-CH 2 -OH 
I I ■ 0 

CH 2 --0-Cl[-Cil(OH)-CH(UH)'CH-CH(OH)-CH 2 -OH 

By our processes, the above structure would give five molecules 
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of 2 : 3 : 5 : 6-tctramethy] glucose and one molecule of glucose 
while the same products, together with trimethyl glucose would 
be obtained from the more complex formulae suggested by Hess 
Oar msulte are entirely opposed to this view or to any fornuTa 
in which the hydroxyl groups are not symmetrically distributed 

„;os,-kZ ; m,' i* iTi timfor t 

the structure of cellobiosc must be repeated in ecUuloseX“Lmcd 
„„ slender experimental grounds that cellulose is a pdymeride of 
a , f 7 “f-Wlobiose for which he has devised the name 
cellosan. The formula need not be reproduced. On methyl- 
ation and hydrolysis, the hypothetical “ cellosan ” would give 
molecular proportions of 2 : 3 : 6- and 2 : 3 : 5-trimefhyl 
glucose ho race of the latter compound was formed from 
methylated cellulose and Karrer’s formula is manifestly incorrect 

be quote™ “ - 4 ”V^co,e,-Three examples may 

C'H(OH)— CH CJf 2 • f CH(OH)-CH C H 

1 o o i i 


(X.) 


CH(OH)— CH~ 

Green. 


-CHOH ]x 


0 


(XI.) 


CH- 


{ CH(OH)-CH{OH}-(JH 

Vignon. 

^ ■ CH(OH) — CH, > 

| (XII.) 

OH(OH)-CH(OH)-CH * 

Pictet, 

*jj ° f th * ab ,° V ? StrUClures " ould give a trimethvl cellulose hut 
ubsequent hydrolysis would yield ' ’ 

(a) a dimethyl glucose from X, 

( fj ) - : 3 : 4-tnmethyl glucose from XI, 

(c) 2 : 3 : o-trimethyl glucose from XII. 
a no case are these conditions supported bv our rv-ulf = t> < 

Tartzst % 


CH- 


ch,-oh 
-CH 0. 

-0 I 


CH(OH)-CH{OH)*OH y 

2 C ™ atiou P^vcds by the addition of similar 

J ' o touch additions, arbitrarily arranged, give 
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the same structure as Formula V and 4 presumably this method of 
addition could be extended indefinitely. As already stated, 
do not agree with the view that cellulose is based on a single 
hexosan unit or on any molecule which contains an even number 
of such units. Nor is it likely, in view of the results obtained by 
the polymerisation of glucosan (Irvine and Oldham, Brit. Assoc. 
Reports, 1922), that the mechanism suggested by Hibbert is 
functional in the formation of the cellulose complex. Hibbeifs 
method of building up the cellulose molecule was based on an 
assumption which was premature. He assumed that the fractions 
x and y are identical with each other and with the nucleus unit 
whereas the quantitative evidence required to decide this point 
is now contributed for the first time. Nevertheless Hibbert states 
in his paper that Denham and Woodhouse had obtained trimethy] 
glucose “ by the hydrolysis of completely methylated cellulose.” 
Of the reasons adduced in favour of his formula, only one (this 
misquotation of Denham and Woodhouse’s result) has any quantit- 
ative structural significance. Although one expansion of his 
formula coincides with that which we show to be consistent with 
our complete results, reference to the introduction will disclose 
how many possibilities were overlooked by Hibbert in his 
speculations. 

The constitution of the cellulose molecular unit proposed by us 
depends on three factors taken in conjunction. These have all 
been investigated here and are : (1) the proof that one fragment 
of the molecule consists of 1 : 5-anhydroglucose (Denham); 
(2) the proof that the same fragment is present in cellobiose, which 
is thus an integral part of the cellulose molecule (Haworth and 
Hirst); and (3) the proof now contributed that all the glucose 
residues in cellulose are identical. 

A constitutional formula arrived at in the absence of any one 
of these factors is logically invalid. 

Experimental. 

Trimtlhyl Cdla'oie. 

Trimethyl cellulose was prepared essentially by the method 
already described (Denham, T., 1921, 119, 77). 

Cotton cellulose was in the first instance methylated to the 
dimethyl stage by the joint action of methyl sulphate and 30 per 
cent, aqueous sodium hydroxide. After four such treatments 
the procedure wes varied and, in the subsequent alkylations, the 
methyl sulphate was dissolved in ether and the sodium hydroxide 
in methyl alcohol. The methoxyl content increased &ImvJy & 
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course of each successive alkylation and, after twelve treat- 
ments, was between 42 and 43 per cent. As this value was not 
exceeded, even when the methylation was repeated twenty times, 
it is apparently the experimental maximum. 

Up to the stage where dimethyl cellulose was the essential 
product, the weight of material obtained averaged 91 per cent, of 
the theoretical amount, but the introduction of the third methyl 
group diminished the over-all yield to 70 per cent. This figure, 
in view of the difficulty experienced in avoiding mechanical losses, 
must be regarded as considerably short of the maximum. Four 
independent preparations were carried out, the composition of the 
different specimens being given below : 

Specimen A 12 methylations. OMe = 42*0 per cent. 

„ B 17 „ OMe = 43*1 „ 

„ C 14 „ OMe = 43*0 

„ D 14 „ OMe = 43*8 „ 

A uniform mixture gave OMe = 43*1, whereas trimethyl cellulose, 
C 6 II 7 0 2 (0Me) 3 , requires OMe = 45*5 per cent. 

It should be stated that Schweitzer’s reagent was not used at 
any stage to remove partly methylated material from the products, 
which thus retained the essential microscopic structure of the 
original cellulose. The evidence of hydrolysis submitted later 
showed that the preparation consisted of trimethyl cellulose (85 per 
cent.) mixed with dimethyl cellulose (15 per cent.). 

Simultaneous Hydrolysis of Trimethyl Cellulose and Condensation 
of the Product uith J I ethyl Alcohol. 

The four specimens of methylated cellulose were uniformly 
mixed and heated for fifty hours at 100° with excess of methyl 
alcohol containing 1 per cent, of hydrogen chloride. The most 
suitable charge for a sealed tube was found to be 4*5 grams of the 
solid and 60 c.c. of the acid reagent. As the decomposition was 
incomplete under the conditions stated, the heating was continued 
foi a further period of fifty hours at 130°. Only a minute quantity 
of a floeculent solid then remained undissolved and the solution 
had acquired a faint yellow colour. Examination showed that 
this trace of solid residue consisted mainly of mineral matter and 
it was accordingly neglected. 1 he solution, which contained the 
tydroljsi* sugar in the form of the corresponding mcthylglueoskle, 
^as neutralised with silver carbonate, filtered, treated with charcoal, 
an evaporated under diminished pressure. A colourless syrup 
remained which, after drying at lOOMO mm. until constant in 
^eig it, amounted to 95 per cent, of the theoretical amount ealeulat- 
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ing on the conversion of a trimethyl cellulose into trimethyl methy]. 
glucoside. The syrup was distilled in a high vacuum, a small 
fraction being collected in order to ascertain if any tetramethyl 
methylglu coside was present. 

B. p. n,. OMe. 

First fraction . 8-6 per cent. 115®/0*6mm. 1*4591 52-3 per cent 

Main „ 74*7 „ ,, 115 — 118705 mm. 1*4590 52*5 „ 

High 11-5 „ „ 120— 13070*5 mm. 1*4665 47 0 „ ” 

Residue 5*1 „ „ — — • — 

The constants determined on the first fraction agree exactly 
with those given by 2:3: 6- trim ethyl methylglucoside and shoi 
that tetramethyl methylglucoside was absent. Even a trace of 
the latter compound would have been detected by an elevation 
of the methoxyl content and a depression of the refractive index. 
Fractions I and II were accordingly united as identical, and found 
to be pure trimethyl methylglucoside [Found : C = 50’72 ; H = 
8*58 ; OMe = 52*5 ; n D 1 *4590. O c H g O a (OMe) 4 requires C =r 
50*85; H — 8*47 ; OMe = 52*6 per cent. ; n D 1*4583]. 

Nucleation of the liquid glucoside with 2:3: 5-trimethyl methyl- 
glucoside (prepared from glucosan) failed to induce crystallisation 
and the compound was further identified as the 2:3: 6*isomeride 
by the determination of the specific rotation. 

Solvent. c. [a]®. 

Methyl alcohol 1*05 -j- 72*0® 

Chloroform T34 66-0 

Analysis of the fraction of higher boiling point and of the syrup 
remaining undistilled showed that this material was a mixture of 
40 per cent, of trimethyl methylglucoside with GO per cent, of 
dimethyl methylglucoside. This is in agreement with the idea 
that the original methylated cellulose contained 85 per cent, of 
trimethyl cellulose and 15 per cent, of dimethyl cellulose, a result 
already indicated by analysis (Found : OMe — 43' 1. Calc., OMe - 
43*6 per cent.). Allowing for this proportion of incompletely 
methylated material, the yield of pure distilled 2:3: G-tri methyl 
methylglucoside was 91*5 per cent, of the theoretical amount. 

Hydrolysis of Trimethyl Methylglucoside from Tri methyl 
Cellulose. 

In order to confirm the presence of both the a- and Informs of 
2:3: 6-trim ethyl methylglucoside, the compound was hydrolysed 
in one experimert under conditions which would display the 
characteristic rise and fall in rotation. The polarimetric record 
of the reaction thus obtained agreed exactly with that previously 
determined by Irvine and Hirst ( loc . cit.). 
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Solvent 3*2 per cent, aqueous hydrochloric acid, c = 2 -5. 


Time. 

Temperature. 

frf. 

5 minutes 

90° 

+ 84-5 ° ) 

35 „ 

,, 

90 0 l Rise 

75 „ 

,, 

94-4 J 

6 hours 

100 

* 76-0 ) Fall 

7 99 


* 72-0 / (constant) 


* Value calculated on the weight of sugar formed. 


Isolation of the product in the usual manner gave a viscous syrup 
which, on nucleation, rapidly solidified. The crystals, when 
purified, were identified as 2:3 : 6-trimcthyl glucose. Yield 50 
per cent. 

Quantitative Hydrolysis. Yield of Trimethyl Glucose . 

In repeating the hydrolysis on a larger scale the procedure was 
varied to obtain more accurate data as to the weight of sugar 
formed. A 4 per cent, solution of trimethyl methylglucoside in 
5 per cent, aqueous hydrochloric acid was boiled under a reflux 
condenser until the activity became constant ([a] D -f 72° in three 
hours). The presence of a small quantity of charcoal prevented the 
formation of coloured by-products during the hydrolysis. 

After neutralisation with barium carbonate, the solution was 
evaporated under diminished pressure and the residue extracted 
with dry ether. Removal of the solvent gave a syrup which, when 
nucleated with 2 : 3 : 6-trimethyl glucose, solidified immediately 
to a hard, crystalline mass, \icld 86 per cent, of the theoretical 
amount. Without further purification, the sugar melted at 94— 
104 , and this value was una fleeted by admixture with an authentic 
specimen of crystalline trimethyl glucose [Found: C = 48*50; 
H = 8-27 ; OMe = 41*2. C 6 H J1 O a (OMc) 3 requires 0 = 48*65 ; H ~ 
811; OMe = 41*9 per cent.]. The purity of the material was 
further confirmed by determining the specific rotation in methyl 
alcohol before and after catalysis with a trace of hydrochloric acid. 
Initial [a]'?; -r 92*5° — ► constant [x] D 66*5 5 for c = 1*35. 

Proof that T drama thyl Glucose uas Absent. -The finely-powdered 
sugar was boiled for several hours under a reflux condenser with a 
arge excess of light petroleum. On evaporation of the filtered liquid 
no trace of residue remained anil a similarly negative result was 
obtained on repealing the extraction. As’ bv this process it is 
possible to identify with certainty as little as 001 gram of tetramethyl 
glucose we conclude that this particular sugar was entirely absent. 
“roof that only 2:3: 6 -Tri methyl Glucose mas Present .- After 
.mg to remove low-boiling petroleum, the whole of the sugar 
recrystallised fractionally from dry ether. This treatment 
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affected only the melting point, which increased to 104-^108° 
When mixed with an authentic specimen of 2:3: C-trimcthvj 
glucose melting at 105 — 109°, the value was unchanged (104 — 

Recrystallisation had increased the proportion of the a dorm (l f 
the sugar present in the mixture, and the initial specific rotation 
in methyl alcohol had therefore risen to 108°. This diminished to 
r 67° after catalysis and the figures are in excellent agreement with 
the standard values for 2:3: G- trimethyl glucose. It is important to 
state that the total ethereal mother-liquors collected during the 
recrystallisation of the sugar were united and evaporated. The 
resulting syrup again solidified completely to a mass of crystals 
thus proving that no liquid isomeric form of trimethyl glucose was 
present. 

As the conversion of triincthyl cellulose to trimethyl mot hvl- 
glucosidc was effected in 01*5 per cent, yield, and as the pure su*ar 
thereafter obtained from the glucoside amounted to 8G per cent, 
of the calculated value, the over all yield for the series of reactions 
is 78*7 per cent, as a minimum. 

The authors desire to express their indebtedness to The Carnegie 
Trust for a grant in aid of the work, and to Dr. W. S. Denham for 
a generous supply of methylated cellulose. 
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LXV . — Researches on Pseudo-Bases . Pari IV, A 
New Synthesis of Tertiary Amines of the Fvm 

R-CH^XRW. 

By Gertrude Maud Robinson and Robert Robinson. 

Although a variety of methods are available for the synthesis of 
primary and secondary amines of the aliphatic, alieyclic or fatly- 
aromatic series, the related tertiary bases must usually be pre- 
pared by some process of direct alkylation, and this metnod, 
although generally applicable, has certain serious disadvantages 
in many cases. Often it is difficult to control, the main product 
being a quaternary ammonium salt, and in other examples the 
required alkyl halide {or sulphuric ester) is not readily accession 
The experiments now to be described improve the position to the 
extent that if’IUOH is a readily accessible alcohol convertible into 
an orgario -magnesium compound R*Mg*hal, it is possible to produce 
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in a simple operation a base of the formula R*CH 2 *NRiR2 The 
methylene group is derived from formaldehyde, and experiments 
are in progress the object of which is to extend the reaction to 
other aldehydes and so obtain amines typified by the expression 
R.CHR n NR 2 R 3 . 

Before dealing with the process itself, it is desirable to make 
brief reference to the theoretical considerations which it involves 
and which led us to anticipate that the fundamental reaction would 
occur. 

The constitutional analogy between cotarnine and the simple 
pseudo-bases of the type RR 2 *CH 2 *OH suggested that the latter 
should condense with alcohols so as to form ethers, NR-QH -OR ; and 
in Part III of this investigation (McLeod and G. M.‘ Robinson, T, 
1921, 119, H70) the verification of this prediction was recorded! 
It was found that the condensation proceeded to a greater extent 
to completion when the higher alcohols were employed than was 
the case with ethyl and propyl alcohols and we have now used 
n-butyl alcohol with satisfactory results. 

By further reasoning from analogies with cotarnine derivatives, 
and on account of the ease of hydrolysis of these ethers and their 
reactivity towards substances such as ethyl cyanoacetate, it seems 
fair to conclude that the formulation given above is an inadequate 
representation of their chemical behaviour, which is in accord with 
the existence of the equilibrium 

R.N-CH/OR 7 J?!L_ 

~ R 2 N-CHj ' 

But sinee these substances may bo distilled without decomposition 
the existence of any actual ammonium alkvkmdo seems unlikely 
and the constitution of the members of this group is, wo think 
best represented by the formula 


"Inch symbolises a partial intramolecular elcctrovalencv con- 
nectmg the mtrogen and oxygen atoms. Thus the easv'hvdro- 
)s “ and reactivity are clearly connected with the "‘onium ” 
tendency of the nitrogen atom and this conception affords a 
5 anatlon of the otherwise curious fact that the acetals, 
jS arc n „ so “** l«* reactive than the amino-ethers, 
r ? he cond,t,on facilitates the hvdrolvtic 

L d t a . m f olecule ~ ab ~ into -«H and H06- is' that a 
tlTL , ct r cgative and 6 ^ctropositivc either because of 

polaritv C m a u ra / ter ° r M the resuIt of an indeed alternate 
} effect. The following example will suffice to illustrate this 
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point. In the series CH 3 -CH 2 *0:CH 2 *CH 3 , CH 3 *OH 2 'OiCH(OEt)‘CH 


-:+ 


CH3*CH 2 -0:C0*CH 3 , CH 3 *C0*0;C(>CH 3 , CICO'CHg, Cl!CH 2 *OCH 


CICH 2 *CH 3 , the ease of hydrolysis rises to a maximum at acetyl 
chloride, where the polarity differentiation is greatest, and then 
falls. It would seem to follow that since oxygen is more electro, 
negative than nitrogen the amino-ethers should be more stable 
than the acetals, whereas the reverse is the case and for the reason 
which has been stated above. Striking confirmation of this view 
is to be found in the observation that whereas diethylaminomethvl 
?i-butyl ether (I) is readily decomposed by water, its methochloride 
(II) is remarkably stable and resists hydrolysis even in dilute acid 
solution at 100°. This substance is indeed much more stable 
than an acetal and the obvious explanation is that the nitrogen 
is now positively charged, 


(I.) Et 2 X-CH 2 -OBu 


Cl 1 Et 2 NMe*CH 2 -OBu 


(II.) 


and instead of the condition X— C 0 we have N”O“0, which 


should facilitate reduction to X— CH rather than hydrolysis. The 
formation of methylamine, dimethylamine, and trimethylamine 
hydrochlorides from ammonium chloride and formaldehyde, and 
the process of methylation of amines by treatment with form- 
aldehyde and formic acid are well-know examples of reactions 
in winch such reduction actually occurs. 

The quaternary ammonium hydroxide corresponding with the 
chloride II decomposes on heating with formation of methyldiethyl* 
amine and the indirect process of alkylation of secondary amines 
so indicated may prove serviceable in cases where there is a very 
great tendency towards the formation of quaternary salts. The 
stages recapitulated are : 

RR J *XH + CH 2 0 -r BuOH — * RR 1 N*CH 2 *OBu 
RR 1 X*CH 2 *OBu -f- R 2 I RR 1 R 2 N*CH 2 , OBUf I 

RRiR 2 X*CH 2 *OBu;OH — ► XRRiRs 4- CH 2 0 4- BuOH. 

The reactivity of these dialkylaminornethyl ethers is, however, 
turned to much greater advantage in their condensation with 
organo-magnesium compounds. This occurs in accordance with 
the equation 

R 2 N’CH 2 *OBu 4- REMgHal = R 2 X-CH 2 -Ri 4- BuO-MgHal, 

and the reactions were in all cases immediate and vigorous. Start* 
ing from diethylami nomethyl n-butyl ether (I), we have prepared 
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Xi.butenyldiethylamine (III), g- melhyl-namyldiethjlamine (IV), 3. 
phenyltriethyUimine (V), and cc-homonaphthyldiethylamine (Vi/ by 
the action of magnesium allyl chloride, magnesium isoamyl bromide, 
magnesium benzyl chloride, and magnesium a-naphthyl bromide] 

respectively. 

(in.) CII 2 :CH*CH 2 *CH 2 *NEt 2 CHMe 2 -CH 2 -CH 2 *CH 2 -XEt 2 (IV.) 
(V.) CH 2 Ph*CH 2 *NEt 2 C 10 H 7 *C H 2 -NEt 2 (VI.) 

l-/i- Butoxymethylpiperidi ne (VII) yields l-n-cnnylpiperidine (VIII) 
on treatment with magnesium n-butyl iodide, and 1 : 4-di(?i-butoxy- 
mcthyljpipcrazine (IX) is converted by magnesium ethyl bromide 
into 1 : 4 -dipropylpiperazine (X). 


CH»<S?h:> N - CH *-° B “ CH s<cft-CH 2 > X, [ CH *VCH 3 

(VII.) (VIII.) 

BuO-CH 2 -N<^|>X-CH 2 .OBu Pr'X<CH 2 _-CH 2>xpr , 

«“•) (X.) 2 

The ease with which this reaction occurs again prompts a com- 
parison with the acetals, which are unaffected by the Grignard 
solutions under ordinary conditions. Even orthoformic ester reacts 
sluggishly (Tschitschibabin, Ber., 1904, 37, 186; Bodroux, Compt. 
md., 1904, 138, 92) and the reactivity which the oxygen in the 
amino-ethers displays towards magnesium appears explicable only 
on the basis of the constitutional theory which we have already 
advocated. Few reactions are more obviously connected with 
polar considerations than those of the organo-metaliic compounds, 
arid the behaviour of a substance towards magnesium methyl 
iodide can probably be used as a trustworthy guide to the extent 
to which polarisation * occurs in the molecule. Substances in 
which the atoms are held together by co-valeneies onlv should 
react with difficulty if at all, whilst any pronounced polarisation 
should give rise to a reaction in view of the strong electropositive 
tendency of the magnesium atom. Judged by this criterion, the 
carbonyl group is polarised, that is, the carbon and oxvgeu are 
connected by a degree of electrovalency, which, however, does 
not necessarily amount to a full unit charge. This is in accord- 

ml Y91 the thCOry PUt fonvard b > T Krrmaek and one of us (T. f 
4 f 7b siuce the oxygen octet is the more stable and the 
• a ency electrons are therefore appropriated by it to a certain 

SurhT 11 e / tent> ln this ca * e the boud w partly elect rovalent. 
onsiderahons do not apply to ethylene and its simple deriv- 


aoWuk° n — ° US Ur0 dissociation, 

uoietular ionisation/’ 


' electro valency/’ 
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atives and these in practice do not react with the Grignard reagents 
Consequently ethylene should be represented as CII 2 !CH 2 
+ — 

co-valencies and not as CH 3 — CH 2 — with one co-valency and one 
electrovalency, as recently suggested by Lowry who, however 
does not, perhaps, propose to apply his view of the nature of the 
double linking to such a simple case. 

If the symmetrical character of ethylene is disturbed by substitu. 
tion, the induced polar effects may become so considerable that the 
unsaturated group simulates the behaviour of the carbonyl of a 
ketone. The bond is then clearly polarised, but, if chemical 
behaviour counts for anything, the extent to which the co- valencies 
are replaced by electrovalencies is variable. It is, for example 
much greater in methylenemalonic ester than in benzylidencacetone 
and in the latter greater than in ethyl cinnamate. Mention should 
be made of the fact that methylamine condenses with formaldehyde 
and n -butyl alcohol in presence of potassium carbonate with 
formation of di(?i-butoxymethyl)methy]amine, NMe(CIivOBu),, 
which may prove to be a useful reagent in synthetical work. The 
equivalents of the new amino-ethers described were determined bv 
decomposition with X/lO-suJphuric acid and back-titration with 
X/10-sodium hydroxide, using methyl-orange as indicator. 

Experimental. 

Dimethylaminomethyl iso Butyl Ether , CHMc 2 *CH 2 *0*CH 2 *X]iIe 2 .— 
An aqueous solution of dimethylaminc (113 grams of 10 per cent.) 
was added with cooling to a mixture of isobutvl alcohol (20 grams) 
and formalin * (25 grams) and the whole saturated with potassium 
carbonate, well shaken, and allowed to remain over-night. The 
oil was then taken up in ether and the solution dried with potassium 
carbonate and distilled, using an efficient column. Thirteen grams 
of a colourless, mobile liquid boiling at 124 — 126°/763 min. were 
obtained (Found: equivalent = 133 ; C 7 H 17 OX requires equiv- 
alent = 131). The yield was therefore 40 per cent, of that required 
by theory and calculated on the dimethylaminc employed, so that 
this experiment demonstrates that the formation of these ethers 
may occur in the presence of a considerable relative amount of 
water. Dimethylaminomethyl isobutyl ether is readily hydrolysed 
by dilute hydrochloric acid or by hot water with formation of its 
generators, and its odour is that of a mixture of these substances. 

Diethylaminomdhyl n -Butyl Ether (Formula 1). — Diuthyla urine 

* Commercial so-called 4'» per cent, formaldehyde. Thu methyl alcohol 
umeh this contains does not appear to give rise to the production of dialkyb 
aminomethyl methyl ethers, probably because these substances are more 
rapidly hydrolysed than the similar ethers derived from higher alcohols. 
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(55 grams) was carefully added with cooling to formalin (85 grams) 
and after the addition of n-butyl alcohol (74 grams) the mixture 
was treated with so much potassium carbonate that about 10 grams 
remained undissolved. The whole was emulsified by vigorous 
shaking at intervals and after fifteen hours the oil was dissolved 
in ether and the solution dried by means of potassium carbonate. 
On fractionation under the ordinary pressure, 96 5 grams of a colour- 
less, mobile liquid boiling at 17*2 — 174°/754 mm. were obtained. 
This is a yield of 80 per cent, of the theory calculated on the 
diethylamine employed (Found ; equivalent = 158. C 9 H 21 ON 
requires equivalent — 159). The properties of the substance 
closely resemble those of other members of this class of amino- 
ethers. 

1 -n - Butoxymethylp iperid i n e (Formula VII). -This substance was 
obtained from piperidine (42*5 grams), formalin (42 grams), and 
n-butyl alcohol (37 grams), following the method described in the 
foregoing sections. Sixty-five grams of an oil boiling at 210 5 /772 
mm. were obtained. Distillation under ordinary pressure causes 
in this case slight decomposition and discoloration. The substance 
boils at D6°/8 mm. without decomposition (Found : equivalent = 
172. C 10 H 21 ON requires equivalent — 171). The substance is 
relatively stable towards water and is not immediately hydrolysed 
by cold dilute hydrochloric arid. Its odour is basic and the 
formaldehyde effect is only observed after an interval of a few 
seconds. 

1 : ^Di-n-butyloxymethylpiptmzim (Formula IX). — This sub- 
stance was obtained by applying the general method to piperazine 
(32*5 grams), which was treated with formalin (85 grams), tt-butvl 
alcohol (74 grams), and an excess of potassium carbonate. The 
ether, which resulted in a yield of 33 per cent, of the theory, is a 
colourless liquid boiling at 174° 10 mm. [Found : equivalent = 128. 

(diacid base) requires equivalent -- 129]. The original 
components are readily formed by hydrolysis in dilute acid solution 
and slowly by water alone. 

Di ( n-6w toxy methyl) m ethyla m i nc, XMe(('H.,*OBu ).,. — An aqueous 
solution of methylamine (21 grams of 20 ]>er cent.) was added in 
one portion to a mixture of n-butyi alcohol (20 grams) and formalin 
(25 grams). The addition of the amine causes the separation of 
the liquid into two layers. ISo much potassium carbonate was 
then added that some of the salt remained undissolved and the 
mixture was frequently shaken and allowed to remain during two 
^ a ys. The oil was isolated in the usual manner and on distil- 
ation 12 grams of a colourless liquid boiling at 111% 15 mm. were 
obtained (Found: C = ()47; H = 119. I’H X requires 

vor.cxxiii. 11 r 
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C = 65*0 ; H = 12*3 per cent.). This interesting substance i s 
readily hydrolysed by dilute acids with formation of methylamine, 
butyl alcohol, and formaldehyde, and in other respects behaves 
as a normal aminomethyl ether, but it gives inaccurate results on 
back- titration after decomposition with A /10-sulphuric acid. Pos. 
sibly this may be due to the formation of a cyclic ester of sulphuric 
acid, but whether this explanation is the true one or is false the 
constitution of the compound is clearly that which has been 
assigned in view of the properties of the substance, the analytical 
results quoted, and the conversion to methyldiethylamine which is 
described below. It is proposed to attempt the utilisation of this 
derivative of methylamine for the synthesis of y-piperidones by 
condensation with reactive derivatives of acetone. 

M etkyld i ethyl -n-b utoxy m ethyla in w o n i um Salts (hormula II).— 
Diethylaminomethyl -butyl ether (8 grams) was mixed with methyl 
iodide (7 grams ; 1*05 mol.) and kept in a dark cupboard in a closed 
vessel. The solution quickly became cloudy owing to the formation 
of the methiodidc. In a few hours a considerable oily layer had 
separated and after three days the whole mass had become uniform 
and consisted of a yellow, viscous syrup which showed no tendency 
to crystallise. In order to remove small quantities of unchanged 
base and methyl iodide the material was twice washed with dry- 
ether and then dissolved in water and converted into the corre- 


sponding chloride by treatment with an excess of freshly precipitated 
silver chloride, first during two hours in the cold, and then for 
fifteen minutes on the steam-bath. The filtered solution of the 
chloride was perfectly colourless and had no odour of formaldehyde. 
It may be kept unchanged for many weeks at room temperature 
and, even on boiling, hydrolysis occurs very slowly in neutral or 
acid media. On the addition of sodium hydroxide to the solution 
an oily ammonium hydroxide is precipitated and this on further 
heating decomposes with formation of butyl alcohol and methyl- 
diet hyla mine (see below). The following derivatives are sparingly 
soluble oils; period ide , perchlorate , mcrcurickloride , femcklond?,, 
ferricyanide ; the chromate and oxalate are readily soluble salts. 

The chloroplatinatc was found to be the most satisfactory deriv- 
ative and w as obtained in the usual manner as a voluminous butt 
precipitate. It is sparingly soluble in cold water, but disso'fc 
freely in hot water and crystallises in frond-like aggregates 
orange-yellow prisms which darken at 106° and melt at 201 w 
decomposition (Found: Pt « 26-0. C 20 H 48 O 2 N 2 Cl 6 Pt require. 


Pt = 25*8 per cent,). , 

Methyldiethylamine. — (A). The additive product iota , 
aminomethyl »-butyl ether (20 grams) and an equal wag 
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methyl iodide was dissolved in water, a little hydrochloric acid 
added, and steam passed through the solution. This was done 
under the impression that hydrolysis would he rapid and the butyl 
alcohol formed would then be conveniently removed It tran 
spired, however, that very little butyl alcohol was found in the’ 
distillate ar.d even under these conditions only a small proportion 
of the quaternary salt suffered hydrolysis. Free iodine was removed 
from the solution by the addition of sulphurous acid and the liquid 
was then concentrated on the steam-bath to a syrup This was 
mixed m a distilling flask with excess of concentrated aqueous 
potassium hydroxide and the mixture heated until no more base 
was evolved. The latter was collected in a vessel cooled by ice 
and dried by means of potassium hydroxide and finally by dis' 
filiation over successive small quantities of sodium. Ultimately 
7 0 grams of the pure base boiling at 66= were obtained War 
ently no characteristic properties of derivatives of this simple 
amine (Passon, Ber., 1891, 24, 1081) have vet been recorded 
The chloroplalinate is well adapted for the characterisation of the 
base and crystallises from ethyl alcohol in pale- orangcyellow 
pnsmatic needles melting sharply at 231=* [Found: Ft J W 
(l ; V\),,H 2 PtCl e requires Pt « 33 37 per cent.]. When the 
crystals in a moist condition were touched with a nickel spatula 
the melting point was found to be considerably lowered and it is 
probably a desirable precaution in the manipulation of other 
platimc compounds to avoid all contact with foreign metals The 

from nuthyl alcoho1 in paie ora ^- 

' t" ethereal solution of magnesium methyl iodide was added 
o 4(ii-butoxymcthy])mcthylamiiie (4 0 grams) and ether (10 cc ) 
"ft no further obvious reaction occurred. An efficient nS 
baf aid 7 attaC t hpd ‘° the ' lask 1,1 ortlcr ‘o avoid loss of volatile 
ind ii,f d th *, , 1XtUrC Has allo "'«l «<> remain for half an hour 

he lnxW. nt t du " Mg tcn m ' nut, ' s - Water was added to 
... 1 ,, t> was tilen iuadc strongly add I»v means of 

cther " as '-.v <h.dk,;r a,.;! 

illatcf l ^ " h th ‘‘ rCli ‘ dlml a< l ucous solution until the dis- 
Sired r, C ° n f ,, , ,ed b, “- Vl all °b°l- The solution was cooled, 
rase being StaM 8,1,1 #p *" 1 ^‘“■^tilled. the evolved 
q-drechlorie acid Th^ T'l ada, ’ ,0r *»*“« >“ dilute 
ralk on the steam W) aCld , SO " tIO “ " as concentrated to a small 
luced a small me ^ a ‘] d platlnic chloridc added - This pr..- 

V h, T PlatUlate soluble in 

iquor and alcohll w n d a ‘ ld "' ashed " ith alcoho1 ' Tl "' mother- 
alcohol washings were combined and concentrated to 

l' - 
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very small bulk. The main quantity of the chloroplatinate then 
separated on cooling and the substance was crystallised from 
ethyl alcohol and then again from methyl alcohol and obtained in 
rhombic prisms melting at 231° (Found: Pt = 33 35 per cent.). 
Comparison showed that the substance was identical with the 
chloroplatinate prepared as described under (A) above. 

Benzyldietkylamine Ch lorophtmate —A mixture of diet-hylamino. 
methyl n-butyl ether (7*9 grams) and benzyl chloride (6*3 grams) 
remained unchanged in the cold and was heated at 100 during 
seven hours. A brown oil separated and this became hard on 
cooling, but could not be crystallised. Water was added and 
steam passed through the solution, and as this did not effect decom- 
position of the quaternary salt the liquid was acidified with hydro- 
chloric acid and evaporated to a small bulk on the steam- bath. 

On the addition of sodium hydroxide and extraction with ether, 
very little base was obtained in the extract, but an insoluble oily 
quaternary ammonium hydroxide was thrown down. This was 
finally decomposed by distillation in a current of steam after the 
addition of an excess of sodium hydroxide, and the alkaline dis- 
tillate was acidified with hydrochloric acid and concentrated. A 
somewhat sparingly soluble chloropl<ituiGtc was derived in the 
usual manner and crystallised readily from water in needles and 
then from methvl alcohol in pale buff, glistening plates melting 
at m° [Found : Pt - 26 '3. (C n H i: N) 2 ,H 2 PtCl 6 requires Pt =26-3 
per cent.]. This salt has been previously prepared by Laden- 
burg and Struve ( Ber 1877, 10, 47), but no description of the 
properties of the substance has yet been placed on record. It is 
very sparingly soluble in acetone or ethyl alcohol, somewhat more 
readilv soluble in methvl alcohol or water. 

X’-Butenyldidhi/lamine (Formula III).— A dilute ethereal solutioii 
of magnesium allyl chloride was gradually added to the diethyl- 
aminomethyl n-butyl ether (19 grams), dissolved 111 anhydrous 
ether The addition of each drop produced a vigorous reaction 
and a curdv precipitate and it was easy to determine the point at 
which the whole of the amino-ether had been decomposed Attn 
allowing to remain during a few hours, water was ad et iu P 
sufficient amount to remove magnesium compounds loni 
ethereal solution, which was then filtered and the sludge of m, 
nesium hydroxide washed with fresh ether m the . 

combined filtrate was four times extracted with dtlute yj 
chloric acid and this acid solution concentrated to » ‘ , 

On cooling, the hydrochloride separated as a mass of c M - 
crystals. The base was separated by addition of ' of tk 
aqueous potassium hydroxide and careful disti 
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mixture. It was taken up in ether, the solution dried by means 
of potassium hydroxide and distilled. For analysis, a specimen 
was redistilled over sodium (Found: 0 — 75*3; H = 136. 
C H 17 N requires C = 75*6; H = 13*4 per cent.). This base is 
the diethyl analogue of the diraethylpyrrolidine, b. p, 89 — 92°, 
prepared by Ciamician and Magnaghi ( Gazzeiia , 1885, 15, 485) 
by methylation of pyrrolidine. It is a mobile liquid with a char- 
acteristic odour and boils at 132°/767 mm. The addition of 
alcoholic picric acid to the base produces a precipitate of the 
perate in golden-yellow needles melting at 60°. When this amine 
is mixed with methyl iodide, the methiodide immediately separates 
in solid form and to the accompaniment of a crackling sound. 
The substance dissolves in water and is converted into the oily 
quaternary hydroxide by treatment with an excess of potassium 
hydroxide. This decomposes but slowly on heating and with 
production of butadiene and methyldiethylamine. 

b-Methyl-n-a myld iethyla mine (Formula IV). — The preparation of 
this substance followed in all its details that of butenyldiethyl- 
amine, magnesium allyl chloride being replaced by magnesium 
isoamyl bromide. No crystalline hydrochloride was obtained, 
however, and after the addition of potassium hydroxide to the 
concentrated solution of the hydrochloride the base was at once 
extracted by ether. Ten grams of diethylaminomethyl n -butyl 
ether gave 5 grams of the pure amine boiling at 172° (Found : 
C = 76*1 ; H = 14*8. C^H^X requires C — 76*4 ; H = 14*6 per 
cent.). Most of the salts of this base arc very readily soluble and 
some of the sparingly soluble double salts, for example, the 
mmnrichloride, obtained in oily drops, could not be crystallised. 
The chforoplatinate, however, crystallises from methyl alcohol, in 
which it is somewhat readily soluble, in pale orange, rectangular 
prisms melting at 101°. 

1-n ‘Amylpvpmdine, (Formula VIII). — A solution of magnesium 
ft- butyl iodide, prepared from n- butyl iodide (16 grams) and 
magnesium (2*2 grams) in ether (120 c.c.), was gradually added to 
1-ft-butoxymethyl piperidine (9 grams), dissolved in ether (20 c.c.). 
After half an hour, the mixture was gently heated and then cooled 
and a small amount of water added so as to decompose the mag- 
nesium compounds dissolved in the ether. The filtered solution 
was shaken with successive small portions of dilute hydrochloric 
acid and the combined extracts were concentrated on the steam-bath. 
The crystalline residue of the hydrochloride was mixed with con- 
centrated aqueous potassium hydroxide and ether, and solid 
potassium hydroxide added until the aqueous layer Was saturated. 

ne separated ethereal solution was then dried by the further 
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action of the reagent and distilled. The base boiled at 196°/7C9 mm 
and at 80°/8 mm. (Found: G — 77*6 ; H = 136. C 10 H S] \ 
requires C = 77*4 ; H = 13*5 per cent.). The picrate crystallise 
from ethyl alcohol in bright yellow, prismatic needles melting at 
107°. It is sparingly soluble in ether or water and readily soluble 
in methyl alcohol, acetone, or benzene. 

1 : 4 -Dipropylpiperazine (Formula X). — This substance was pre- 
pared in the usual manner from 1 : 4-di(n-butoxymethyl)pipcrazi lle 
and an excess of magnesium ethyl bromide and the reaction was 
immediate and vigorous. The base, obtained in a yield of 70 per 
cent, of that theoretically possible, was distilled finally over sodium. 
It boils without decomposition at 206° /7G2 mm. and is an inodorous 
liquid which does not crystallise at 0° (Found : C = 70*5 ; H —12 9. 
C 10 H 22 N 2 requires C = 70*6 ; H — 12*9 per cent.). On the addition 
of picric acid, dissolved in alcohol, to an alcoholic solution of the 
base the monopkrate is first precipitated in intense yellow crystals, 
but this gives place to the di picrate, which is very much mom 
sparingly soluble. 

This characteristic derivative is practically insoluble in boiling- 
ethyl or butyl alcohol, but crystallises from hot acetic acid, in which 
it is also sparingly soluble, in bright yellow, hair-like needles which 
darken at 250° and melt at 25S J with decomposition (Found: 
C = 42*1 ; H = 4*2. C 2 2H 2S 0 14 X 3 requires C = 42*0; H=44 
per cent.). 

$-Phen ifl trieth i/la mine {Formula Y). — Piethylaminomethvl w-biityl 
ether (24 grams), diluted with an equal volume of ether, was 
cautiously added to an ethereal solution of magnesium benzyl 
chloride (21 grams of benzyl chloride, 4*4 grams of magnesium). 
When the vigorous reaction was finished, the mixture was gently 
heated during a few minutes and the base isolated in the usual 
manner and finally purified by distillation in a vacuum. The 
colourless oil boils at 103 /8 mm. and not quite without decom- 
position at 223 ,; 763 mm. (Found : C - 81*5; H. — 10*8. 
requires C = 81’4 ; II — 10*7 per cent.). The odour of this sub- 
stance is faintly basic and also recalls that of phenvlothyl alcohol. 
It combines readily with methyl iodide to a viscid, yellow liquid 
which crystallises on standing, and this rndhiodidc, which is very 
readily soluble in alcohol and moderately soluble in benzene, 
crystallises from ethyl acetate in elongated, rectangular plates 
showing a tendency to twin and melting at IDO 1 '. The substance 
was dissolved in water and the solution rendered strongly alkaline 
by means of potassium hydroxide. The quaternary ammonium 
hydroxide which separated decomposed readily on heating and the 
products were removed by distillation in steam. Styrene, b. f 
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l44°/772 mm., and methyldiethylara ine ohloroplatinate were 
isolated and readily identified. 

a- Hommaphthykiiethijlamine (Formula VT).— This substance was 
prepared from a-bromonaphthalene (20 grams), magnesium (2‘7 
grams), and diethylaminomethyl w-butyl ether (15%3 grams) ~i n 
precisely the manner described above in the case of P-phenyltri- 
ethylamine. Nine grams of base boiling at 1 00 /9 mm. were 
obtained. The boiling point under the ordinary pressure is 293° 
(Found : C — 84 3 ; H = 9 0. C J5 H ]# X requires C =- 84*5; H = 
8'9 per cent,.). The picrate is very much more readily soluble in hot 
than in cold alcohol and separates in beautiful dusters of golden- 
brown needles or from acetone in yellow, silky needles melting at 
136-137°. 

We desire to express our thanks to the Food Investigation Board 
for grants which have enabled one of us (G. M. R.) to take part 
in this investigation. 

Chemical Research Laboratory, 
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The University, St. Andrews. 
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LWI. I*Y€pfXY(it xoYi and li((tction$ of Iiro))iopicviti» 
By Louis Hlmkk, 


Bromopicrin was first prepared by Stenhouse (Annakn, 1854, 91, 
30 () by distillation of an aqueous mixture of picric acid, lime, and 
bromine. This method was repeated by Bolas and Groves (this 
Journal, 1870, 23, 153), who claim that t he conversion of picric acid 
into bromopicrin according to the scheme F 6 H 2 {NOo) 3 -OH — * 
JCBr 3 -N0 2 is almost quantitative. According to Scholl and 
Bxenneisen (Ber., 1898, 31 , G54), however, the product contains a 
small admixture of dibromodinitromethane. 


Orton and HcKie (T„ 1921 . 1 19. 29) were successful in modifying 
the 8tenhou.se -Hofmann process for the preparation of chloropicrin 
to suit laboratory and industrial conditions. The process described 
m the present paper is an attempt to apply the results of these 
i hc case of bromopicrin. Archetti {ML (him. farm .. 
> , 673) states that exposure of aqueous picric acid and 

Homme to direct sunlight for several months produces a yellow 
i' l ! ex P er iment lias been repeated and the oil found to be 

carbons* r °/ n( )? icr ^ n ' % waking in the presence of sodium 

e e line of exposure can be reduced to a few days, and a 
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suitable choice of conditions ensures a good yield of practically pu re 
bromopicrin. In the absence of light, the reaction proceeds in the 
same way, but requires a somewhat longer period for completion. 

The reaction follows a course similar to that proposed by Orton 
and McKie {loc. cit.) in the case of chloropicrin, hypobromous acid 
or its sodium salt being the active agent. 

I. C 6 H 2 (N0 2 ) 3 ’OH + HHBrO(from llBr 2 ) = 3CBr 3 -M) 2 + 

2HBr + 3CO a + 6H 2 0. 

II. C 6 H 2 (N0 2 ) 3 «0H + 12HBrO = 2CBr 3 *N0 2 + 6HBr + 

HNO, + 4C0 2 + 4H,0. 

Measurements of the amount of bromine required to decompose 
a known weight of picric acid, and estimations of bromide and 
bromatc produced during the reaction, give results which are in 
close agreement with the above equations. Equation I indicates 
the reappearance as bromopicrin of the whole of the nitro-groups 
present in the picric acid ; the yield in this case would amount to 
390 per cent, calculated on the original picric acid. Equation II 
requires a yield of 260 per cent., the remainder of the nitrogen 
appearing as nitric acid. Estimations of the nitrate-content of 
the liquors hv the Schulze-Tiemann method serve as a means of 
measuring the extent to which the reaction follows equation II. 
Under the best conditions — a faintly alkaline medium — the yield of 
bromopicrin can be raised to 353 per cent., the proportion of nitrate 
in the liquors being correspondingly small. 

When prepared in an acid or in a strongly alkaline medium, 
bromopicrin is formed only in poor yield, much of the picric acid 
remaining unchanged even after long exposure (see Table I). 

The chief impurity contained in the crude oil is carbon tetra- 
bromide, arising either by the further bromination of bromopicrin, 
or directly by bromination of the non-nitrated carbon atoms in the 
picric acid molecule. In no ease does the amount of carbon 
tetrabromide in the crude bromopicrin exceed 0*5 per cent. Since 
such small amounts do not materially alter the figures for total 
bromine, the carbon tetrabromide is detected only by such reactions 
as involve bromopicrin but leave the tetrabromide unaffected. Die 
reaction with caustic alkali has been used to estimate carbon tetra- 
bromide in the crude oil. 

Reaction with Concentrated Alkali. — It was observed by Holif 
and Riidel {Annalen, 1897, 294, 201) that bromopicrin reacts 
vigorously with 50 per cent, caustic potash to form potassium 
bromide and a yellow explosive salt. Although this salt was not 
examined by them, they suggested that it was the potassium salt 
of bromonitromethane, from analogy with the case of dihromo- 
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dinitromefchane (Losanitsch, Ber., 1882, 15, 471), which is attacked 
by caustic potash as follows : 

CBr 2 (N0 2 ) 2 + 2KOH = CBrK(N0 2 ) 2 + KOBr + H 2 0. 

Investigation of the reaction, however, has shown this suggestion 
to be incorrect. The yellow salt is bromine-free, and is the 
s.-dipotassium tetranitroethane which was obtained by Scholl and 
Brenneiscn (Ber., 1898, 31, 642) by the action of alcoholic potassium 
cyanide on bromopicrin. 

The yellow precipitate obtained by the action of concentrated 
potash on bromopicrin contains large quantities of potassium 
bromide and bromate, and the actual yield of the organic salt is 
small. Its formation is the result of a series of simultaneous 
reactions, the effect of which may be expressed thus * 


yA(.NU,) 

CK(X0 2 ) 2 1 T 


2CBiyNOj + 6KOH + 200, 

3K0Br -{- 3H,0. 

The nitrite is supplied by side-decompositions of the bromopicrin; 
for example, CBr 3 -X0 2 -j- OKOH = 3KBr + KX0 2 K 2 t'0 3 +’ 
3H S 0. Potassium hypobromitc is present in considerable quantity 
in the filtrate. 

Attempts to obtain the corresponding sodium salt in a pure 
state by a similar method were unsuccessful owing to its much 
greater solubility. That the reaction with concentrated sodium 
hydroxide is exactly parallel, however, is shown by the formation 
of a yellow , explosive precipitate containing bromide and having 
properties similar to those of the potassium salt. 

Reaction with Potassium ami Sodium Iodides.- In the same paper, 
IVollf and Riidel state that bromopicrin liberates iodine from 
aqueous or alcoholic solutions of potassium iodide with formation of 
a yellow, crystalline, explosive salt. Repetition of this work reveals 
he fact that the explosive salt in this case also is s.-dipotassium 
etramtroethane. The reaction may lie compared with that 
between bromopicrin and aqueous alcoholic potassium evanide 
and brenneiscn, loc. cit.), yielding the same potassium salt 
together with potassium bromide and cyanogen bromide. A series 
o equations similar to those put forward by these authors may be 
suggested and summarised thus : 


CBrj-XO* -f KI - KXOj -- CBr,I. 


2CBr 3 -X0 2 + 6KI + 2KX0, V K < X 0 2 ) 2 _ 

2 CK(XO,), 1 

After standing for some hours, the alcoholic 


liKBr - 3i 2 . 
tilt rate from the 
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potassium salts deposits crystals of potassium nitrate, without 
doubt produced by oxidation of the potassium nitrite. 

With alcoholic sodium iodide, bromopicrin liberates iodine and 
produces a yellow solid containing the corresponding sodium salt. 
The extreme solubility of the latter makes its isolation in the pure 
state impossible. 

Reaction with Sodium and Potassium Ethoxidcs . — It has been 
shown by Rose {Annahn> 1880, 205, 249) that chloropicrin reacts 
with alcoholic sodium ethoxide with formation of ethyl ortho- 
carbonate. The yield, however, is not good, and under the best 
conditions amounts only to 30 per cent, of the theoretical. It was 
thought, therefore, that the use of bromopicrin in a similar reaction 
might lead to a more satisfactory yield of orthocarbonate. This 
proves not to be the case, however, only traces of orthocarbonaki 
being formed and a yellow’ mixture containing bromide, bromate, 
and an organic salt precipitated. As in the previous experiment* 
the sodium salt proves too soluble for isolation ; but by use of 
potassium ethoxide an organic potassium salt can be obtained, 
which by its properties and analysis is shown to be s.-dipotassium 
tetranitroethane. An intermediate mixture of organic salts, the 
analysis of which suggests the presence of potassium dibromonitro- 
methane, has been isolated ; and consequently the course of the 
reaction is represented thus : 

CBr 3 -X0 2 -f 2KCK- 2 H. - 0KBr 2 -X0 2 -f KOBr + (C 2 H 5 ) 2 0. 

2CKBiyX0 2 -f 2KOC\H, -f 2KXO* = V K(X0 ^ -j- 3KBr + 
22 “ a “ lh(X0 2 ) 2 

KOBr -f H 5 ) 2 0. 

As before, the nitrite is generated by side-decompositions of the 
bromopicrin. The ether is obtained as a first fraction in the 
recovery of alcohol from the filtrate. 

In the hope of attributing the low yield of ethyl orthocarbonatc— 
at least partly to the formation of similar organic salts in the 
reaction between sodium ethoxide and chloropicrin, the salt 
mixture obtained from this reaction was examined. Very small 
amounts of organic salts were obtained, hence this contributes in 
only a small degree to the poorness of yield of orthocarbonate. 

In tlie various reactions of bromopicrin described above, the 
equations are not to be regarded as an exact representation of the 
changes going on, since side-reactions are known to occur. The 
low yield of the oiganic* potassium salt together with the high 
proportion of bromide found in the crude mixtures points to other 
and more complete decompositions of the bromopicrin molecule. 
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Experimental. 

Bromopierin.— Picric acid (10 grams) and sodium carbonate 
(AO grams) were dissolved in a litre of water, and bromine (26 c.c.) 
os added. The mixture was exposed to sunlight for a period of 
five to seven days, when the colour had faded to a light yellow and 
the layer of bromine had been replaced by a yellowish- brown oil. 
Longer exjxisures are not to be recommended, since diminution of 
field occurs. The oil was removed in a current of steam, washed 
icvcral times with aqueous caustic soda followed by water, and 
finally dried over anhydrous sodium sulphate. The product was 
practically pure bromopierin. Yield 35 grains (Found : J3r — 80 ‘73. 
Calc., Br -= 80*54 per cent.). It gave the following constants : 
in. p. 0*7 — I0'3°, d'p 2*799, \_H£\ f, 35*51 (0Br 3 *XO 2 requires 36*08). 

Table 1 indicates the yield of bromopierin and the time required 
for the completion of the reaction under various conditions, the end 
of the reaction being judged roughly by the fading of the bromine 
colour. The table refers to 10 grams of picric acid, 26 c.c. of 
bromine, and 1000 c.c. of water. The equivalent proportions of 
sodium carbonate are calculated on the weight of picric acid used. 

Tabu; 1. 

Yield of 



hrornojacmi 

Time of 


]"-t win. 

reaction. 

Xo sodium <•« r bon at e 

285 

ti week* 

ocquivs. Y.i.,CO a (li t) grams) 

330 

3 f , 

10 „ Xa/.'Oj {23-2 M ) 

342 

lu — 14 da vs 

n Xa 2 COj (.14 7 ) 

342 

10 

20 ., XaX'O, (40-3 „ ) 

350 


,1 O 3 (5 1 ’!) ,, j 

353 

5 tt 

30 „ Na.CO s (UiHJ „ ) 

353 

5 

100 grams NaOH 

10O 

2 weeks 

100 „ H,SO t 

140 

I’ntinisbed 
alter 8 weeks 


s.-Dipokmium Tt Iran it roe-thanc, ^ (a) Hu the action 

c(Xo 2 ):x(K)K • 

0 / caustic potash. Bromopierin was slowly added in small amounts 
to a cooled solution of potassium hydroxide (Iv(.)H : H.,0 - 1:1). 
A pale yellow solid immediately separated and the oil became semi- 
^hd. After a short time, a violent reaction commenced with 
considerable heating and further separation of the yellow salt, 
dhc precipitate contained potassium bromide and bromate together 
^ith the organic salt. Owing to the comparative insolubility of 
potassium bromate, numerous crystallisations from water were 
necessary to obtain the pure organic salt, thus entailing great loss, 
y addition of carbamide to the reaction mixture no bromate is 
onued, and there is no need for repeated crystallisation. 

1* 2 
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To 5 grams of carbamide, dissolved in 50 c.c. of 50 per cent, 
caustic potash, 25 grains of bromopicrin were slowly added with 
cooling. The precipitate was washed with alcohol, and thereafter 
two crystallisations from hot water yielded a pure product. Yield 
of crude mixture (uncrystallised), 18 grains. Yield of pure di- 
potassium tetranitroethane, 0*5 gram. 

«?.- Dipotassium tetranitroethane prepared in this way is a bright 
yellow, crystalline powder, most easily crystallised from aqueous 
alcohol. It explodes on heating at 269—273°, or by contact with 
strong acids (Found : K — 27*3; N = 19*33. Calc., K = 27*3; 
N = 19*58 per cent.). 

(6) By the action of potassium iodide , Twenty-five grams of 
potassium iodide were dissolved in 500 c.c. of 90 per cent, alcohol. 
On addition of bromopicrin, a yellow, crystalline precipitate was 
immediately formed and iodine liberated. Considerable rise of 
temperature was observed. Addition of bromopicrin was continued 
in small amounts until a test portion of the liquor no longer gave a 
precipitate with bromopicrin. The amount of bromopicrin required 
was 33 grains. The precipitate, consisting of potassium bromide 
and the organic potassium salt, was collected, washed with alcohol, 
and dried. Yield 12 grams. Two crystallisations from water 
yielded pure dipotassium tetranitroethane (2*3 grams), explosion 
point 272° (Found : K = 27*13 ; N = 19*03 per cent.). 

(c) By the action of potassium cthoxide. To 12 grams of potassium, 
dissolved in 150 c.c. of absolute alcohol, 25 grams of bromopicrin, 
dissolved in 30 c.c. of alcohol, wore slowly added with frequent 
cooling, a cream-coloured precipitate immediately forming. When 
the addition of bromopicrin was complete, the mixture was wanned 
cautiously on the water-bath until a vigorous ebullition set in. 
At this stage the precipitate changed colour to orange and a con- 
siderable quantity of nitrogen was evolved. When the reaction 
had moderated, the mixture was boiled on the water-bath for half 
an hour, cooled, and iiltered. Yield 33 grains. Two crystallisations 
from hot water gave 0*8 gram of the pure salt, explosion point 
269—273° (Found : K - 27*39 per cent.). 

A reaction similar to that with potassium cthoxide is obtained 
by use of alcoholic potash, but the yield of pure salt is not good 
Carbamide or phenyl hydrazine may be used to facilitate reaction, 
although the yield of the salt is not appreciably increased. 

8 . -Dipotassium tetranitroethane, prepared by any of the atone 
methods, exhibits general properties which agree with those o j e 
salt described by Scholl and Brenncisen [toe. cit.). It ua* 
identified with this compound by its decomposition with acui 
yielding dinit romethane ; the preparation of the conespon 
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silver salt (Found: Ag — 51*2. Calc., Ag = 50*9 per cent.); 
and its bromination in aqueous solution, yielding tribromotrimtro- 
ethane (Found : Br — 58*9. Calc., Br = 59 '7 per cent.). 

Table II compares the yield of dipotassium tetranitroethane 
when prepared by the various methods. Potassium cyanide is 
the reagent used by Scholl and Brenneisen, the yield of the organic 
salt having been worked out from the method of preparation given 
bv these authors. The table shows that the most convenient and 
economical method for the preparation of s.-di potassium tetranitro* 
ethane is by use of potassium iodide. 

Tahle II. 


Keagenf. lirumcipicriri. Crude product. Pure salt. 

KOH (50 grains) 2."* grains IS grains 0-5 gram 

KI (18-8 grams) -a „ S-2 „ 1-5 grams 

KOEt {K 12 grams) 2a 33 „ 0-8 gram 

KCX (23-5 grams) 2a ,. tl'.l ,, 1-7 grams 


Estimation of Carbon Tdmbrom id(‘ in the. Crude Hromopicrin . — 
A known weight of the crude oil is decomposed with 50 per cent, 
caustic potash or soda. The precipitated solid is filtered through a 
porous crucible and washed with alcohol. On diluting the washings 
with water, the whole of the carbon tetrabromide contained in the 
original oil is precipitated. It is collected, dried, and weighed. 
After one crystallisation from alcohol, a specimen melted at 92 — 93° 
(Found: Br — 90*3. (.‘ale., Br - 9f>*4 per cent.). Using this 
method of estimation, it is found that the erude oil contains least 
carbon tetrabromide when prepared in an alkaline medium : and 
that protracted exposure to light, especially with excess of bromine, 
tends to increase the proportion of carbon tetrabromide. 

The author wishes to express his thanks to Professor K J. P. 
Orton, F.R.S., for his help and criticism. 

University College or Xu am Walks, 

Bamjok. lit ,; <.>.?, ‘An: 1 ,, ]<j23.| 


LXYII . — The Constituent# of Indian Turpentine, from 
Pinus longifolia, Roxb. Part II. 

By John Lionel Simonsen and Madyak Gofai. Kau. 

In Part I of this series (T., 1920, 117, 570) the isolation of a new 
dieydic terpene was described and it was suggested that the con- 
stitution of this interesting hydrocarbon, to which the name 
d-carene was given, was represented by either formula I or II. 
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<?H*Ac CO a H 
CH, CH 

\ /\ 

CH— CMe, 

(III.) 

It was not at the time found possible to decide definitely which 
of these two for mu Ice correctly represented the constitution of the 
terpene, although formula I (d-A 3 -earene) was considered the more 
probable. The evidence adduced in favour of this formula may be 
summarised as follows : (i) on treatment with hydrogen chloride 
a mixture of dipcntenc and sylvestrene dihydrochlorides resulted- 

(ii) on oxidation with potassium permanganate in alkaline solution 
at 0° } a glycol, C l0 H 18 O 2 , and dimethylmalonic acid were obtained: 

(iii) oxidation in hot alkaline solution with potassium permanganate 
yielded /ra/M-caronic acid ; and (iv) the molecular refraction was 
normal, indicating the absence of any conjugated system. 

A recent investigation of the terpene isolated from the essential 
oil from Amlropogon Jvarancusa , Jones (T., 1922,121, 2292) has 
shown that this terpene is in all probability d-A 4 -carcne (II). This 
conclusion was based on a ^tudy of its reaction with hydrogen 
chloride, when dipentene and sylvestrene dihydrochlorides were 
formed, and by T the fact that on oxidation in acetone solution with 
potassium permanganate there resulted a keto-acid, C 10 H„O s , 
which there can be little doubt was 1 : l-dimethyl-2-y-ketobiityl- 
cyc/opropane-3-carboxylic acid (HI). It may further be men- 
tioned that this hydrocarbon, unlike the hydrocarbon from P. 
longifolia, had a very high molecular refraction. 

Since the oxidation of d-A 4 -carene proceeded very smoothly 
in acetone solution, we decided to investigate the behaviour of 
d-A 3 -carene under similar experimental conditions in the hope of 
isolating an isomeric keto-acid of the formula C 10 H 16 O 8 . Contrary 
to our expectation, no trace of a keto-acid appeared to be formed, 
a very complex mixture of acids resulting. A prolonged examina- 
tion of these has, in our opinion, definitely proved that the hydro- 
carbon under investigation cannot possibly be represented by formula 
II and is therefore d-A 3 -caronc (I). 

The separation of the oxidation products was a matter of consider- 
able difficulty and is described in detail in the experimental portion 
of this paper (p. 554). It was found possible to separate (i) dimetlnl- 
malonic acid, (ii) (w.-dimcthylauccinic acid, (iii) o'*- ami t ma- 
caronic acids, (iv) a dibasic acid, C 8 H 12 0 4 , in. p. 130 — 137°, and 
(v) two laevorotatory hydroxy- dibasic acids, C 10 H 16 O 3 , m. p- 133 


CMe 

/\ 

CH CH a 

CH 2 CH 

\/\ 

CH-CMe a 

(I.) d-A s -Ciirene. 


CMe 

/\ 

CH, CH 

ch 2 2h 

\/\ 

CH-CMe 2 

(II.) (/-A 4 -Carene. 
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and 192°. In addition to these crystalline acids, which could not 
unfortunately be separated in large quantity, considerable amounts 
of liquid and resinous acids were formed which it has not up to the 
present proved possible to purify. * 

The two hydroxy-acids, which were quite stable to potassium 
permanganate in alkaline solution, were found to be a-hydroxv 
acids, since on oxidation with an acid solution of potassium per- 
manganate they were converted quantitatively with loss of carbon 
dioxide into two isomeric keto-acids of the formula C H 0 
Unfortunately neither of the keto-acids could be induced to crystal' 
Use, but they were readily distinguished by the preparation of the 
semicarbazones. The a-acid (m. p. 133°) gave a teo-acid which 
yielded a semicarbazon e melting at 1 79 — 1 80°, whilst the semicarbazone 
of the teo-acid derived from the fi-acid (m. p. 192°) decomposed 
at 209°. The former semicarbazone was optically inactive whereas 
the latter showed a strong kevorotat ion, a point which will be referred 
to subsequently. 

It was at once obvious that the two hydroxy-dibasic acids must 
be represented by formula VII and at first it appeared to us possible 
that d - carene was the ^-derivative (V), oxidation having proceeded 
in accordance with scheme B. 


A. 


CMe*OH CMc-OH 

/\ / V 


CMe-OII Ole-OH 


(I) OH-CH CH 2 
CH, CH 


. 5 ° 




ou-c ch 2 

CH CH 


COJI CH, 
C'0 2 H 6h 



CH-CMe 2 

CH- 

CMcj CH-CMe 2 

CH-CMe, 

B. 



y 

S* (Vii.) 

CHJIe 

/\ 

CHMe 

CH.Me 

co 2 h 

V H * . 

CH CH 

\/\ 

. OII-CH 
OH-i'II 

CH 2 

CH 

w COjH CHj 

C’OjH CI1 

\ 

CH.y 
CG 2 H CH 


CH-CMe 2 

(V.) 


CH-CMe s CH-CMoj 

(VI.) 


CH - (.'Me, 

(VIII.) 


Carefui consideration has, however, led to the conclusion that it 

Xj,g ™r nhkdy * hat rf ' Carene l ' an be rt, P rt “ s ™tcd by formula V. 

accepw of thTr t0 , US t0 bP C ° gent ar 8 uine “ ts against the 
n y 77 \ -it V^ 1 . f0rmu a: ^ oxitia tion of the glycol (loc. cif. 

the oxiLiof ? d ; i0e8 n0t appCar t0 yicld a ^ketone, since 
Thusno eirf 1 TCtct with ^nylenediamine, 

in the glycol^? £ th ® , prescnce of secondary' alcohol groups 
glycol was obtained, (ii) A dibasic acid of fonnula VI could 
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not be detected amongst the products of the oxidation, (iii) The 
formation of dipentcnc and sylvestrene dihydrochlorides by the 
action of hydrogen chloride would require a molecular rearrange- 
ment. (iv) A hydrocarbon of formula V would he expected to show 
a high molecular refraction, since the double linking is conjugated 
with the cyclopropane ring. 

In the authors’ opinion, there can be little doubt that the oxidation 
has proceeded in accordance with scheme A. Although the lurch an. 
ism is somewhat unusual, it is not without analogy, since Wallach 
{Anwlen, 1907, 356, 206; 1908 , 362, 263) has shown that 1:2:4. 
trihydroxyterpane (IX) on oxidation with potassium permanganate 
yielded ax'-dihydroxy-a-methyl-a'-isopropyladipic acid (X), the 


oxidation having proceeded as formulated below. 


CMe-OH 

CMe-OH 

CMe-OH 

CMe-OH 

/\ 

/\ 

/\ 

/\ 

ch 2 ch-oh 

ch 2 CO _ 

CH, C-OH 

v r 2 ii 

ch 2 co,h 

OH, CH 0 

ch 2 ch„ 

ch 2 ch 

cm., cuh 

\7 

\/ 

\ / 

\ ■„ 

CPr^-OH 

(W-OH 

(Tr^OH 

CPrH)R 


(IX.) (X.) 

Owing to the very limited quantity of the hydroxy- and dibasic 
acids which could be separated in a pure state, it was unfortunately 
not found possible to examine their properties in any detail. The 
a-hydroxy-acid (m. p. 133°), which was found to he slightly laevo- 
rotatory, gave, when heated with acetyl chloride, a lactone melting 
at 174 — 175°, w’hilst at the same time partial isomerism to the 
2-acid, melting at 192°, took place. From the fact that it yielded 
a lactone, from which the original acid was regenerated on treatment 
with alkali, it may be assumed that the hydroxy-group and carb- 
oxyl group were in the r/s -posit ion, but no further evidence as 
to its configuration w 7 as obtained. 

The 2-acid w’as not attacked by acetyl chloride, being recovered 
unchanged after prolonged treatment with this reagent. Attention 
has already been directed to the observation, that the semiearbazone 
obtained from the keto-acid derived from the x-hydroxy-add 
(m. p. 133 c ) was optically inactive, whereas that derived from the 
isomeric 2-acid (m. p. 192°) was optically active. From this the 
conclusion may be drawn that the inactive semiearbazone (m. p. 
179 — 180°) is the semiearbazone of the ciVketo-aeid, since, as has 
been clearly showm by Aschan ('* (.’hemic der alicyclischen U i r- 
bindungen,” p. 439) in the ease of the cis- and (rans -forms of caronic 
acid, the cw-acid is incapable of resolution. The active semicarb- 
azone, m. p. 209°, must therefore be derived from the /rams -keto-acid. 
This theoretical conclusion was partly confirmed experimental]} • 
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When the cw-keto-acid was oxidised with alkaline hypobromite 
solution, a dibasic acid, ro. p. 136— 137°, was formed which was 
identical with the dibasic acid C 8 H 12 0 4 referred to above as 
having been isolated directly from the mixture of oxidation acids. 
This acid, for which the name homocaronic acid (VIII) is proposed, 
was found to be a as -acid, since it readily yielded an anhydride 
when treated with acetyl chloride. Unfortunately, the trails - 
keto-acid was not obtained in sufficient quantity for the preparation 
of the corresponding tra ns -homocaronic acid. 

It was not found possible to obtain direct evidence for the con- 
stitution of cjs - homocaronic acid and of the presence of the cyclo- 
propane ring. When treated with hydrogen bromide at 100°, a viscid 
oil resulted which was free from terpenylie acid, since it gave a readily 
soluble barium salt. Although the acid was not acted upon by 
bromine in either chloroform or acetic acid solution, its alkaline 
solution was somewhat readily attacked by potassium permanganate 
in the cold. It is not impossible that this property is due to the 
fact that the cyclic acid tends to isomerise to one of the corre- 
sponding unsaturated acids XI, XTI, or XIII, a type of reaction 
which is now being studied by Thorpe and his collaborators in a 
notable series of researches (T., 1922, 121, 651 and subsequent 
papers). 

(VIII.) — > CMe 2 :C(C0 2 H)‘CH 2 *CH a *CG 2 H (XI.) 
CHMe 2 *C(C0 2 H);CH*CH 2 *C0 2 H C0 2 H-CH:C(CHMe 2 ) ’CTL-COpH 

(XII.) (XIII.) 

It is hoped to attempt the preparation of these acids synthetically, 
and in the meantime the formula for cis - homocaronic acid cannot 
be considered as definitely established, although the simultaneous 
formation of ciVs-caronic acid would appear to support the correctness 
of the formula. 

The remaining products isolated from the mixture of oxidation 
acids, &$.-dimethylssuccinic acid and dimcthylmalonic acid, require 
no comment, since they represent the final products formed by the 
degradation of the cyc/opropane ring structure. 

KxpERI 31 E N T A L. 

To the terpene (40 c.c.), dissolved in pure acetone (400 c.e.) 
and kept at 0°, finely powdered and sieved potassium permanganate 
graras ) was gradually added, with vigorous stirring. Oxidation 
proceeded slowly, and approximately forty-eight hours were required 
or the addition of the permanganate. When oxidation was com- 
P e « tie manganese dioxide was separated and well washed with 
ace one. It was then repeatedly extracted with boiling water until 
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the filtrate was perfectly colourless, at least ten extractions being 
required. The deep brown extract was concentrated on the Water, 
bath to a small bulk in a current of carbon dioxide. After extraction 
with ether to remove a small quantity of neutral oxidation products 
the solution was made acid with dilute sulphuric acid, when a brown 
oil separated. The oxidation acids were extracted with ether 
five extractions being made in the usual manner, and the remainder 
of the very soluble acids obtained by extraction in a constant, 
extraction apparatus. The combined ether extracts were dried 
and the ether evaporated, when a deep brown, viscid oil was obtained 
wdiich smelt strongly of acetic acid (yield 110 grams from 200 c.c, 
of terpene). 

In order to separate the acids they were converted into the esters, 
and as the yield by the usual method of esterification was poor 
the following method was adopted with satisfactory results. The 
crude acid, mixed with alcohol (200 c.c.) and sulphuric acid (20 c.c.), 
was heated on the water-bath in an apparatus provided with a 
fractionating still-head w’hile alcohol vapour (from 2 litres of alcohol) 
was passed through the mixture (compare Ingold and Jlickolls, 
T., 1922, 121, 1043). The ethereal extract of the esters was washed 
with sodium carbonate solution, dried with potassium carbonate, 
the ether evaporated, and the residual oil distilled under diminished 
pressure (yield 92 grams *). 

The esters consisted of a very complex mixture and it was not 
found possible to separate any fraction of constant boiling point. 
Ultimately the following fractions were obtained at 67 mm. : 
(a) below 150 3 , (6) 150— ISO 3 , (c) 180— 190 3 , (d) 190— 200 J , (c) 200— 
220 °. 

Fraction (a) (B. p. below 150767 mm.). — This fraction, which 
weighed only 2 grams, was a colourless, mobile oil with a pleasant 
smell. The acid, obtained by hydrolysis with alcoholic potassium 
hydroxide and extraction with ether in the usual manner, separated 
immediately as a crystalline solid. After draining on porous porce- 
lain, which removed a trace of adherent oil (probably wobutyric 
acid), it was found to decompose at 180°. Tt crystallised from 
benzene in prisms which decomposed at 190° with slight previous 
softening and was identified as dimethyhnalonic acid by the method 
of mixed melting point. 

Fraction (5) (B. p. 150 — 180'/fi7 mm.). — This fraction (29 grams) 
gave on analysis C -- 64-9 ; H -= 8*9 per cent. After hydrolysis 
with alcoholic potassium hydroxide and extraction with ether, 

* The yield of ester was nearly quantitative, since the sodium carbon flU 
washings only contained 1 gruni of acid. The alcohol distillate cent aim 
a quantity of ethyl acetate and also of a second ester, possibly ethyl rVobutjrflte- 
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a Viscid, yellow ofl was obtained which, on keeping, slowly partly 
crystallised. The mixture of acids was found to be best separated 
in the following manner. The acids were converted into the ammon- 
ium salt, and the aqueous solution evaporated to dryness on the 
water-bath and finally kept for some days in a vacuum desiccator 
over sulphuric acid until completely anhydrous. On trituration 
of the ammonium salt with absolute alcohol, a crystalline solid 
separated; this was collected (A) and the filtrate once more evapor- 
ated on the water-bath to remove the alcohol. The residual oil 
was dissolved in water, made faintly alkaline with ammonia 
and boiled with excess of calcium chloride solution, when a 
sparingly soluble salt (B) was precipitated. The filtrate obtained 
after removal of the calcium salt was acidified and the organic 
acids were recovered by extraction with ether (C). 

The sparingly soluble ammonium salt (A) (13 grams) was decom- 
posed with dilute sulphuric acid, and the crystalline acid which 
was deposited taken up with ether, and the ether evaporated when 
a solid remained which melted at 211—212°. It crystallised from 
water in prisms melting at 213°' and was identified as /m«. S -caronic 
and by analysis (Found : C = 53-3 ; H = 6-5. Calc., C = 53-> - 
H = 6-3 per cent.) and by the method of mixed melting point 

The sparingly soluble calcium salt (B) yielded an acid which 
crystallised from toluene in needles melting at 138— 140° and was 
identified as os.-dimethylsucemic acid by the method of mixed 
melting point. 


me crude mixture of acids (C), on keeping for some davs in a 
vacuum desiccator, partly crystallised. After trituration with 
benzene, the crystals were collected and boiled with chloroform 
cr - vstalline remained which decomposed 
at (4-1 <o This melting jioiiit was unaltered bv recrvstallisation 

mm water and the acid was identified as ns-caronio acid bv analysis 
(Found : C 53-4 ; H --- 0-4. Calc.. 0 = 53-2 ; H 1 6-3 per 

wSutST*” into t " rebic apid bv lu ' R,ing wi,h W"- 


ca™! • , f Whi0h mnain( ‘ d ">*• separation of the «>. 
ivithTn eve P ? < " ( ' <ln0 furthor *»« «>" taping and wore mixed 
in a sealed tTl ^ aml hra,( ' (i *' 230° for hours 

tion at the oH°' Af " m ° Vinp " K> aootie onhydride hr distilla- 
Z ,h ° ™ dH *- " a * distilled at 17 mm.. 

wSzirr wrc r ht r d : (i) iwv - ,a> -- <"> ^-i^ • 

*stillatio„ivi7T “ r !” rry r0sid, "‘ r< ' n,aini ’d in the 
fractions whiel hlch . ,l, ' 0o,n i ,, ' s cd on further heating. The three 

were rec^ue.tl 'mt T * 0dium rarb ™ a <" "Intion. 

nto the corresponding acids. Fraction (i) was 
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found to consist solely of caronic anhydride ; fraction (ii) consisted 
mainly of caronic anhydride mixed with a small amount of a second 
acid. The cis- caronic acid was readily separated in a pure state 
by conversion into the ammonium salt and precipitation of the 
latter from alcoholic solution with ether. From the ether-alcohol 
solution a second acid was recovered, but not in sufficient quantity 
for examination. 

Fraction (iii) was found to be only very slowly hydrolysed by 
hot water. It was therefore treated with a hot aqueous solution 
of sodium hydroxide and the acid recovered in the usual manner 
by extraction with ether. The viscid oil thus obtained crystallised 
partly on keeping. After trituration with benzene, the solid was 
collected and recrystallisod from hot water, from which it separated 
in rosettes of needles melting at 137°. It was identified as cis- 
homocaronic acid (see below r ) by the method of mixed melting 
point. 

The benzene solution from which m-homocaronic acid had been 
separated yielded on evaporation a considerable quantity of liquid 
acids which could not be purified. 

Fraction (c) (B. p. 180— 190°/G7 mm.).— This fraction (17 grams), 
which consisted of a somewhat viscid, faintly yellow oil, was hydro- 
lysed with alcoholic potassium hydroxide solution and the acid 
isolated by extraction with ether. On long keeping in the ice chest, 
the viscid, brown oil thus obtained slowly deposited a small quantity 
of a crystalline solid. This was washed with benzene and purified 
by repeated crystallisation from hot water and finally from toluene. 

cU- Homocaronic acid (VI II) crystallised from hot water in very 
characteristic rosettes of prismatic needles which melted at 13G— 
137 c , and this melting point was not altered by further crystallisa- 
tion. It was only sparingly soluble in chloroform, benzene, or 
cold water, readily in hot water or hot toluene (Found : 0 — aa'fl; 
H - 6*7. C 8 H 12 6 4 requires 0 - 55*8; H - 70 per cent.). The 
acid did not yield satisfactory results on titration, but the 
silver salt, which separated from a faintly alkaline solution as a 
caseous white precipitate, gave a correct value (Found : Ag = 5o‘S. 
C 8 H 10 O 4 Ag 2 requires Ag ~ f>.VQ per cent ). The reason for the 
unsatisfactory results obtained on titration could not be determined. 

ciVHomocaronic acid was not attacked by bromine in either 
chloroform or acetic acid solution even on warming; "hen it 
dissolved in a dilute solution of sodium carbonate and treated with 
a drop of potassium permanganate solution, the colour was some- 
what rapidly discharged at 0\ When the acid was heated wit ) 
acetyl chloride on the water-bath for a short time, and the 
of acid chloride removed in a vacuum over potassium hydroxi e. 
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a viscid oil was obtained which was iasoluble in hot water or cold 
alkalis. It evidently consisted of the anhydride and when boiled 
with water for some time gradually dissolved, the original acid (m. p, 
136—137°) crystallising from the aqueous solution on cooling. 

The viscid oil from which the cis-homocaronic acid had been 
separated could not be induced to crystallise. After treatment 
with acetyl chloride, a small quantity of b-l-i-hydroxy-Z-carboxy- 
a : 1 : Urimetkyleyc\opropane-2-propionic acid (see below) was 
isolated, but the bulk of the product could not be obtained 
crystalline. 

Fraction {d) (B. p. 190 200°/67 mm.). — This fraction on redis- 
tillation was found to boil mainly at 184 — 185745 mm. (Found : 
C — 62*3 ; H = 8*7. C u H 24 0 5 requires C — 61*7 ; H = 8*8 per 
cent.). After hydrolysis with alcoholic potassium hydroxide 
solution, an acid was obtained as a viscid brown oil, from which 
fine needles slowly deposited. The separation of the mixture of 
isomerides offered much difficulty owing to the presence of resinous 
impurities. The partly crystalline oil was triturated with cold 
water and the sparingly soluble portion (A) separated by filtration 
through a hardened filter-paper. The filtrate was evaporated on the 
water* bath and finally completely dehydrated in a vacuum desic- 
cator over sulphuric acid, when the residual oil partly solidified. 
After grinding with a small quantity of benzene, the crystals were 
collected and purified by repeated crystallisation from benzene. 
The original filtrate (B) was reserved for later investigation. 

a-h x- Hydroxy-3-ca rboxy - a : I : \-tri melh i/fcycl o propa ne-'2- p rop ion ic 
acid (VII) crystallised from benzene in well-formed, glistening 
prisms which melted at 132 — 133 \ It was extremely readily 
soluble in water and in all the ordinary organic solvents with the 
exception of benzene and light petroleum! In alkaline solution 
it was stable to potassium permanganate solution (Found : C — 55 , 5; 
H — 7'4; .17-215. ( , 10 H 16 O 5 requires C — 5.V6 ; II = 7*4 

percent.; .If = 216). In chloroform solution, the acid was slightly 
laworotatory, [a] D — 8*7*'. 

The silver salt separated from a faintly alkaline solution as a 
remarkably gelatinous precipitate which could be filtered and washed 
only with difficulty. It darkened somewhat rapidly on exposure to 
ight (1 mind : Ag - 49*8. V^H^CVAg., requires Ag = 50*2 per 
cent.). 

The sparingly soluble acid fraction (A) (see above) was dissolved 
iu ot water and the solid which separated purified bv crystallisation 
k-om dilute methyl alcohol. : 1 : l-tri- 

me U cycloprojxi nc-2 -prop i on ic and (VII) crystallised in glistening 
Pnsms which melted at 192 and decomposed slightly above this 
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temperature. It was very much more sparingly soluble in all the 
ordinary solvents than the a-acid (Found: 0 = 55*8; H = 7 - 2 . 
M = 215. C l0 H 16 O 5 requires 0 = 55*6; H = 7*4 per cent.- 
J/ = 216). In chloroform solution, [a] D — 24*36° was observed. f n 
alkaline solution, the acid was found to be stable to a solution of 
potassium permanganate. 

The benzene filtrate (B) (see above) from which the a-acid had 
been separated was, after removal of the solvent, heated on the 
water-bath for some time with an excess of acetyl chloride. After 
evaporating the acetyl chloride in a vacuum over potassium hvdr- 
oxide, a brown resinous oil remained from which a small further 
quantity of the (3-acid was obtained, but the bulk of the oil could 
not be crystallised. 

Action of Acetyl Chloride on a-l-a-f/yd roxtp'S-ca rboxy-m : 1 ; 
tri melhylcydopropa ne-'l-propi on ic Acid. 

In one experiment, the a- hydroxv-aeid (1 gram) was mixed with 
acetyl chloride (5 c.c.) and heated on the water-bath for one hour. 
After removing the acetyl chloride and acetic acid, a crystalline solid 
remained which melted indefinitely at 145°. On fractional crystal- 
lisation from benzene, an acid was obtained in glistening leaflets which 
melted at 174 — 175° (Found : C = 60*0; H = 6*0. 0 H i 4 0 4 requires 
0 = 60*6 ; H = 7*1 per cent.). The lactone of the a-hydroxy-acid was 
extremely readily soluble in cold water and on titration with cold 
barium hydroxide solution was found to behave as a monobasic acid 
(Found: M — 198. Calc., M = 198). It was unfortunately not 
obtained in sufficient quantity for a molecular- weight determination, 
but was in all probability the 5-lactone of the hydroxy-acid. When 
boiled with alkali, it was reconverted into the hydroxy-acid, but 
it could be crystallised unchanged from water. 

From the benzene from which the lactone had been crystallised 
an acid was obtained in small quantity which melted at 192’ and 
was identified as the [3- acid, which had been formed by isomerisation 
of the a-acid. 


Oxidation of a- and {3 -] - a- Z/yrf roxy - 3 - ea rbox y-x: 1 : I drimdhjl- 
cy clop ropa ne - 2-p ropion ic Acid*. 
cis-1 : l-Dimethyl-'l-^-kdopwpylcyAoprojxi m -'1-carhoxyUc Acid— 
As the result of a number of comparative experiments the following 
method was found to yield tlu; most satisfactory results. The 
a-hydroxy-acid (1 gram), dissolved in water (5 c.c.), was gradual)} 
treated with a mixture of potassium permanganate (0*28 gram), 
sulphuric acid (0*28 gram), and water (6 c.c.), the temperature 
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bring kept at a ^ out during the addition. Oxidation took 
ilaee readily with evolution of carbon dioxide, and after warming 

70° for a short time the clear reaction mixture was saturated with 
ammonium sulphate, when a colourless oil separated. This was 
taken up with ether and the ether dried and evaporated. The viscid 
y w hich showed no signs of crystallising even when kept for some 
weeks, evidently consisted of the cis-keto-acid, since on treatment 
with semicarbazide acetate it was converted quantitatively into the 
mnicarbazone. The semicar bazone, which was somewhat sparingly 
soluble in cold water, more readily in hot, crystallised from dilute 
methyl alcohol in small plates which sintered at 177° and decomposed 

| 79 — 180° (Found : (J ■=. 53*1 ; H — 7*8. C 10 Hi 7 O 3 X 3 requires 
p = 52*9 ; H — 7*5 per cent.). In acetic acid solution it was found 
to be optically inactive. 

When the ke to -acid was oxidised with sodium hypobromitc 
solution under the same conditions as were used for the oxidation 
of (/-l : l-dimcthyl-2*yketobutyIc<|/c/opropaiie-3'carboxylic acid (loc. 
d(.. p. 2297), a quantitative yield of ns-homucaronic acid, melting 
at 136 — 137 c , W'as obtained. This acid was found to be identical 
in every way with the specimen of c/s-homocaronic acid isolated 
directly from the oxidation of r/-A 3 -earone. 

I - trans -1:1* Dun c thyl-'l - ft - kitoprupyhych) propn n c - *2 - carboxylic 
Acid.— This acid was obtained us a very viscid, colourless oil when 
the (3-acid was oxidised with an acid solution of potassium per- 
manganate under the same conditions as were used for the oxidation 
of the a-acid, except that owing to the sparing solubility of the acid 
it was found convenient to keep the temperature at 70' during the 
whole reaction. 

On treatment with semicarbazide acetate the sanicarbazonc 
separated as a very sparingly soluble, crystalline powder, which 
was purilied by reerystaHisation from a mixture of alcohol and acetic 
add. It crystallised in beautiful, hexagonal prisms which, when 
rapidly heated, decomposed at 209' (Found : t 1 ■ - 53*1 ; II -- 7*8. 
CioHi 7 0 3 N 3 requires C — 52*9; H ~ 7*5 per cent.). In acetic acid 
solution, it was found to be strongly Ucvorotatory, [*]„ — 70*98" being 
observed. 

I nfortunately the koto* acid was obtained in insufficient 
quantity for conversion into the corresponding dibasic acid. 

i motion (<?) (B. p. 200 — 220S07 mm.).— This fraction, which 
consisted of a very viscid, brown oil, yielded on hydrolysis an 
extremely resinous acid. It was found possible by extraction 
with cold water to separate a small quantity of the a-hydroxv- 
but the greater portion consisted of an uncrystallisablc 

re.dn. 
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LXVIIL Complex Metallic Ammines . Part 17//, 

The Introduction of Di - and Tri-basic Organic 
Acid Radicles into the Pentamminecobalik 
Complex. 

By James Cooper Buff. 

Carbon atopentamminecobaltic salts differ from the normal type 
of acidopentammine salts in that only one limb of the carbonate 
radicle is directly linked to cobalt in the co-ordination sphere, and 
it is usual to regard the other limb as attached to the complex in 
the form of a “ bound ion, as in formula I. 

° ' . m i 

(h> rC0 x O-l 0,Cr-(>Co(NH 3 ) 5 I X ,n.) 

I o-co(xh 3 ) 5 r L “ J 

Other salts of this type which have been definitely characterised 
are the ehromato-, sulphato-, sulphite-, and oxalato-salts. 

The introduction of dibasic organic acid radicles, other than 
oxalate, in a similar form does not appear to have been described 
hitherto, or has not previously been found to be possible. The 
methods used by Jorgensen (Z. anorg . ('hem., 1S96, 11, 426) for the 
oxalatopentamminecobaltie salts have been tested with inalonic 
acid and the other acids of the same series, but without the desired 
result. It has, however, been found possible to use two methods, 
namely (1) the reaction between the dibasic acid and carbonate- 
pentamminecobaltic nitrate and (2} a modification of the moihod 
used by Briggs (T., 1919, 115, 09) for the formation of ehromato- 
pentamminecobaltic salts (formula H) in which use is made of the 
reaction between potassium chromate and aquopentamminocobaltic 

salts. 

The two methods adopted gave two new series of complex *a b 
which are discussed separately below; the results obtained J 
using the two tribasic acids, citric and orthophosphoric, in a himi ar 
way are also mentioned. 
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The Reaction between the Sodium Salts of the Oxalic Acid Series and 
Aquopentamminecobaltic Nitrate. 

Briggs (loc. cit.) used a very dilute solution of aquopentammine- 
cobaltic nitrate for the reaction with potassium chromate. In the 
present series it was found necessary to work with a concentrated 
solution, and also to have a moderately high concentration of 
sodium salt. The resulting salts fall into three classes : 

(1) Acidopcntaffimine nitrates of the carbonato-type (formula I) 
are given by only two sodium salts, those of maleic and sulpho- 
acetic acids. The two nitrates are therefore represented by 
formula III and IV : * 

a SO,-^ . 


tch-co y 

rCH 2 

Lc ! H-C0-0-Co(XH 3 ) 5 J NO 3 

/III \ 

L C0-0-Co(XH 3 ).J : 


I 111 */ (IV.) 

Sodium oxalate displaced all the nitrate and gave aquopent- 
amminecobaltic oxalate. 

(2) -This class is a series of nitrates of a new complex type repre- 
sented by formula V. 

/ Co(NH 3 ) 5 (XOj)j 


(V.) Y' 


Co(M { 3 ) 5 -X0 3 

N \( —Y (VI.) 

Co(NH 3 )j (X0 3 ) 2 n Co(XH 3 ) 5 — \0 3 

Y represents the dibasic acid radicle of the following acids 
malonic, maleic, malic, phthalie, citraconic, itaconic, glutaric, and 
adipic acids. 

Following Werner's method of nomenclature, these salts may lie 
regarded as decamminedicobaltie nitrates, in this class it is 
convenient to include the two salts (formula VI) derived from 
sodium mesotartratc and sodium methiunate. In the former 
winch contains 4H 2 0, Y is CYIL(UH) 3 (CO-0) 2 .a„di„themethio„ate 
1 IS CH 2 {S0 2 -0) 2 . 

(3) Aquopentammine salts only were obtained from the sodium 
salts of succinic, tartaric, and fumarie acids. They are represented 
'• I, in which Y is the dibasic acid radicle. 

(Vii., y/ [H s°'('«(NH 3 ) 5 F(X0 3 ) 2 

X (ff 2 0<'o(XI[ 3 ) 3 F(X0 3 ), 

from‘e,l rb °o yI T' 1 * ° f thwe th,w a ™ ls much .non- averted 
n "? ther th8n 1hoxP 0f the acids in the former two classes. 
Produet?" 8 '’!) 11 '"/’ aml ,lw> con, P #ra tive solubilities of the possible 

hi each 'eve ^°T 8ffcCt tht< nat,,rc ‘ of * hr - s “hstance obtained 
Jn tlu « connexion it will be noticed that the thn-o 
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acids, malonic, sulphoacetic, and methionic, when used in the form 
of their sodium salts, all behave differently, thus illustrating the 
modifying influence of a sulphonic group when it has replaced a 
carboxyl group. 

It will be seen that only two new salts of the type of formula 1 
have been obtained by this method. The salts in class (2) require 
special notice. They are all mauve pink, microcrystal line salts 
which are only moderately soluble in water. They hydroly^ 
slowly to aquopentammine salts. Dilute nitric acid precipitates 
aquopentammineeobaltie nitrate from their aqueous solutions, 
These properties show that they bear little, if any, resemblance to 
the usual types of decammine salts described by Werner (Btr„ 
1908, 41, 3916) in the series of decamminc-/i-aniinodieobaltic salts 
and other similar polynuclear compounds. The present series thus 
really belongs to the pentanmiine type of salts, and it is proposed 
to name them as acidodipentamminoeobaltic salts. 

The constitution indicated by formula V is based on the following 
evidence : (or) The results of analysis, the estimation of nitrate 
being of most importance, (b) The absence of water indicates 
that the salts are not aquopentammine salts. This is also sup- 
ported by the conductivity results, (c) The existence of the isomeric 
form with nitrate in the complex {formula VIII) is improbable, 


,XO, 

pf0 8 -Co(XH s )j' 

(VIII.) )v 

rX<VCo(NH 3 ) 5 l / 

-NOj 


[X0 3 -Co(XH 3 ) 5 ]Y (ix.) 


since there is no evidence that a nitrate radicle will enter the com- 
plex in a warm neutral solution of what is essentially an aquo- 
pentammine nitrate at the beginning. Even if this were probable, 
the resulting compound would be of the tyj>e IX, which docs not 
agree with any of the salts obtained, except perhaps those from 
sodium mesot art rate and sodium mothionate (compare formula U) 
( d ) The organic acids represented in this series of compounds all 
have a structure which brings their carboxyl groups close together 
in space, (e) The compounds are not mixtures of isomerides, since 
in several of the preparations the first crystals that separated and 
those that were subsequently deposited gave the same results on 
analysis. There was one exception to this, the maleato-salls . 
the "first separation corresponded to formula V, but the cn\<tal> 
which separated afterwards consisted • entirely of the compound 
represented by formula III. 

It is not ch ar why these various acid radicles should enter an 
constitute pait of the co-cudinaticn complex. Briggs (Igc. un 
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considered the formation of chromatopentammine salts to be due 
to the considerable residual affinity of the chromate radicle, which 
enables it to displace the water in the aquopentammine complex. 
He did not start with pine aquopentammine salts, hut prepared 
these in solution from the corresponding acidopentammine salts. 
The author has found that an aqueous solution of a pure aquo- 
pentammine salt, whilst it is suitable for making the chromato- 
salts, is not capable of giving pure salts of types III and V; the 
product always contains some aquo-salt, as shown by its high 
conductivity in solution. On the other hand, by starting with 
the carbonate pen tarn mine nitrate and preparing the aquopent- 
ammine nitrate in solution from this, there is no difficulty in 
obtaining salts which arc free from aquo-salts. Possibly the 
presence of sodium nitrate in the solution causes a state of equilib- 
rium between nitratopentammine nitrate and aquopentammine 
nitrate. The organic radicle may then replace the nitrate in the 
complex and thus cause the formation of more of the nitrato-salt 
until the reaction with the organic sodium salt is complete. It 
may be mentioned, in support of such a possibility, that although 
the dipcntamminc salts are only slightly soluble they separate very 
slowly from solution, a good yield being obtained in some case's 
only after several weeks. Further evidence on this point is given 
in the note at the end of the paper. 


Tfo Reaction between Acids of the Oxalic Acid Series and Carbonato ■ 
pen lam m inecobaUic Xitrate. 

1 he results obtained in this type of reaction can also be divided 
into three classes : 

1. The salts represented by formula' III and IV are again given 
by maleic and sulphoaeetic aeids. Phthalie acid also wines 
unexpectedly into this class, as it yields phthalatopcntammine. 
eobaltic nitrate (X). 


CO — 

[cX-CO*0-Co(NH 3 ) 

(X.) 


-o 

1x0 3 ,2IU) 


[H 2 0*Co(XH 3 ) 5 ]Y(X0 3 ) 


(XI.) 


- esotartaric acid also gives a salt which is apparently similar 
m ype but less stable in solution, the mesotartrate radicle leaving 
ie comp^x as a result of hydrolysis; this explanation of the 
^stability has been confirmed by conductivity measurements 

rr e ia^ prcviousI y witlf a mesotartrato- 

sait . I., 1922, 121, 452). 

The salts of this class resemble carbonatopentammineeobaltio 
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nitrate in not giving a precipitate with a solution of potassium 
chromate, except in the case of the mesotartrato-salt, which is 
slowly converted into chromatopentamminecobaltic nitrate. Oxalic 
acid behaves abnormally in this scries, again displacing all nitrate 
to give the aquopentammine oxalate. The oxalato-nitrate has not 
been described previously; only the acid nitrate has been men- 
tioned (Jorgensen, Z. anorg. Cke,m ., 1896, 11, 426). 

2. Dipentamminecobaltic salts represented by formula VI are 
again given by malonic, malic, itaconic, citraconic, and glutaric 
acids. The salts are distinguished from those of class 1 by giving 
yellow’, crystalline precipitates with potassium chromate. These 
precipitates react as a nitrate and a chromate in accordance with 
formula VI. 

3. Aquopentammine salts (XI) are given by succinic, furaaric 
tartaric, adipic, and methionic acids. Conductivity measurements 
indicate, however, that succinic, tartaric, and adipic acids tend 
to give the dipentammine type of salt described above in class 2. 

The salts of this third class are characterised by their reaction 
in solution with potassium chromate, which converts them into 
chromatopentamminecobaltic nitrate. 

The results obtained in the two general methods of preparation 
already described show that the dibasic acids employed differ too 
much in their behaviour to enable a definite rule to be stated. 

The Introduction of Tribasic Ac cl Radicles into the Pentammint- 
cob altic Co m pie. r. 

It has been found possible to introduce citrate and orthophosphate 
radicles into the pentammine complex by using the free acids and 
also their sodium salts. 

When sodium phosphate and sodium citrate react with the 
specially prepared solution of aquopentammine nitrate they give 
salts which seem to he host represented by formulae XII and XIII, 

/0 , O CO 

(NH 3 ) 5 C° -O-P-0,2 FLO (XI [ 3 ).(.'0 -O 2 C-U(OH),2H,0 

-0,C-CH, 

(XII.) (XIII.) 

and may be named respectively orthophosphatopentamniineoobalt 
and citratopentammineeobalt. Although both contain water of 
crystallisation which is not removed at 100°, they are not the 
aquopentammine salts. Conductivity measurements place them 
in the same class as carbunato- and similar pentamminecobaltic 
salts. It is shown in the note at the end of this paper that jhik 
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aquopentammine nitrate gives a different compound from the 
above in the case of the citrate which has much higher conductivity 
values, and even higher values when aquopentammine chloride is 
used as the starting material. These facts emphasise the labile 
nature of the nitrate radicle in the special solution used for the 
preparations, a point which has a bearing on the nature of the 
compounds formed from dibasic acids. 

When orthophosphoric acid reacts with carbonatopentammine- 
cobaltic nitrate, the product is orthophosphatopcntamminecobaltic 
dihydrogen phosphate (XIV). 

0 I 

Iho^ p '°' Co < xh ^ I H 2 P() 4 ,l>H 2 0 (XIV.) 


( 1 ( ..J (V „ W , ,Co(XH 3 ) 5 = ( ah 2 ) 2 

(H 2 A)o (XH 3 ) 5 C<J’A' 

Co(XH 3 ) 5 =(AH 2 ) 2 

where A = C 6 H 5 0 7 . 


Citric acid reacts readily with the carbonatonitrate to give a 
very sparingly soluble salt which has been identified as citratotri- 
pentamminecobaltic dihydrogen citrate (XV). The formation of 
this unusual polynuclear complex seems quite possible, since there 
will be no interference with its production if the middle carboxyl 
group in citric acid is averted from the other two. 


A P E It I M E X T A L. 

Salts Derived from Aquopenta mm inccoMtic Xifratc . 

The following method applies to all the salts which come under 
this heading. The details are given here to save repetition. 

Five grams of carbonatopcntammmeeobaltic nitrate, 20 e.e. of 
water, and 20 e.c. of 2 X-nitric acid were maintained at 45" until 
effervescence ceased. The solution was neutralised with 2X- 
sodium hydroxide and at once treated with the sodium salt (1 mol.) 
under investigation, dissolved in water (20 e.e.) at 4.V. Having 
been maintained at 45° for twenty minutes, the solution was filtered, 
and after the addition of S e.c. of ethyl alcohol, left at room tem- 
perature for a week or more, when the crystals which had separated 
vere collected. The majority of the salts form microscopic, rosc- 
S ^ 1Kl are s l )arill 8 , y soluble in cold water. Cobalt was 
sodium \ th V anJiy(iroU,s * u] P hjl te, ammonia by distillation with 
and tnL * roxid <? solution, and nitrate by reduction to ammonia 

and subsequent distillation with alkali. 

‘ Wopentamminecobaltic oxalate, [H.,OCo(XH ) 1 (f 0 ] 4 H 0 

i. m mK , 
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was found to be identical with that prepared by Jorgensen (Z. anorg 
Chew., 1898, 17, 461) from chloropentamminecobaltio chloride 
(Found: Go = 1801 ; NH 3 = 25*43; C 2 0 4 = 40*38. Calc., Co ^ 
17*86; XH 3 = 25*75; C 2 0 4 = 40*00 per cent.). 

Oxalatope ntam minecobalt ic nitrate , ^ n /vu , 

[tU*U'Lo(A tl 

was prepared from the above oxalate as follows : 3*3 grams'* of 
aquopentamminecobaltic oxalate, dissolved in 200 c.c. of ^ater 
at 90°, having been treated with barium nitrate (1*3 grams; 1 niol.) 
in 20 c.c. of water, the solution was immediately cooled, filtered 
and evaporated at 70° to about 25 c.c. The nitrate separated in 
minute, brick-red crystals. Yield ==1*8 grams. The salt 
moderately soluble in cold water and gives no precipitate with 
calcium chloride until ammonia solution is added or the solution 
heated (Found : Co = 17*S9; XH 3 = 25*28 ; X0 3 = 19*01 ; C 2 0 4 „ 
26*78, C 2 H 15 0 T X 6 Co,2H 2 0 requires Co — 17*87 ; NH 3 _= 25*7 j; 
X() 3 — 18*79; C>0, --- 26*66 per cent.). 

Jlalonatodipe ntammine cobalt ic nitrate [V, w it h Y — CH.^OTH)).,' 
was obtained in minute, rose-red. elongated plates. Yield 2 grams 
after three weeks (Found: Co —18*18; XH 3 — 25*78: X0> = 
3S'0S; H 2 0 = 3*05. C 3 H 32 0 16 X 14 Co 2 ,H 2 0 requires Co — 17*98 : 
XH 3 = 25*91 ; X0 3 = 37*80; H 2 0 — 2*74 per cent.). The aqueous 
solution gives a precipitate with barium chloride only after boiling. 
Potassium chromate gives a brownish-yellow precipitate of a 
chromate. 

SulphoacdatoptntaMMUHTohaMic nitrate (IV) was obtained in a 
yield of 2*2 grams (Found : Co - 16*55; XH 3 ~ 23*29: X (J 3 - 
16*99. C.,H 17 0 R X f SCo,H.,0 requires Co — 16*29; XH a — 23*48; 
X0 3 - 17*12 per cent ). 

The salt is only moderately soluble in water and the aqueous 
solution gives no precipitate with potassium chromate. 

Mf thionatodipe ntam mi jurof Milt ic nitrate nuthionaU (VI) was ob- 
tained in a yield of 3*6 grams (Found : Co 15*50: XH 3 — 22*34 ; 
X0 3 — 16*45. C 2 ll M n 1R X 12 S 1 ( , n ;! requires (’<> -15*52; NH S - 
22*37; X(> 3 -- 16*32 per rent.). The aqueous solution gives with 
potassium chromate a brownish-yellow, crystalline precipitate 
which is both a nitrate and a chromate. 

M e-iota rtratod ipe nta m m imrobalt ie nitrate me<otar\rnU (VI) w? 
obtained in a yield of 3*3 grams {Found: Co - 15*03; MI3- 
21*55; X0 3 = 15*55. C 5 H 3S 0 ls X 12 ro 2 .4H 2 0 requires (0 - 1*5*12; 
XH 3 — 21*78; X0 3 — 15*89 per cent.). The salt dues not to* 
water at 100 . A warm aqueous solution gives with potassium 
chromate a brownish-yellow precipitate which is both a nitrate 
and a chromate. 
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Aquopentamminecobaliic tartrate dinitrate [VII, with Y - 
C 2 H 2 {0H) 2 (C0‘0) 2 ] was obtained in brownish-red aggregates of 
small, rhombic crystals. Yield = 3*5 grams (Found : Co = 16*14 ; 
NH 3 = 23*65; N0 3 = 33*98. C 4 H 38 O 20 N 14 Co 2 requires Co — 16*38 ; 
XH 3 — 23*81 ; N0 3 — 34*44 per cent.). A warm aqueous solution 
reacts with potassium chromate to give brown crystals of chroma to - 
pentamminecobaltic nitrate . 

Aquopentamminecobaltic succinate dinitrate (VII) was obtained 
in small, brownish-red, rhombic crystals. Yield = approx. 
3*5 grams (Found : Co = 17*16; NH 3 = 24*92; X0 3 = 36*40. 
C 4 H 38 0 18 N 14 Co 2 requires Co = 17*14 ; XH 3 - 24*71 ; N0 3 = 

36*05 per cent.). The salt is only sparingly soluble in cold water 
but more readily on heating, A warm solution gives, with potassium 
chromate, chromatopcntamminecobaltic nitrate as in the case of 
the tartrate above. 

Aquopentamminecobaliic fnmarate di nitrate (VII, with 2H 2 0, 
where Y = CO^CH.CH’CC^), was obtained in a yield of 3*2 grams 
(Found : Co — 16*65; NH 3 = 22*99; X0 3 — 33*55; H 2 0 — 2*51. 

requires Co — 16*33; XH 3 — 23*41 ; X0 3 = 
34*35; H 2 0 = 4*98 per cent.). The salt is moderately soluble in 
water and immediately gives a precipitate of silver fuinarate with 
silver nitrate. Potassium chromate, added to the aqueous solution, 
gives crystals of chromatopentammine nitrate. The salt loses 
oniy half its water of crystallisation at 100 . 

Maleatodipentamminecoba.lt ic nitrate {\\ with V = CCVCH’CH'CO,) 
was obtained in a yield of 1 gram (Found : Co = 18*05; XH 3 L 
X0 3 = 38*07. C 4 H 32 0 16 X 14 Co 2 requires Co — 18*14 ;XH 3 — 
►015; X0 3 — 38*15 per cent.). The salt is only moderately 
soluble in warm water, and must be heated for some time with 
barium chloride to give a precipitate of barium maleate. Potassium 
chromate gives a brownish-yellow precipitate of a chromate. 

Makalope n tammin ecoba U i c nitrate (111) was obtained when the 
filtrate from the previous salt, having been reheated at (RF for 
thirty minutes, was left for three weeks to crystallise. Yield 
18 grams (Found: Co ^18*20: XH 3 _= 20*44: X0 3 -= 19*20. 

( 4^i7°-X 6 Co requires Co = 18*44; XH 3 =-.= 26*53: X0 3 - 19*37 
per cent.). It is moderately soluble in water and unlike the previous 
salt gives no precipitate with potassium chromate. 

Jtafatodipentam m i necobalt ic nitrate [Y. with V = 


, . . vUg'Crl (OH ) •CH 2 *COj J 

1'** 0:> ^ ne ^ in a yield, of 2 grams (Found : Co — 17*43: XH, _ 

25-44! \-n r o-l 7 ' requires Co = 17-(3o;XH 3 - 

1 3 ~ 6« per cent.). Addition of potassium chromate to 

arm aqueous solution causes the separation of a brown chromate. 
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Phihalatodipe ntamm ineco baltic nitrate [V, with Y = C 6 H 4 (CO*0) 2 ] 
was obtained in a yield of 2 -4 grams (Found : Co = 16*93 ; NH 3 1 
26*45; N0 3 = 35*81. C 8 H 34 0 16 N 14 Co 2 requires Co ~ 16*85; 

NH 3 = 24*29; N0 3 = 35*43 per cent.). The salt is moderately 
soluble in warm water. It gives no reaction for phthalate until 
after hydrolysis with aqueous ammonia. Potassium chromate 
added to the aqueous solution, gives a brownish-yellow precipitate 
of a chromate. 

Citracona lod i pe n la m m i n ccoba U i c nitrate (V, with Y — 
C0 2 -CMe:CH-C0 2 ) 

was obtained in a yield of 1*5 grams (Found : Co = 17*83; NH 3 ^ 
25*29; N0 3 = 37*9S. C 5 H 34 0 16 X 14 Co 2 requires Co = 17*76; 

NH 3 — 25*60; X0 3 = 37*35 per cent.). The aqueous solution, 
treated with potassium chromate, gives a brownish -yellow pre- 
cipitate of a chromate. 

I tacona tod ipen ta m m inecoba Itic nitrate [V, with Y = 

co 2 -C(:ch 2 )-ch 2 -oo 2 ] 

was obtained in a yield of 1*3 grams (Found : Co - - 17*68 ; XH 3 = 
25*34 ; X0 3 = 37*43. C^H^OjgN^C^ requires Co = 17*76 ; XH„ ^ 
25*60; X0 3 — 37*35 per cent.). With potassium chromate, its 
aqueous solution gives an almost insoluble brownish-yellow chromate. 

Glutaratodipcntamminecobatlic nitrate (V,with Y — CO 2 *[CH 2 ] 3 , C0 2 ) 
was obtained in a yield of 1*6 grams (Found : Co = 17*80; XH 3 - 
25*44 ; X0 3 = 37*13. C 5 H 36 0 16 X 14 Co 2 requires Co -- 17*71 ;XH 3 = 
25*53; X0 3 = 37*24 per cent.). It reacts with aqueous potassium 
chromate to give a brownish -yellow chromate. 

Adipatodipentamminecobaltic nitrate (V, with Y — CU 2 *[CH 2 j 4 ‘( 0 2 ) 
is similar to the glutarato-salt (Found ; Co - 17*18 ; XH 3 — 25*03; 
X0 3 - 36*97. C 6 H 38 D 16 X h Co 2 requires Co - 17*34; XH 3 = 
25*00; X0 3 — 36*47 per cent.). 

0 rtkopkosphalopc nta m m i n feotxilt (XII) was obtained in brick-red, 
flattened needles by using a solution of 6*73 grams of hydrated 
disodium hydrogen phosphate to which 18*75 o.c. of .\ -sodium 
hydroxide had been added to make a solution of trisodium phosphate. 
Yield 3 grams (Found : Co = 21*26; XH 3 — 31*03; P0 4 — 3416, 
H 15 G 4 X 5 p Co,2H 2 G requires Co - 21*44; XH 3 - 30*91: P0 4 ^ 
34*54 per cent.). The salt does not lose water at 100'. It is onh 
sparingly soluble in warm water. The* solution gives a precipitate 
with silver nitrate but not with ferric chloride. Jorgensen (J.pt- 
Che?n., 1885, [ii], 31, 83) described an aquopentamininecobaltic 
orthophosphate to which hi* gave the formula 

[ H 2 0 *Co ( X H 3 ) . J( O H ) ( P0 4 H ) , H 2 0 . 

This salt loses 2H 2 0 at 100' and the method of preparation also 
distinguishes it from the abov* salt. 



])UFF ! COMPLEX METALLIC AMMINES. FAKT V 7 III 


CitratopentamminecobaU (XIII) was obtained in minute, pink 
crystals. Yield 2*8 grams from 6*1 grams of potassium citrate, 
used with the cobaltainmine reagent [Found : Co ^ lo*89; NH J 
22*55 ; 0 6 H 5 0 7 — 51*51. 0 < ,H 20 O 7 N 5 (Jo,2H 2 O requires Co — 15*97* 
^E 3 — 23*03; C 6 H 5 0 7 - 51*22 per cent,). The salt is only 
sparingly soluble in warm water. No water of crystallisation is 
lost at 100°. Citrate was estimated by boiling with excess of 
standard sodium hydroxide, filtering, and titrating the residual 
sodium hydroxide with standard sulphuric acid. 

Salts Derived from Carbotiatopen famtn i n ecoba U ic Nitrate. 

The following general method was used for all the acids inves- 
tigated in this series. Five grams of ear bona topentam mine - 
cobaltic nitrate, mixed with 10 c.c. of water, were treated with a 
solution of the acid (1 mol.) in 30 c.c. (or more if necessary) of 
water at 60°. The filtered solution was evaporated to about 
2o c.c. at 60°, and, on standing over-night, the desired salt 
usually separated. The salts, the majority of which again form 
microscopic, rose-pink crystals, are arranged below in three 
classes. 

1. baits related to carbonatopentamininecobaltic nitrate. 
Maleatopentamminecoballic n i Irate (II [) ami mlphoacetatopentammim- 
cabaltie nitrate (IV) were both again obtained (see pp. 500, 567) 
(Found : for the former, Co = 18-32 ; m, = 20'58 : X0 3 ■= 19-14 
for the latter, Co = 10-40 ; XH, = 23 43 ; X0 3 = 17-29 per cent.).’ 

Phihnla tope ntamminecoballic nitrate (X) was obtained in a yield 
of 3-2 grams (Found: Co -1489; XH S = 2103; XO. = 15-05 : 

C *®i»0»X*Co,2H 1 0 requires Co =14-33; XH, = 
-0-J3; X0 3 = 15-27; H 2 0 = 8'82 per cent.). It is moderately 
soluble in cold water and gives no precipitate with potassium 
chromate. 

Nesolart ratopen ta mm i n r cobalt i c n it rate. 

[(^H 2 (0H) a (C0-()) 3 CVi(\H3) 5 ]X() a ,3H 2 0, 

on L° bt T ed m a yield of 32 £ rams (Found : Co -T 14*(>5 ; XH, 

WA«V» requires Co = 14 45; 

Pi NO, = lo*I» per cent.). It is moderately soluble 

liv nnr WatCr ^ hydrolyses somew hat readily, being converted 
Ov , aSS1U . 1, 1 1 chromatc into chromatopontaiiimmccobaltie nitrate. 

serin/ C aClt glves tlM> same re!iult as stxlium oxalate in the previous 
Co :»~ Wtic 0! “ laU ‘ “8““ being formed (Found : 

nLe L dii k 3 r 2r ’! 61 ; C >°< = 4,V36 ^ rellt -)- The oxalato- 
, e v dcscnbed m the previous series. 

-■ Uipimtaunnmeeobaltie salts having the general formula XI. 
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Malonatopentamminecobaltic malonate 7iitrate was obtained ^ 
minute, purple-red crystals (Found.: Co — 17*79; NH 3 = 25*94 ; 
N0 3 = 18*80; H 2 0 - 5*72. C fi H 31 0 u N 12 Co 2 > 2H 2 0 requires Co J 
18*09; NH 3 - 20*07 ; N0 3 - 19*01 ; H 2 0 = 5*52 per cent.). 

Malatodipentammiriecobaltic malate nitrate was obtained in a yield 
of 2*6 grams (Found : Co — 17*36; NH 3 — 25*10; N0 3 = 18*22. 
C 8 H 38 0 16 N 12 Co 2 requires Co --17*44; NH 3 = 25*15; X0 3 ^ 

18 34 per cent.)* 

Cilraconatodipcnta m m inecobaltic citraconate nitrate was obtained 
in a yield of 1*2 grams (Found: Co — 16*76; NH 3 — 24*fi4 ; 
N0 3 = 17*97. C 10 H 38 O 14 N 12 Co 2 ,2H 2 0 requires Co = 16*75 ; XH 3 « 
24*15; N0 3 = 17*61 per cent.). 

Itaconatodipeniammiiu cobalt ie itaconate nitrate was obtained in 
a yield of 1*1 grams (Found : Co = 17*53; XH 3 = 25*57 ; X0 3 =t 
18*65. C 10 H 38 O u X 12 Co 2 requires Co -- 17*00 ; XH 3 = 25*45; 
N0 3 — 18*50 per cent.). 

Glut a ra tod ipoi ta m wi inecobalti c glutamic nitrate was obtained in a 
yield of 19 grams (Found : Co — 1<*70; 4 13 = 25*24; X 0 3 - 

18*41. C 1 () H 42 O u X 12 Co 2 requires Co- 17*55; NH 3 = 25*29; 
X0 3 = 18*45 per cent.). 

All the salts in this section are sparingly soluble in cold water 
and are characterised by giving, with potassium chromate, a yellow 
precipitate which is both a nitrate and a chromate. 

3. Aquopentu m mine salts. Aquopcntamm inecobaltic nitruk m- 
cinate [XI, with V - (C0 2 ) 2 (CH 2 ) 2 1 was obtained in a yield of 
3*3 grams (Found : Co — 10*92; XH :J 24*91 ; X0 3 - li>ii4. 
C 4 H 21 0 8 X 6 Co requires Co 17*34; XH 3 ~ 25*00; X0 3 - m 
per cent.). 

Aquopcnta )/i mine cobalt ic nitrate tartrate [XI, with \ — 
(C0 2 ) 2 (CH-0H) 2 ] 

separated as a brownish -red crust of minute crystals. Yield 3*5 grams 
(Found: Co - 13-5U; XH 3 — 227,'f ; X0 3 HH»1. C 4 H 21 O l( 1 X 6 C« 

requires Co — 1;V85; XH 3 -- 22*8.>; X() 3 ■ - lG'Ot.) per cent.). 
Aquopentu inminecobaltie nitrate fumaratc, 

[H i 0-Cu(XH 3 ) s ]V(NO 3 ),2H 2 0, 

where Y = C0 4 -CHX'H-CO,, was obtained in a yield of 2; pa* 
(Found: Co =16-01; XH,- 22-75; X0 8 _- 18-82; 

0-44. C 4 H 19 0 8 X 6 Co,2H 2 0 requires Co — low" ; XH 3 -- 1 
X0 3 — 16*57 ; H 2 G — 9*02 per cent.). 

Aguopentammitu cobalt ic nitrate adipate. (XI, where \ — 

C(VLCH 2 ] 4 *C0 2 ) ^ 

was obtained in a yield of 1*4 grams (Found : Co *-- 16'9b ? * i 
23*21 ; N0 3 - 10*70. C 6 U 2i 0 8 X 6 Co requires Co - 10*02; M t 
23*10; XO s = 16*85 per cent.). 



571 


DUFF . COMPLEX METALLIC AMMINES. PART VII T 

Aqwpentamminecobaltic nitrate methionaie [XI, where Y = 
(S0 3 ) 2 CH 2 ] was obtained in brownish- red, prismatic needles {Found * 
Oo- 14*37; i\tf 3 = 20-09; X0 3 ^ 14 08. 0H I9 O 10 N r ,S,Co 5 H 2 O 
requires Co = 14*65 ; NH 3 - 20 ‘43; X0 3 ^ 14-00 per cent.). 

All the above salts arc sparingly soluble in cold water and are 
converted by potassium chromate into chroinatopontamminc- 
cobaltic nitrate. 

Orthophosphatopentamminecoballic dihydroyen orlhophospfuilc (XIV) 
was obtained in small, reddish-brown, flat needles on the addition 
of 5 grams of the carbonato-nitrate to a solution of 3 grams of 
orthophosphoric acid in 25 e.e. of water at 40°. Yield 2-8 grams 
(Found : Co = 15*91 ; NH 3 - - 22 42 ; PC 4 = 50 I>8 ; H 2 0 = 9-72. 
[HP0 4 *Co{NH 3 ) 5 ]H 2 P0 4 ,2H 2 0 requires Co 15 81 ; XH 3 =: 22*79; 
P0 4 = 50 94 , 1I 2 0 9 65 per cent.). Ihe salt is very sparingly 

soluble in cold water and readily soluble in dilute alkali or mineral 
acid solutions. The water of crystallisation is lost over sulphuric 
acid at the ordinary temperature. The salt melts at t he tern perat ure 
of the steam-oven. 

Citratotripentamminecoballic dihydrogen citrate (XV) was obtained 
in minute pink crystals in almost quantitative yield when 5 grams 
of the carbonato-nitrate were added to a solution of 4 grams of 
citric acid in 40 c.c. of water at 50*. The solution was kept at 
5(P until effervescence ceased, and the salt separated quickly 
on cooling^ (Found : Co = 9*52; XH 3 ^ 14-34; C G II 5 0 7 = 75*44 
p42H 94 0 49 X 15 Co 3 requires Co — 9*99 ; NH 3 — 14*41 C 6 H-0 = 

74 80 per cent.). I his salt is only sparingly soluble in warm water. 
It has an acid reaction and dissolves in sodium bicarbonate solution 
but cannot be reprecipitated by acid. The constitution was further 
checked by titrating the salt with standard alkali solution [0*3471 
ijram required 23*2 c.c. of X/10- barium hydroxide (theory 23*53 c c ) 
4751 Gram required 16*5 c.c. of X.o-sodium hydroxide (theory 
Lb 1 c.c.), using phcnolphthalein as indicator]. 




Since few chemical reactions arc possible with the complex salts 
embed m this paper owing to their sparingly soluble nature, the 
e ermmation of their molecular conductivities lias been found 
ondu2- t g the Ion " ul **»t f d ^ them. The electrical 
l Part vTi'Y't 16 ” ,easurcd " 1,l ‘ tile identical apparatus described 
•e« mal r ,-o 1S *?** < T - 19 “’ 121 • «3>- All measurements 
5° inti a ^ ^ S ° * ar as P^^le solutions wore made at 

Uhel 7 rc , reshly prepare<1 for «■* su w rf dilution. Owing 
moderate solubility of the salts and tile need for obtaining a 

\ 2 
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solution quickly to avoid much hydrolysis, measurements have 
only been made for v -- 512 and 1024 litres. 

The results have been divided into five classes corresponding t (J 
the five classes of compounds already described. To simplify the 
table, the following five general formulae are referred to : — XVI, V 
VI, VII, XI. 

[YCo(NH 3 ) 3 ]N0 3 (XVI. > 

A peculiar catalytic action has been discovered during the measure- 
ment of the electrical conductivities. It is most marked in the 
case of the salts represented by formula XVI. These salts show 
little or no hydrolysis of the complex in dilute solution even above 
25°, until the solution is in contact with the platinum electrodes. 
Then hydrolysis at once begins, in some cases quickly, and aquo- 
salts are produced. The oxalato- and chromato-nitrates give 
reactions for oxalate and chromate after remaining in the electro- 
lytic cell for one hour, whilst a solution outside the cell will show 
no such reaction even on the next day. The catalytic hydrolysis 
is apparently due to the platinum black on the electrodes and 
only occurs in the solution immediately surrounding these. It is 
not necessary to have any current passing for the effect to be 
produced. It may be that this unusual effect is connected with 
the presence of a hound ’* ion in the structure of these salts (see 
formulae I, II, III, IV), but further investigation is necessary on 
this point. 

Whilst the catalytic hydrolysis is most marked in the foregoing 
class, it is also in evidence in the others except those containing 
the aquo-salts. It is evident that the electrodes can hasten 
hydrolysis of the complex in these series of salts. It is also notice- 
able in a less degree in a normal type of salt like mtratopontammine- 
eobaltic nitrate. 

Some aquo-salts show evidence of hydrolysis, particularly a 
succinate and a tartrate. This may he regarded as indicating that 
there is a tendency in these cases for the organic acid radicle to enter 
the complex. 

The chromato- and carbonato-nit rates have been included in 
the first class, as no record of their conductivity could be found 
in the journals. Sulphatopentamininccobaltic nitrate is also 
included, since Werner and Miolati (Z. physikal. Chew., 1896, 21, 
235) record that, for v — 512 and 1024, jj. — 1)4 64 and 101 ’6, respec- 
tively, without any observation that hydrolysis occurred, fhit 
has been found to be unusually small in this case. 

In order that the results may be more readily compared , 1 
represents the volume of solution containing one gram-atom o 
cobalt. 
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y in formula 
XVI. 

Carbonato 

Hulphato 

Chroraato 

Oxaiato 

Ualeato 

Sulphoaeetato- ... 

Phthalato- 

llcsotartrato* ... 

Y in formula V. 

Malonato 

Malealo 

Jfalato 

Phthalato- 

Citraconato- 

Itaconato* 

Glutarato 

Adipato- 

Y in formula VI. 

Malonato- 

Mulafo 

Citraconato* 

Itaconato- 

Glutarato- 

Methionato- 

Mcsotartrato- 

Y in formula XJ. 

Succinate 

Tartrate 

Kumar a to 

Adipate 

Methionate 

Y in formula VII. 

Succinate 

Tartrate 

Fumarate 


Kliosphato- 

pentammino. 

cobalt 

U trat open tarn- 
mine co bait 


hA* 

t’=512. u-1024. 
136-4 1434 

96- 5 101-4 

12.5- « 120-3 

130-4 148-5 

145-4 148-7 

128-1 120-0 

97- 2 

212-9 2414 


233- 3 249-2 

234- 0 200-2 

25,7-7 207-8 

270-0 271-0 

245-5 252-0 

243-4 251-2 

250-4 256-5 

254-9 257-1 


240-0 200-7 

240-5 260-2 

270-1 207-9 

228-0 229-8 

235-1 241-3 

273-3 282-7 

210-8 243-0 


250-0 271-0 

209-5 300-4 

239-7 250-3 

306-0 318-4 

274-0 297-5 


350-5 307-0 

247-9 2 OH- 9 

229-2 248-7 

1024. 204S. 


143-9 133 7 


MB-* 


i?=512. 

v~ 1024. 

136-4 

143-4 

98-2 

101-9 

125-6 

120-3 

136-4 

148-5 

145-4 

148-7 

131-4 

122-0 

99-1 

100-8 

21C-5 

241-4 


243-4 

203-7 

239-3 

273-3 

255-7 

207-8 

272-4 

278-3 

254-3 

272-5 

200-7 

282-3 

208-7 

273-0 

207-8 

283-5 


242 9 

200-9 

258-0 

281-8 

272-4 

270-1 

229- S 

231-4 

247-9 

25 ;• ; 

270-0 

287-8 

215-2 

245-9 


251-2 

274-1 

269-5 

303-4 

239 7 

250-3 

308-0 

324 1 

274 0 

297-5 


35U-5 

367-0 

247-9 

208-9 

229-2 

248-7 

1024. 

2048. 

147-4 

137-1 


hi,* 


i-’=512. 

v-1024 

189-3 

254-9 

101-7 

100*8 

228-0 

309-4 

173-2 

204-7 

150-4 

159-7 

141-3 

151*2 

104-7 

112-7 

247 4 

328-7 


319-5 

348*9 

290-9 

312-8 

324 1 

343*7 

350-1 

348-9 

207 5 

278-0 

274-9 

300-9 

298-5 

325-4 

331- L 

348-9 


259-5 

300*4 

299-2 

331-1 

275-3 

273-3 

233-8 

231-4 

283*5 

310-1 

287*1 

295-0 

270-1 

307-0 


260-7 

292-7 

304* 1 

331-8 

239-7 

250-3 

324-1 

325-2 

274 0 

297-5 


350-5 

367-0 

247-9 

208-9 

229-2 

248-7 


1021. 2048. 


18U-1 214-1 

215 4 






^ S oK n L7»,Y7 I,, °! , fW »>a<le solmions. „„ ,1,, value, fur - 

stations affcr ioni u'l »-iUh 1 1 '”"7 ( l* sk - nml ■“*' tlu ' Vlll| les for tile sa 
“any rrav. 1 "'*** thceloetrodes for one hour without being ilisturt 


'iveri fre Pl r i i l ‘ a . t r°- an< ' ci « rato-saU r, mentioned above have been 
“*< MI a,ul Xl11 ) "I'iolt indieate that they should be 
mi. „ i 'j 111 solllti " n . ^ or U'e formation of ions is impossible 

. S5t25 m" ** - ■■“"•* *> 

e(l It appears reasonable to suggest that 
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hydrolysis has occurred during solution, because the salts are very 
insoluble and heating to 50° was necessary to obtain the solution 
for v — 1024 in the case of the phosphato-s&lt and for v = 2048 
in the case of the citrato-salt. The fact that the value of fi for 
v ~ 2048 is less than that for v = 1024 supports this conclusion in 
the case of the phosphate-salt. After the solution has been pre- 
pared, and the temperature maintained at 25°, hydrolysis proceeds 
but slowly until the platinum electrodes disturb the equilibrium; 
thereafter the rate of hydrolysis is accelerated as in the cases men- 
tioned above. It was mentioned in the section on preparations 
that the phosphato-salt in solution gives a precipitate with silver 
nitrate ; this result can be similarly explained as due to hydrolysis 
having occurred, whereby the phosphate radicle is removed from 
the complex. 

The view that the behaviour of the foregoing substances in solution 
is due to hydrolysis is supported by the fact that the phosphate, 
and eitrato-salts do not lose their water of crystallisation at 100°. 
It would seem that this water is firmly bound in the molecule in 
some way which enables the salt to change into an aquo-salt. It 
has been found that the crystals of both salts change on keeping, 
apparently into aquopentamminc salts. The following figures 
were obtained four months after the values already 7 given had been 
measured. For v ~ 2048, the phosphato*salt and the citrato-salt 
now gave /x = 214T and 218, respectively, these values remaining 
constant. These results support the suggested formula? (XII and 
XIII) for the salts, when freshly prepared, and account for the 
conductivity values obtained. 

The change which occurs on keeping the crystals of these salts 
is paralleled by the observation of Jorgensen (J. pr. Ckem. t 1885, 
[ii], 31, 50) that crystals of aquopentamminccobaltic nitrate change 
at the ordinary temperature into nitratopentamminecobaltic nitrate 
after several months. 

Addendum. 

Additional experimental evidence is given below to show that 
the solution of aquopentamminecobaltic nitrate, prepared as 
described (p. 505), is different in chemical behaviour from an 
aqueous solution of pure aquopentamminccobaltic nitrate. It is 
suggested that the aquo-niirate in solution can change into the 
nitratopentammine nitrate and that the presence of sodium nitrate 
facilitates this conversion. Measurement of the conductivities of 
solutions of pure aquo-nitrate support this view. 

For v ~ 250, 512, and 1024, Werner and Miolati (Z. physikal 
Chem.j 1890, 21, 237) give the values of i>. ns 344 0, 362*3, am I 
379*4. If fresh solutions be made at each stage, the value of /' 
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will bo found to decrease owing to the action of the electrodes. 
Xhc present author thus obtained the following values : 

For v = 256 /x ~ 351*1 340*6 (after 1 hr.) 340*1 (after 2 hrs.) 

= 512 ft == 374-9 360*0 „ 359*0 

= 1024 /x 396*9 380*0 „ 378*0 

The most probable explanation is that there has been conversion 

into nitratopentarnmine nitrate to a small degree. The change 
was found to occur slowly when the solution was not put into the 
Kohlrausch cell. 

When trisodium phosphate was allowed to react with a solution 
of pure aquopentammine nitrate, minute, brick-red crystals were 
readily obtained which were identical with the phosphatopent- 
amminecobalt already described. A similar salt was obtained from 
aquopentamminecobaltic chloride. Whilst the salt from the 
aquo-nitrate gave results for molecular conductivity identical with 
those already recorded for phosphatopentamminecobalt, the phos- 
phate obtained from the aquo-chloride gave much higher figures, 
namely, for v — 2048, /x = 206*9, and this became 211*2 after one 
hour in the cell, showing that this salt was at least in part aquo- 
pentamminecobaltic phosphate. This suggests that the aquo- 
nitrate changes more readily into the acido-salt than does the 
aquo-chloride. 

Potassium citrate also was allowed to react with the aquo- 
pentamminc nitrate and the chloride. Crystals were readily 
obtained which in each case were identical with those of the citrato- 
compound already described. The molecular conductivities were 
higher, however : For v — 2048, the salt from the aquo-nitrate 
gave /i = 177*9, and 215*4 after 1 hour in the cell, whilst the salt 
from the aquo-chloridc gave /x = 244*1, and 279*4 after 1 hour in 
the cell. All the foregoing results therefore show that the aquo- 
pentamminecobaltic nitrate solution used in this work had a specially 
reactive nature. 

It has not so far been possible to obtain a series of chlorides or 
other salts corresponding to the nitrates described. The possi- 
bility of obtaining chlorides is still under investigation. 

The author’s thanks are due to Miss C. M. Butcher. B.Sc., for 
much valuable assistance during the preliminary stages of the work. 


Municipal Technical Sciiom.. 
Birmingham. 
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LXI X . — Ch loroiodoacetic A cid . 

By Holland Crompton and Kate Myfanwy Carter. 

Iodine monochloride acts vigorously on ap-dichlorovinyl ethyl 
ether with evolution of heat. The solution becomes dark violet 
and iodine separates. If the ether is kept cool, and the mono- 
chloride is added very gradually, but little iodine is set free, and 
the mixture, on standing exposed to the air, emits a colourless, 
acrid, inflammable vapour containing ethyl chloride. At the same 
time crystals of chloroiodoaeetie acid are formed on the sides of 
the containing vessel. The product of the action appears to he 
chloroiodoaeetyl chloride, 

CHClICCl’OEt r IC1 - CHClt-COCl | EtCI, 

which is converted into the acid by the absorption of water from 
the air. If air is excluded, and the mixture left for some time, the 
acid chloride is produced in good yield, and although it cannot he 
purified it can be used, in the crude form, for the preparation of 
the acid and its derivatives. 

Chloroiodoaeetie Acid . — Iodine monoehloride (1 mol.) was added 
as above to afi-dichlorovinyl ethyl ether (1 mol.), and the mixture 
kept in a sealed vessel for three weeks. It was then heated at 5u : 
to expel ethyl chloride and, after entiling, filtered through glass 
wool to remove solid iodine. Water (1 mol.) was added in small 
quantities at a time and the mixture left over-night. It solidified 
almost completely, the yield of crude chloroiodoaeetie acid being 
60 per cent, of the calculated. The acid was purified by crystal- 
lisation from light petroleum. Thus obtained, it forms colourless, 
lustrous leaflets melting at 90° (Found : Cl — 15-50, 15*32 ; 1 -= 
57*50, 57*15; equivalent -217*9; M ~ *223*7. C 2 H 2 () 2 Cll re- 
quires Cl — 16*06; l — 57*51 per cent.; M - 220*4). 

The acid is not perceptibly hygroscopic, although it dissolves 
readily in water and the ordinary organic solvents. When dry, it 
docs not change on exposure to the air. But its solutions are very 
sensitive to light. Colourless solutions in light petroleum nr 
benzene turn violet almost immediately when exposed to bright 
sunlight. The salts of the ordinary metals are all soluble in water. 
The barium snlt could only be crystallised from very concentrated 
solution (Found : Bi ----- 24* 19. C 4 H,< ),C1 J 2 Bn requires Ha --- 23 84 
per cent.). 

Ckloroiodoacektnnd*' is formed on treating a solution of the mule 
chloroiodoaeetyl chloride described above with dry ammonia, it 
crystallises front water or benzene in brilliant white needles melting 



CROMPTON AND CARTER : CHLOROIODOACETTC ACT I). 57 7 

a t 140° (Found : N - 6 51 ; 01 - 16-00 ; I - 57*20. Calc., 

^ = 6‘37; Cl = 16' 19; I — 57*80 per cent.). It is evidently 
identical with the amide obtained by Will stutter and Hottenroth 
from impure ethyl chloroiodoacctate and ammonia (Per., 1904, 37, 
1786). 

Chloroiodoacetanilide is similarly prepared by the action of aniline 
on the chloride in light petroleum solution. Tt crystallises from 
water or benzene in white needles melting at 142 g (Found : N — 4*82 ; 
01 = 11*93; 1 = 42*94. C 8 H 7 0XC1I requires N = 4 74; Cl = 
12 00; I ~ 42*98 per cent.). 

Esters of chloroiodoacetie acid can he obtained from the above 
chloride, or, in this case, if the alcohol is added to a freshly pre- 
pared mixture of dichloro vinyl ethyl ether and iodine monoehloride, 
a violent reaction sets in on warming and the ester is formed. 
Liquid esters could not be isolated in a pure condition, but solid 
esters can be crystallised out and purified. 

Phenyl chloroiodoacctate. crystallises from light petroleum in 
brilliant colourless leaflets melting at 110° (Found: Cl = 11*98; 
I = 42'78. C 8 H 6 0 2 C1I requires Cl — =11 -1)7 ; T = 4*2*83 per cent.). 

The replacement of a chlorine atom in phenyl dichloroacetate 
bv a bromine atom has only a slight effect on melting point and 
crystalline form (Crompton and Triflitt, T., 1921, 119. 1874). 
When the bromine is replaced by iodine, the melting point rises 
from 46'5° to 110°. Also, phenyl chlorobromoacetate and chloro* 
iodoacetate do not form mixed crystals. This is shown by the 
melting points of their mixtures : 
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These numbers give 

a melting 

point curve of the 

usual typo, the 

eutectic mixture, containing *2* 

9 per cent, of tin 

l‘ ehlorobromo- 

acetate, melting at 39* 
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LXX . — Interfacial Tension. 

By James Robert Pound. 

The measurement of the interfacial tensions of liquids by the 
drop-weight and the capillary tube methods has been studied bv 
Harkins and Humphrey (J. Atner. Chem. Soc. y 1916, 38, 228, etc.) 
and by Reynolds (T., 1921, 119, 460). Reynolds found that the 
drop-weight method gave, on the average, results that were 78‘8 
per cent., or roughly four-fifths, of those found by the capillary 
tube method. But this can be only an approximate relation, as 
the drop-weight method is affected by so many factors. By means 
of the capillary tube method Reynolds has obtained accurate results 
for the interfacial and the surface tensions of various mutually 
saturated liquids. He has proved that the former values are 
calculable from the latter, that is, the interfacial tension between 
two liquids, A and B, is the difference between the surface tension 
of A, saturated with B, and the surface tension of B, saturated with 
A, or 7 ab = 7 a — ya (compare also Antonoff, J. Puss. Phys. 
Chem . Soe., 1907, 39, 342; Phil. Mag., 1918, [vi], 36, 377). For 
pure liquids, the interfacial and the surface tensions of which are 
constant at the one temperature, Reynolds has proved the above 
relation to hold within the limits of experimental error (<%f. 1 in 200). 
The relation is true also for mixtures of organic liquids in contact 
with water when the interfaces are freshly formed, but here the 
interfacial tension in general diminishes with the age of the interface, 
because concentration of one or more components of the complex 
liquid will occur there and the intcrfaeial tension tend to a minimum. 
However, even in such cases the law holds if the contemporaneous 
surface tensions and interfacial tension are known (see Reynolds's 
results for colloidal solutions). Surface concentration does not 
occur (or occurs quickly to a very slight extent) with some solutions; 
for example, benzene and aqueous solutions of salts, etc., give 
constant interfacial tensions that obey the normal law. Neverthe- 
less, where y AB is much smaller than (y A — y B ) and varies with the 
age of the interface, it is certain that physical action (surface* con- 
centration) or chemical action has occurred: conversely, a normal 
value of y AB (— y A - y«) and its constancy arc proof of the 
purity of the liquids used and of the absence of physical or chemical 
action at the interface. These results of Reynolds are substantiated 
by the present work. 

The following determinations of intcrfaeial tension were made in 
an apparatus practically the same as Reynolds’s [loc. cit.). The 
capillar}’ tube was placed cent rally and vertically in a graduated 
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tuba, which was fixed in a thermostat. The apparatus was 
thoroughly cleaned with chromic acid mixture, washed well, and 
filled with pure, air-free water ; the second liquid was introduced 
from the top or the bottom according as it was lighter or heavier 
than water and allowed to enter the capillary. 

The liquids being at rest, the positions of the interfaces are read 
oft’ against the graduated tube, and the difference of level between 
the interface in the capillary tube and that in the outer tube is 
obtained in terms of the scale on the latter. Air-free water must be 
used, as if bubbles of air appear after the experiment is started they 
will probably enter the capillary and thus spoil the experiment; 
even if they form only in the outer space or annulus, they will 
disturb and deform the interface there, making its position difficult 
to read. The meniscus in the annulus should be horizontal, but a 
slight inclination therein may be readily allowed for when reading 
oft its position on the scale; a slight inclination of the annular 
meniscus is due to the capillary tube not being set perfectly centrally 
in the wider tube or to the “ oil ” passing irregularly through the 
glass knobs that keep the capillary in position. In this arrangement 
errors due to parallax must be guarded against. The apparatus 
was always first wetted with water and then no difficulty was ex- 
perienced in getting the “ oil 55 to enter the capillary and to displace 
the water from the glass surfaces. 

The apparatus was made in triplicate; two were used in a 
thermostat and the third was water-jacketed only. The former 
two were of similar dimensions : and one of them (apparatus 1) had 
the following dimensions and constants : 

Value of one division of the scale on the outer tube — 0*5138 
cm. = ft. 

Internal radius of the capillary tube ----- 0 07722 cm. = r. 

Rise of water in the capillary tube when in position in the 
graduated tube at 30° — 3‘0ofi divisions 1*5445 cm. -- !■}. 

Rise of water in the capillary tube when set in open vessel at 30~ = 
1*868 cm. — a. 

Internal radius of the graduated tube - 0*787 cm. 

External radius of the capillary tube ~ 0*4 cm. 

Now r was determined by calibration with mercury, the capillary 
tube, before selection, being proved to have a uniform bore, /t was 
determined against a standard scale. 3 was found by direct 
estimation in the apparatus at 30 ; the apparatus was filled with 
water, which was run out in stages, the position of the annular 
meniscus and that of the capillary tube meniscus being observed on 
the scale of the outer tube at each stage, so that from one setting of 
the apparatus the mean water rise for all positions in the capillary 
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tube was found, and several such experiments were carried out; 
at different times, involving quite separate settings of the whole 
apparatus. Direct observation of this water rise in the apparatus 
by means of a micrometer microscope is inconvenient, and is no 
more accurate, since the position of the lower or annular meniscus 
is extremely difficult to locate by the microscope. 

The water rise in the capillary tube, when set in an open 
vessel at the room temperature, was determined directly by the 
microscope, taking the mean of many positions throughout the 
length of the capillary. The open vessel used was of 4*6 cm. radius. 
The figure thus obtained corresponded well with that demanded bv 
the usual theory, namely, 

y — i r oip — p)(h t *73) (!) 

where y = surface tension of liquid-air, here water-air, in dynes per 
cm., r— radius of the capillary tube in cm., p — density of the 
liquid (grams, 'em.), // = density of the air, g — the value of gravity, 
and h = height of liquid rise in cm. to the lowest point of the 
meniscus ; the term ( h + r/3) embodies the correction for the liquid in 
the meniscus. Some authorities give h M / 3 for this correction, where 
k m — the height of the meniscus, but it was found that for water in 
our capillary tubes h m does not differ appreciably from r. Thus, in 
one experiment, r =■= 0*07722, g — 080, p = 0*99016 (at 15°), p ~ 
0*00116, and y = 73 60 (C.G.S. units), whence h (calc.) — 1-917 cm,, 
whilst k (observed, mean value) - 1*921 cm.; this difference falls 
within the possible experimental error of our (I.T.) measurements. 
Hence it was considered unnecessary to measure directly the water 
rise in the capillary when the latter was set in an open vessel at 30 . 
and this figure, is obtained by calculation (as above), taking 
y 30 = 7T34 dynes /cm. 

It will be noticed that y and £ differ considerably. The import- 
ance of this was recognised and the figure given for [i is the mean of 
at least three separate determinations ; all the above constants of 
the apparatus are, at least, means of duplicates, and the experimental 
errors involved are (£) r 7700, p 200, a 500, and 3/500. The value 
of gravity at Ballarat, calculated by the usual formula, is more than 
979*9 cm. /sec. 2 , so that the value 980 may be taken in our 
calculations. 

Xow the interfacial tension is given by the equation 
7 — l0 r hp(h r r;3fi)(d — cf), 

where y = the interfacial tension in dynes per cm., g — value of 
gravity (C.G.S. units), r — radius of the capillary tube (cm.), 
A — the ratio of the difference of level of the two liquids when 
the outer tube is of large diameter to that observed when the outer 
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tube is of small diameter (as in the apparatus), /x — the value of 
one scale-division of the apparatus in cm., h = the difference of 
level of the two interfaces (between the highest or lowest points of the 
meniscuses in and out of the capillary) in scale divisions, and d 
and d! — the densities of the two liquids. 

This formula assumes that the angle of interfacial contact with 
the glass of the capillary tube is zero, a supposition which is supported 
bv the appearance of the; meniscus and by the investigations of 
Richards and Carver on surface tension determinations (see later). 
The critical factor in the equation is X. What is the measure of the 
proportionality between the capillary rise (or fall) due to surface 
tension or interfacial tension when the capillary tube is set in a 
narrow tube and in a wide one? The measurement of surface 
tensions and of interfacial tensions by capillary tube methods is 
more dependent on the diameter of the larger vessel, in which the 
capillary tube is immersed, than is usually appreciated (see Richards 
and Coombs, J. Amer. Chem . Soc., 1915, 37, 1657 ; Richards and 
Carver, ibid., 1921, 43, 827; Rayleigh, Proc. Boy. Soc., 1915, [A], 
92, 184). 

It is probably correct to assume that there exists a constant 
ratio between the weights of liquids raised in the capillary tube 
when the latter is set first in an open or wide vessel and secondly in 
a narrow tube, whether in surface tension or interfacial tension 
measurements. These conditions are as follows : 


Fir;. 1. 



(1) (2) (3) t*t 

For water-air systems (1) and (2), N\>iv$ = (* -f r3)/(S — r 3). 
where %o a and w-'p are the weights of water raised in the two eases 
(wide and narrow tubes, respectively). 

For liquid-liquid (or water-liquid) systems (3) and (4), w a ,w b == 
(a + r/3)/(6 -f r/3) =, by assumption, (a -j- r/3) '({* -f r; 3) — a'/fs , 
and thus v a = w b ( a 4- r/3)/(p + r/3), where w. and ic b are the 
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Table I. 

Interfacial tensions of pure liquids and water. 


1* ■ I J - df * (dynes /cm.}, 

Benzene 80*0° 0-86707 32-50 

Ether 34-6 0-7023 IM3 

Chloroform 01-0 1-4C88 31-41 

Carbon tetrachloride 76-5 1-57426 42-75 

Carbon disulphide 46-45 1-2477 46-31 

Toluene 111-2 0-85604 34-6 

Aniline 184-2 1-01298 6-00 

Nitrobenzene 213-0 1-19219 24-1 

Turpentine 160-6 0-85460 23-0 

Paraldehyde ~ 0-98193 9-60 

Amyl alcohol (I) 131-1 0-8053 4-89 

Amyl alcohol (2) 132-3 0-8036 4-83 

Amyl acetate 140-7 0-8545 10-88 

Ethyl acetate 77-0 0-88694 6-27 

Cresol 206-0 1-02526 4-28 

d 1 /'. I.T. at 10-. 

Benzene — 0-8881 34-10 

Ether -- 0-7247 10-19 

Chloroform 1-5077 32 17 


Table II. 

Interfacial tensions of oils and water at 30°. 


Intorfneial tension (dynes/cm.) after 
Oil df- i hr. 1 hr. 3 hr 8 . 18 hrs. Limit. 

Petrol 0-7078 44-2 44-2 44-2 44-2 43-1 f20 hrs.) 

Kerosene (1) 0-7912 12-9 12 9 12-75 12-5 5-8 (12 days) 

Kerosene (2) 0-7896 36-7 34*6 33-5 32-4 

Kerosene (3) 0-7887 46-2 46-2 45-5 4,7-1 43-2 (45 hrs.) 

300-Test kerosene ( 1 ) 0-S380 39-95 39-55 39-5 39-4 37.5 (29 ) 

300-Test kerosene (2) U-S490 33-3 30-0 26-8 21-7 

Paratfin oil A 0*8688 26-8 23-2 19-8 13.5 (p.) m j 

Parafiin oil B (1) 0-8800 2u-2 17-9 16-5 - 6-0 (27 " ) 

Parallin oil 11 (2) 0-8780 25-9 20 4 17-7 — 8-8 (30 ” ) 

Paraffin oil C U-8972 35-3 33-8 32-3 — 20-5 (30 ”) 

B.l\ Liquid Parallin 0-8689 50-2 49-3 47-4 41-7 26-6 (11 davs) 

Eucalyptus (Cineole) 0-9119 15-05 15-4 15 4 15-1 

Eucalyptus (Phcl- 

landrene) 0-8493 17-75 18-2 - - 1S-7 (22 hrs.) 

Turpentine 0-8615 6-68 O-O.s 6-08 - 7-12 (IS „ ') 

Oleic acid 0-8855 12-So 12-so 12-so 12-80 12-15 (40 ) 

^ toroi! 0*9525 19 9* 19-7 19-0 18-2 16-9 (13dkvs) 

0ilv <? oil 0-9063 17 6 14-9 12-65 10-27 lc-15 [22 hrs.) 

Peanut oil 0-9074 14-75 13-9 12-75 11-2 10 8 (48 „i 

Kape seed oil 0-9049 17-2 16 2 15.41 14.3 

0-9141 5-s3 3-24 1 2 — 0-0 ( 8 ) 

Linseed oil (raw) (1) 0-9338 4-41 4-34 

Linseed oil (raw) (2) 0-9213 7-8* 6-2 5-2 4-4 3-9 (48 .. } 

Linseed oil (boiled) ... 0-9375 9-57 9-10 S-51 7-42 6-9 (46 ) 

Aeatsfoot oil 0-9029 1-85 1-33 (40 minutes) 


* After l hour. 

for \arious times is given for each oil (Table II). The data were 
obtained in the following form . The time of making contact between 
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the second liquid and the water was noted, and after allowing the 
former five or ten minutes to attain the temperature of the thermo- 
stat it was slowly brought to rest at a first position in the apparatus 
so that the levels of the interfaces within and without the capillary 
could be read. The time of reaching this first position was noted; 
thereafter, as long as more water was not run or siphoned out of the 
apparatus, the level of the outer interface was constant, but that 
of the inner interface was in general not constant, the difference 
tending to diminish. For a pure liquid, the data w'ould be as 
shown : 

Interfacial tension of carbon disulphide- w ater at 30°. Apparatus 1. 



First 

position reached ten minutes after contact. 


Head- 

Time of 
reading 
after 
reaching 
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Lewis 

within 
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Ditto rein o 
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11 
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i - 1 8 i • i o 


3 

21 

94-29 

80-54 

7-72 


4 

35 

94-23 

80-48 

7-75 

■2 

5 

8 

87-02 

79-20 

7-82 


0 

19 

87-02 

79-20 

7-82 7- S3 


7 

113 

80-92 

7 9- OS 

7-SI 


and so on. 


It will be noticed that the times given for the readings in set 1 
are taken from the time of reaching the first position and not from 
the time of contact. The first position is reached in from five to 
ten minutes after contact ; but in this time the second liquid will 
scarcely have attained the temperature of the thermostat, and also 
if the second liquid is a viscous one it will lag behind in the capillary, 
and the time before equilibrium is reaehed will be correspondingly 
greater. In general, after setting the outer or annular meniscus 
in the first position, ten to fifteen minutes elapse before equi- 
librium is obtained in the capillary, and for viscous liquids such as 
the fatty oils a longer time is necessary. It will be seen in the rase 
above quoted that after thirty-live minutes the position of the outer 
interface was changed, and after waiting for the capillary interface 
to reach a position of equilibrium a second set of readings was 
obtained. In this case five sets of readings were obtained from live 
positions at various points along the capillary tube, extending, in 
all, over four and a half hours. The mean of each set of readings 
was 7*7o, 7*83, 7*8.7, 7'78, and 7 87, respectively; the general mean 
was h = 7*82, from which the ii ierfacial tension was calculated as 
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46*53 dynes per cm. The mean of five similar sets of readings made 
in apparatus 2 gave h — 8*72, whence the calculated interfacial 
tension is 46*10 dynes per cm. ; the value quoted in Table I is 46*31, 
the mean of the two experiments. The figures in Table I are the 
means of such duplicate experiments, one in apparatus 1 and one in 
apparatus 2, except for turpentine, amyl and ethyl acetates, and for 
the results at 10°. The differences between such duplicates varied 
between 1 per cent, and 0*1 per cent, of the interfacial tension value ; 
on the whole, the interfacial tensions quoted are accurate to within 
4-0*3 per cent. 

Tor the commercial liquids (Table II) the time of a setting was 
usually several hours— in certain cases days, because here k and 
the interfacial tension decrease usually for hours. The data 
(selected) are given below* for peanut oil-water. 

Interfacial tension of peanut oil-water at 30' . Apparatus 1. 

First position reached eight minutes after contact. 

Time of 
reading 
after 


reaching Levels of interfaces : 



position 
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Set. Hooding. 
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s2 

52-60 
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6*01 

11 
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52*63 

58*00 
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12 

1180 

53*22 

58*60 

5*38 

111 

l:i 

59*17 

65*39 

0 22 

hi 

1 501 1 

60*21 

05*37 

5*16 


It will he noticed that on changing the setting the interfacial 
tension or h increase*, but never attains the first value ; this is t lie 
usual behaviour — it is even exceptional that reading 13 should be 
higher than reading S. From a graph showing the relation between 
h and !, the values of h were read after intervals of ] hour. 1 hour, 
3 hours, and IS hours from the time of the first setting. These 
values are given in Table II. In a few cases where the first setting 
was a short one, the figures for the iS-hour column are obtained from 
the second setting, treated as a continuation of t lit 1 first. The 
figures in the last column (limit) of Table II generally refer to the 
last setting, probably the third or fourth of the series, and to the 
last reading of that setting; but where the last setting has been 
a short run or where other changes have occurred tins limiting value 
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may not be actually the last reading. The change of interfacia] 
tension with the age of the interface is shown in Fig. 2 in the cases 
of water with peanut oil, castor oil, and B.P. liquid paraffin ; the 
numerals give the number of the setting— first, second, or third. 
In these cases of changing (decreasing) interfacial tension it will ^ 
seen that the rate of change is smaller the older the interface ; in 
some cases, a limiting value of the interfacial tension is indicated. 
The change is, of course, due to alteration in the character of the 
interface as the result of (1) physical changes, that is, concentration 


Fig. 2. 

Time in hours for B.l\ Paraffin. 

0 20 40 00 80 100 120 140 



Time <r hours for < nsfor Oil. 

4 0 S 10 12 11 10 18 

Time in lours for Peanot Oil. 


there of the components of the mixture that give the minimum 
interfacial tension, or (2) chemical changes, for example, the 
hydrolysis of the fatty oils. Such changes must be referred to 
individually, and as the nature of the material greatly influences 
the results obtained, it is desirable to indicate this with some 
completeness. The experiments recorded in Table IT were not 
duplicated, except in the case of oleic arid, where tin* two experiments 
agreed closely. 

The pure liquids referred to in Table 1 were all of the highest 
grade obtainable when purchased and were subsequently purified. 
Excepting the paraldehyde, they were all distilled, and a fraction- 



POUND : INTERFACIAL TENSION. 


587 


ating column was used for all these liquids save for the aniline, 
nitrobenzene, and cresol. Details of each material are appended : 

Benzene. — Commercial benzene was treated with concentrated 
sulphuric acid for nine days, washed with water, dried over calcium 
chloride, frozen (the residual liquid being rejected), melted, placed 
over sodium for twenty-four hours, and then distilled from sodium. 
The distillate collected boiled within 0*1°, the average boiling point 
(corr.) being 80*0°. Thorpe and Rodger give for benzene the b. p. 
80-2° and a formula making df 0-8672 [Phil. Trans., 1894, [4], 
2 185, 397). Parker and Thompson give for benzene df 0-8878 
and d'i 0-86705 (T., 1922, 121, 1341). The interfaeial tension was 
practically constant ; in one of the experiments at 30° the value 
after four days was 1 per cent, less than the result quoted. 

Ethyl Ether .— This ether had been purified some time previously 
hy drying with calcium chloride, with phosphoric oxide for months, 
with sodium for four months, and distilling from phosphoric oxide, 
and was kept in the dark before the present use. It had b. p. 34-6° 
(corr.) and df’ 0-7195, whence are obtained the figures quoted (by 
Oude man's coefficients of expansion). In the measurements of 
interfacial tension h is small and the meniscus is somewhat 
flatter than usual, so the quoted result may be a little high. Of 
course, ether and water are mutually soluble to some extent, which 
tends to make the ineniscuses flatter and less sharp. The general 
rule is for the interfaeial tension between two liquids to diminish 
with rise of temperature, and the exceptional result noticed in this 
case is explained by the varying solubility of ether and water with 
the temperature. 

Chloroform . — The best commercial article was repeatedly washed 
with w r ater, once with caustic soda solution, and again with water 
and was then dried over calcium chloride and fractionated. The 
distillate collected boiled at 61 *0 (corr ) ; it hadd/ 1-49734, whence, 
by Thorpe and Rodger’s data, d, 1*4688. The latter observers 
give b. p. 61-34° and d. 1-4695, agreeing with Timmermans. Horst, 
and Onnes ( Compt . rend., 1922, 174. 365). From Hera and Rath- 
maims data (1913), d; 1-4701. The interfaeial tension was 
practically constant, the mean results being 31-40 and 31*41 dynes 
per cm. The chloroform becomes cloudy after an hour or so in the 
apparatus, but this change does not seem to be rctlected in the value 
of the interfaeial tension ; after keeping with water for two months, 
a slight cloud is noticed at the interface and on disturbing the liquid 
the cloud sinks through the chloroform. 

Carbon Tetrachloride - The commercial material was treated with 
caustic soda solution, washed with water, dried with phosphoric 
oxide, and distilled. The distillate collected boiled within 0*1 c , 
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the average boiling point (corr.) being 76*5°. Thorpe and Rodger 
give b. p. 76*96° and df 1*57344, and Timmermans, Horst, and 
Onnes give b. p. 70*7o°. Herz and Rathmann give 1 o74i, 
which is confirmed by Onnes’s value at 0°. The interfacial tension 
was constant — in one experiment for more than twenty-four hours ; 
the duplicate values were 42*62 and 42*88 dynes per cm., the mean 
of which is quoted. 

Carbon Disulphide . — The commercial material Avaa shaken with 
mercury and mercuric chloride at intervals during two days and 
filtered on to phosphoric oxide, from which it was afterwards dis- 
tilled. The distillate collected came over within 0*08°, the average* 
boiling point (con*.) being 40*45°. Its density, d\ y , was found to he 
1*27033, whence, by Thorpe and Rodger’s coefficient of expansion. 
df 1*24774. These workers give b. p. 46*42° and 1 *24720; 
Onnes and his collaborators give b. p. 46*25° and, using Thorpe 
and Rodger s coefficient of expansion, d'l } 1*2478. r lhe interfacial 
tension was constant (see above). 

Toluene . — The commercial material was shaken with phosphoric 
oxide and distilled therefrom after some hours. Two fractions were 
collected, the first boiling within 0*4° with the average b. p. (corr,) 
111*0°, the second boiling within 0*3“ with the average b. p. 111*3'. 
The first fraction had d 0*85612, the second had d*! 0*85596. 
The interfacial tension at 30' of the first toluene and water was 
found in apparatus 1 to be 34*80 dynes per cm., the mean value of 
7 settings during six hours, during which the interfacial tension 
decreased slightly (about 1 per cent.); and the interfacial tension 
at 30° of the second toluene and water was found in apparatus 2 
to be 34*40 dynes |K.*r cm., the mean of 7 settings of the same accuracy 
as before. In Table 1, the mean density, boiling point, and inter- 
facial tension of the two samples are recorded. If either or both 
samples are mixtures, the quoted iutorfacial tension is probably a 
little low*, as a mixture* in general has a lower value than its com- 
ponents. Timmermans, Horst, and Onnes give the b. p. of toluene 
as 1 10*7" and d. 0*88445, whence, taking the coefficient of expansion 
as 0-00109 (Kaye and Laby's tables), d; 0*8564. 

.4 nilinc . — Hopkins and Williams's ** twice distilled aniline' was 
redistilled, and the pale yellow distillate collected came over within 
0*5", the average boiling point (corr.) being 184*2°. I he b. p. ef 
aniline is given as 1S4*30° (Knowles, J. hid. Chan., .1920, 12, 
S8i), with a density at 15 that makes df 1*0136. The interfacial 
tension decreases slightly with time -by about 1 per cent, of the 
value in three hours in each setting, regaining this amount on 
resetting; the value recorded is the mean of the values obtaining 
to half an hour in all settings. After keeping with water for twu 
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months, there was much cloucl or white sediment at the interface ; 
the aniline layer was then brown, but the dry aniline stock was only 

straw-yellow. 

Nitrobenzene - --The commercial material was shaken with caustic 
soda solution and with water, dried over calcium chloride, and 
distilled. The bright yellow distillate collected came over within 
1°, the average b. p. being 213 0° (corr.). The interfacial tension 
was constant for more than fifteen hours ; but after the nitrobenzene 
had been in contact with the water for about three hours a white 
substance appeared in it at the interface — both in the annulus and in 
the capillary. The nitrobenzene became cloudy shortly afterwards. 
On keeping for two months in contact with water, the nitrobenzene 
remained yellow though cloudy, but that kept dry had become orange. 

Turpentine , — The commercial material Avas an American turpen- 
tine, [a]‘y -f- 0*1°. It was shaken with caustic soda solution and 
with Avater, and was dried with and distilled over calcium chloride. 
The distillate collected boiled from 159-6° to 161-6° ; it was slightly 
milky and Avas placed over calcium chloride for two days; it had 
then cleared, but had developed a slight yellow tinge; it Avas 
filtered off and used immediately. It now had [a]V; -f 0-7°. In 
the first setting the interfacial tension was constant for more than 
one and a half hours at 23-0 dynes per cm,, hut thereafter it fell to the 
value 20-4 in seventeen hours. After the mixture had been kept 
for forty-five hours in the apparatus on the fifth setting, the inter- 
facial tension had risen to 24-5 dynes per cm. : it subsequently fell to 
23-0 after the mixture had been kept for sixty-five hours in all in the 
apparatus. The cause of this rise of interfacial tension with time 
is possibly oxidation (or hydrolysis?) of some components of 
the turpentine Avhereby the liquids at the interface are altered. 
The turpentine and the eucalyptus oils of Table TI show a similar 
behaviour. 

Paraldehyde . — The raw material Avas Morson's best B.P. paral- 
dehyde; one-third of it was frozen out and the remainder poured 
off. (The freezing point of the original sample Avas about 10°. ) 
The crystallised paraldehyde Avas melted and used. \Y. H. Perkin 
gives data indicating that his paraldehyde had rf. 0-981 1G (T., 
1884, 45, 470). The measurements of intcrfacial tension are com- 
plicated by the solubility of the paraldehyde in Avater (1 part in 
about 8 parts of water at 30°). The outer meniscus does not remain 
stationary, hut rises; also, as the liquids dissolve one another, it is 
clear that ( d - d') must alter appreciably, since the difference of 
density is small to begin with. The value recorded may be taken as 
the maximum value, whilst for fresh surfaces the interfacial tension 
may be as low as 9-13 dynes per cm. 
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Amyl Alcohol. — The commercial material was placed over calcium 
chloride, which combined with the water and then with the alcohol, 
and sonic of the alcoholate dissolved in the liquid, making it more 
viscous. After two day's the liquid was filtered hot and then 
fractionated. Two distillates were collected; the first came over 
within 1*3°, its average boiling point (corr.) being 131*1°, whilst the 
second distillate came over within 0*9°, its average boiling point 
being 132-2°; during the distillation further calcium chloride 
separated out. The first sample had df 0 8053 and [oc]lf — 1*3 3 ; 
the second sample had df 0*8036 and [a] 1 ,;— 1T°. Both samples 
were mixtures of several amyl alcohols, the main component being 
i'sobutylcarbiuol, optically inactive or fermentation amyl alcohol. 
For the latter substance Perkin gives b. p. 131*5° and data indicating 
df O'SOIT. The interfacial tension of sample 1 w ? as practically 
constant during nineteen hours, the mean value of four settings 
being given. The interfacia 1 tension of sample 2 decreased slowly, 
giving a value 10 per cent, lower than the recorded figure after 
eighteen hours ; the first setting of one hour gave a constant inter- 
facial tension, which is recorded. Both the recorded values may 
be somewhat lower than the interfaeial tension of pure wobutyl- 
carbinol. 

Amyl Acetate . — The commercial material was washed with 
caustic soda solution and with water, dried over calcium chloride, 
filtered, and distilled. The distillate collected, a rather small 
fraction, boiled within 1-3° with average b. p. 140*7° (corr.); it 
had [at]|v +0*3°. It is probably mainly laobutylcarbinyl acetate. 
The interfacial tension was constant during three hours, the mean 
value being recorded ; after twenty-one hours, the value was 10*77 
dynes per cm. With this liquid, only one experiment was done. 

Ethyl Acetate . — The commercial liquid was washed with sodium 
carbonate solution and with water, dried over calcium chloride, 
filtered off, and fractionated. Two fractions were collected; the 
first came over within 0*5° with average b. p. 76*6° (coit.); the 
second came over within 0'2° with average b. p. 77*0° (coit.). The 
first fraction had d[ 0*88567, and its interfaeial tension was *3*84 
dynes per cm.; the second fraction had rf;” 0*88694, and its inter- 
facial tension was 6*27 dynes per cm. ; in both cases the value had 
decreased by about 3*5 per cent, after eighteen hours. 

Perkin abandoned fractional distillation as a means of purification 
of ethyl acetate and synthesised it; he found for the pure liquid 
b. p. 77*5° and rf-* 0*88818. Timmermans, Horst, and Onnes give 
b. p. 77*15°, and a density at 0 which, by Thorpe’s coefficient of 
expansion, gives d\ 0*8885. It seems as if our sample of ethyl 
acetate contained alcohol (d^ 0*78075) ; but the second fraction was 
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almost certainly the purer and it gave the higher interfacial tension, 
which therefore is alone recorded in Table I. 

Cresol . — The commercial material was a dark red liquid arid was 
distilled slowly, a considerable amount of first distillate and of residue 
being neglected. The light yellow distillate collected came over within 
3°, the mean b. p. being 206 0° (eorr.) This is high compared with 
the b. p.’s of o-, m-y and p-cresols given by Campbell (T., 1922, 121, 
850 ; 192° to 202°). His densities for m - and p-cresols are comparable 
with ours, his density for o-cresol being slightly higher. Our crcsol 
is probably a mixture of the three isomerides together with some 
higher homologues. The interfacial tension increases with time; 
the figure recorded is the mean of the values of the first settings of 
the duplicate experiments, 4 41 and 4T5 dynes per cm., respectively, 
as the increase of intcrfacial tension is not appreciable for the first 
hour; after three hours there is an increase of about 10 per cent, 
in the value, and after eighteen hour's an increase of about 20 per 
cent. This behaviour may be due to the solubility of the cresol 
in water, crcsol on the average forming a 2| per cent, solution in 
water at 20° (Campbell, loc. cit.). It was noticed that the cresol in 
contact with water darkened in colour more rapidly than that kept 
dry in the stock bottle. 

The liquids referred to in Table IT were good commercial materials 
and were used as obtained. The first eleven liquids are products 
from American petroleum, that is, a Pennsylvanian or paraffin base 
crude oil, which was fractionated and refined by the Vacuum Oil Co. 

The Petrol (motor fuel) was obtained (after refining, etc.) from that 
fraction of the crude petroleum boiling below 150 3 . The intcrfacial 
tension of this sample of petrol was constant during more than 
twenty-four hours and showed but a slight lowering after that 
time. 

The Kerosene (illuminating oil) was the product obtained from the 
second distillate of the crude petroleum, namely, that boiling 
between 150 c and 300°. The three samples of kerosene were of the 
same brand. Kerosene (1) was purchased locally. It showed a 
low intcrfacial tension compared with kerosenes (2) and (3), and 
after twenty -four hours the value diminished continuously, becoming 
less than half of the initial value after eleven days. Although 
obtained and used in good faith, it is certain that this sample con- 
tained some impurity (dissolved grease l) that gave it the low and 
decreasing intcrfacial tension. Kerosene (2) was a special sample 
obtained from the Vacuum Oil Co. Kerosene (3) was purchased 
locally, the sample being taken from a freshly opened 4-gallon tin 
with precautions to avoid contamination. Its intcrfacial tension 
decreased slowly. These three examples illustrate the differences 
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that may occur with different samples of one substance or product, 
especially when the property under investigation is, like interfacial 
tension with water, one that is markedly influenced by the presence 
of small amounts of impurity. 

The third distillate, that boiling above 300°, of the crude petroleum 
yields on further distillation a high fire-test kerosene, and from 
the residue the various lubricating oils are obtained. 300-7V<?( 
Kerosene is a kerosene with a flash-point about 300° Fahr. Two 
samples were given to the author by the Vacuum Oil Oo. Sample (l) 
had the higher initial interfacial tension, and this decreased con. 
tinuously save for temporary rises on fresh settings, as is usual; 
sample (2) had the lower initial interfacial tension, and this decreased 
more rapidly than that of (1). Sample (2) was very faintly yellow 
and slightly opalescent; sample (1) was light yellow and was 
filtered before use. 

Paraffin Oils A, B, and C were lubricating oils presented by the 
Vacuum Oil Co. to the author, whose thanks are due, not only for 
these special petroleum products, but also for several fatty oils and 
for the following information (average values) supplied therewith. 

Viscosity at 40° Flash point (open 


Oil. 


[C.G.K. units). 

Cleveland cup) 


0858 

o-or.20 

270 e Fahr. 

Paraffin oH A 

OSO.i 

0-11(5 

340 „ 

Paraffin oil 13 

O-8'JU 

0-212 

405 

Paraffin oil C 

O-ffOS 

0-4-10 

435 .. 


Paraffin Oil A was a lubricating oil for the lightest machinery; it 
was pale brown by transmitted light and greenish-yellow by reflected 
light (fluorescence or bloom) ; it had a slight odour like that of 
kerosene. Its interfacial tension changed rapidly at first, but 
more slowly after five hours. 

Paraffin OH B was a light-machinery lubricating oil. It was 
reddish-brown by transmitted light and greenish -blue by reflected 
light; its odour was very slight indeed. Two samples of this 
material were investigated ; both gave decreasing interfacial tensions, 
but sample B(2) gave a higher value at. the start. 

Paraffin Oil C was a medium-machinery lubricating oil. It was red 
by transmitted light and greenish -red by reflected light ami was 
practically odourless. Its interfacial tension decreased with time, 
but more slowly than those of the oils A and 13 ; tins may be due to 
the fact that the heavier petroleum products arc closer fractions, 
containing the fewer individual paraffins. 

B.P. Liquid Paraffin.— The British Pharmacopeia specifies a 
density of 0*860 to 0*800 at the ordinary temperature for this 
material, which is a colourless, viscous liquid, produced by treating 
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an oil like paraffin oil B with fuming sulphuric acid and subse- 
quently filtering through Fuller’s earth. Its interfacial tension 
decreased continuously over a long period ; in the second and third 
settings (at least) the value after the first ten hours or so decreased 
linearly with the time (see figure). 

Two typical samples of eucalyptus oil were used. The Eucalyptus 
(cineak) was given by John Macleod and Co. of Ballarat, whom the 
author has to thank also for the samples of castor and olive oils. 
This eucalyptus oil was pale yellow and was obtained from the 
southern Malice. It was guaranteed to contain more than 80 per 
cent, of eineole (euealyptol, C 10 H 18 O), the remainder being probably 
chiefly pinene and aromatic aldehydes. This oil had df 0*912 or 

0*924. Pure eineole is quoted as having d\-‘ 0*929 and [a]l? -j- 1*1 0 ; 
its surface tension at 13 a is 29 0 dynes per cm. The interfacial 
tension decreased slowly with time in the first- setting of eighteen 
hours ; the next setting gave a slightly higher value, 16*0 dynes per 
cm. for the first five hours, after which the interfacial tension 
decreased slowly. 

The Eucalyptus (phdlandrene) was a faintly straw-coloured oil 
composed mainly of phellandrcne, C I0 H 16 , and containing little or no 
eineole. It was obtained from Eucalyptus dives and was presented 
by\V. K. Burnside and Co. of Melbourne. Phellandrcne is quoted 
as having d\ : : 0*853. This oil had d? 0849 or d\ 0 861, and 
— 13*6° ; its surface tension at 13 : was 28*75 dynes per cm. 
It gave with water an interfacial tension increasing with time. 
After it had been kept for twenty-two hours in the apparatus, the 
interfacia] tension for the next setting of three hours was constant 
at 1S*7 dynes per cm. 

The Turpentine was bottled bv Winsor and Newton, England ; the 
bottle was well corked and sealed, but the sample may have been nine 
years old. It had a pale yellow tinge, and [a]|; -j- 12*0 y indicating 
that it was probably of Russian or Swedish origin. Its interfaoial 
tension was constant for four settings, extending in all over five 
hours, after which time the value increased. This behaviour is 
similar to that of the purified turpentine and of the eucalyptus 
oils. 

The Okie Acid was a clear yellowish-brown liquid which was 
wholly solid at winter temperature (about 1 2 5 ). It gave a practically 
constant interfacial tension for fifteen hours, showing if anything a 
slight increase from the initial value : thereafter the value diminished 
slightly. 

The remaining samples were typical fatty oils. In these experi- 
ments on interfacial tension evidence was seen of the action of 
water on the oil. A turbidity developed in the oil in the apparatus 



594 


POUND : INTERFACIAL TENSION. 


after a time, and a white material appeared at the outer meniscus 
and at the glass surfaces in contact with the oil, that is, at the outer 
wall of the capillary tube and the inner surface of the graduated 
tube above the annular interface. Presumably a film of water was 
left between the oil and the glass when the oil was run down into 
position. Hydrolysis of the fatty oils of course gives the fatty acids 
and glycerol ; the turbidity may have been due to both of these and 
in addition the glycerol may have passed into the water at the inter- 
face. These changes in the nature of the interface were reflected in 
the lowering of the interfacial tension, although the initial lowering 
may be accounted for by the complex nature of these materials 
and the concentration of the components of lowest interfacial 
tension at the interface. In two experiments (those with neatsfoot 
and maize oil) the interfacial tension fell practically to zero after a 
few hours. In many cases the experiment had to be stopped because 
the turbidity was such as to make further readings impossible. 
The time interval in hours before turbidity appeared in an oil in 
contact with water at 3(E was roughly as follows : for maize oil 
neatsfoot J, raw linseed 4, olive 3, peanut 5, rape seed G, boiled 
linseed 6, and castor oil 300. These times bear no simple relation to 
the common characters of the oils such as their iodine value or acid 
value. 

The Castor Oil was of English manufacture or refining and was 
cold-drawn oil of finest medicinal quality. The interfacial tension 
decreased with time in the usual wav, but not rapidly ; the initial 
value recorded may be somewhat high, for the oil, on account of its 
great viscosity, lagged behind in the capillary tube and even after half 
an hour may have been above the equilibrium position. During the 
later stages of the later settings the interfacial tension decreased very 
slowly, seeming to reach a limiting value. No turbidity was noticed 
in the oil or at the interface even after fourteen days. 

The Olive Oil was a sample of the best Spanish olive oil. The 
interfacial tension decreased with time. The figures recorded refer 
to the first setting, in which the lowest value was reached; the 
third setting gave after one hour the value 14 5 dynes per cm., and 
after forty -nine hours 103 dynes per cm., but the oil had then been 
turbid for a long time. This means that the contaminated surfaces 
had lower initial interfacial tensions and a slower rate of change than 
the fresh surfaces, but the latter inav have been due to mechanical 
restriction of movement only. 

The Peanut Oil , also known as earth-nut or arachis oil, was senn- 
solid at 10°; it was melted and filtered before use, giving a clear 
lemon-yellow liquid with nutty odour. Jts interfacial tensiou 
data have been given at length above. 
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The Rape-seed Oil was clear and orange -coloured — a shade lighter 
than the maize oil. 

The Maize Oil was orange-coloured, with a slight green fluorescence ; 
it was slightly opalescent and smelt like castor oil. After contact 
^vith water, the oil lost its reddish-brown tint and became yellowish - 
brown. It developed turbidity with the water very rapidly and 
its interfacial tension decreased almost to zero within eight hours, 
the annular meniscus becoming flat and covered with the white 
deposit and then crinkling and moving as a skin. 

The Raw Linseed Oil (1) was a sample bottled by Winsor and 
Xewton, England. It was a perfectly clear, light yellow oil and 
very fluid. It also developed turbidity with great rapidity in con- 
tact with the water. The interfacial tension in the first setting of 
one hour decreased as shown in Table II ; on re-setting, the value 
after a quarter of an hour was 5 3 dynes per cm., from which it fell 
to its initial (set 1) value in nineteen hours. The second-set figures 
are not shown in the table, as they refer evidently to self-contami- 
nated surfaces (compare olive oil). 

The Raw Linseed Oil (2) was a sample drawn from a cask obtained 
from Blundell, England. It w as clear yellow’ and slightly opalescent. 
The initial interfacial tensions recorded may be too high, as a narrow- 
capillary tube w’as used (only) in this experiment. 

The Boiled Linseed Oil , Blundell’s, was somewhat reddish- browm. 

The JY entsfoot Oil was melted and filtered hot, when it formed a 
clear brown liquid. It was rapidly changed by contact with w ater, 
and its initial low interfacial tension rapidly decreased and after 
forty minutes tin* oil became so turbid that the experiment had to 
be stopped. 

Table III gives the surface tensions of certain commercial liquids, 
and their initial interfacial tensions w ith water at various temper- 
atures. In this table, where ‘ saturated ” (sat. or s.) follows the 
name of the oil, the latter was shaken with water beforehand, and 
the determinations were carried out on the oil so saturated with 
water and on the water so saturated with the oil ; where “ fresh ” 
follows the name of the oil, the determinations were carried out 
on the commercial oil ns supplied, and the figures for the water 
refer to distilled water. The figures in brackets are not determin- 
ations, but standard values taken from the usual sources. The 
interfacial tensions refer to a short time, not more* than half an hour, 
after setting in the apparatus 3. Table III shows that the intcr- 
tacial tensions between these liquids and water are considerably 
smaller than the difference between the surface tensions of the 
mutually saturated liquids or of the fresh liquids. Also the inter- 
facial tensions are smaller than those between the purified liquid# 
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Table III. 


Interfacial tensions of oils, etc. 


Density (4 ) 
I.T. of water, 


Oil (fresh, or 
saturated with 
water). 

(1) Benzene (sat.) ... 

(2) Benzene (fr.) ... 

(3) Carbon tetra- 

chloride (sat.) 

(4) Turpentine (sat.) 

(5) Kerosene (sat.) 
(ti) Kerosene (sat.) 

(7) Kerosene (fr.) 

(8) Toluene (fr.) ... 

(9) Olive oil (fr.) ... 


Density (4 ) 
of oil, 
Temp. f. or s. 

11° 0-8851 

18 0-8783 

13 1-0084 

12 0-8707 

12 0-S039 

15 0-8020 

13 0-8035 

25 0-8000 

22 0 9114 


dynes /cm. 

f. or s. 

* 22-5 

— 

33-3 

(0-9980) 

42-7 

1-0001 

15-0 

0-9997 

19-8 

0-9998 

19-0 

0-9995 

15-9 

(0-9994) 

31-7 

— 

19-7 

— 


Surface tension 


of oil, 

of water, 

f. or s. 

f. or s. 

28-9 

(73-1) 

28-0 

73-8 

28-2 

62-1 

2(>-9 

70-7 

20-8 

71-7 

28-9 

(73-9) 

28-4 

(72-1) 

(33) 

(72-5) 


Note : The surface tension of fresh (that is, dry) carbon tetrachloride at 
13 = = 28 0 dynes. cm., and of fresh turpentine at 12° -- 29-2 dynes/cm. 

In the above table the iigurcs on each horizontal line refer entirely to 
either the fresh liquids or the mutually saturated liquids as stated. 


and water. For example, from Table I, the interfacial tension at 
25° of toluene-water would be 34*9 dynes per cm. (using the benzene- 
water interfacial tension temperature coefficient; see below); in 
Table III is given the value 31*7. This toluene was the parent of 
the pure sample of Table I and was itself fairly pure. The benzene 
(2) of Table III was apparently a good commercial sample; its 
interfacial tension was remarkably high. Harkins and Humphrey 
(loc. cit.) give for the interfacial tension of benzene- water the 
formula 7 — 35*54 — 0*056f; this gives y 30 — 33 SO, 7^ — 34 53, 
and y 10 - - 34-98 dynes per cin. Our values for purified benzene 
are lower than these. The benzene (1) of table III uas a different 
sample of commercial benzene, and the saturated solutions used 
here were six weeks old. The turpentine of Table III was the parent 
of that of Table 1. The kerosene of Table 111 was the kerosene (1) 
of Table II, and experiment (7) of Table III compares directly with 
that in Table II. Experiment (6) differs from (5) in that the 
saturated solutions were filtered before use in the former experiment, 
which was made a fortnight later than (5). The interfacial tension 
result in (7) is lower than those in (5) and (6) because impurities, 
concentrating at the interface, directly affect the former, "hikt 
they are removed or remain behind in the separating funnel and 
cannot affect the latter. The olive oil in Table HI is the same as 
that in Table II; the interfaeial tension at 22 > falls rapidly from 
the figure recorded. 

In the ease of the pure liquids and water (Table 1), the liquid* 
that are appreciably soluble in water tend to give low interfacia 
tensions in contact therewith, or there is a general correspon <nce 
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between the mutual solubility and the interfacial tension of two 
liquids. Both phenomena are largely influenced by mutually 
attracting groups in the molecules of the two liquids concerned; 
this view is a combination of the ideas of Young and of Langmuir. 
Thus the behaviour of benzene, toluene, carbon tetrachloride, chloro- 
form, and carbon disulphide, and even of petrol and kerosene, may 
be contrasted with that of aniline, ether, amyl alcohol, and cresol. 
The former are saturated compounds or at least self-satisfied (as 
benzene) or, as it may be put, not prone to exercise secondary 
valencies; they arc slightly soluble in water and vice versa, and 
their interfacial tensions with water arc high. On the other hand, 
aniline and the oxygen compounds are potentially unsaturated and 
tend to exercise further valencies; they arc appreciably soluble in 
water and vice versa, and their interfacial tensions with water are 
low. The interfacial tension between two liquids, A and B, is given 
by yar = Ya — Yb (see p. 578). If A stands for water, w hich has 
the highest surface tension of ordinary liquids, then a low inter- 
facial tension between another liquid, B, and water must be due to 
the aqueous solution A' having a lower surface tension than that of 
water or to the solution, B', of water in the liquid B having a higher 
surface tension than that of the pure liquid B ; that is, y A must be 
less than y A , whilst y B must be greater than y R , or both causes must 
operate. Now, when water dissolves in an organic liquid, the 
increase of surface tension is small. In Reynolds' $ results ( loc . cit.) 
at about 18°, only two instances of such a rise of surface tension 
occur, namely, with benzene (04) and with aniline (0-3 dynes 
per cm.) ; with carbon tetrachloride, petrol, and turpentine, on 
saturation with water, then 4 is no change of surface tension, and 
with his other liquids there is a slight fall of 04 to 3 dynes per cm. — 
on the average, 0*7 (compare Tabic 111). But the lowering of the 
surface tension of water by the dissolution of even a small amount 
of an organic liquid in it may be large, for example, at 18' the surface 
tension of water is 73 dynes per cm., but on saturation with benzene 
the surface tension, according to Reynolds, becomes 63, with aniline 
46, with ether 28, and with amyl alcohol 26 dynes per cm. The last 
two figures are the lowest recorded for such aqueous solutions by 
Reynolds (compare Table III). This fall of surface tension is 
roughly proportional to the amount of the organic liquid that 
dissolves in the water. Hence a low intcrlacial tension is determined 
more by the solubility of the organic liquid in the water than by 
that of water in the organic liquid: for example, compare carbon 
disulphide and chloroform — the latter is the more soluble in water 
and hence gives the lower interfacial tension with water, but water 
is more soluble in carbon disulphide than in chloroform. However, 
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the solubilities of partly miscible liquids generally rise and fall 
together, that is, if the solubility of A in B is large, then that of 
B in A is large also. In conclusion, then, the interfacial tension 
between two liquids, which equals the difference between the 
surface tensions of the mutually saturated liquids, is always the 
less the greater their mutual solubility; and when the mutual 
solubility is marked, the interfacial tension is much less than the 
difference of surface tensions of the pure liquids. The former is 
dependent on certain causes, to which also is due (at least in part) 
the mutual solubility of the liquids, but the interfacial tension 
depends as well on physical and chemical changes at the interface- 
changes of a different order from solution changes, although the 
underlying causes may be the same. The molecules of one liquid 
may be able to arrange themselves economically (that is, in a system 
of minimum potential energy) with those of a second liquid at an 
interface, without being able to intermingle freely with the latter; 
the former may be able to accommodate themselves to the latter at 
an interface (of approximately two dimensions) but not in a volume 
(that is, in three dimensions). 

With the paraffin oils of Table II the interfacial tension is some- 
times high, which probably is the normal behaviour of a pure 
paraffin (single substance) insoluble in water (compare Harkins, 
loc. ciV., who gives the interfacial tension of hexane- water as 49*5 
dynes per cm. at 25°). The low interfacial tensions of most of these 
paraffin oils are probably due to their being complex mixtures and 
to the physical concentration at the interface of the components of 
lowest interfacial tension, or to the arrangement of the molecules 
at the interface in the configuration of least interfacial energy. Such 
a configuration is to be considered as a dynamic system and not as a 
static condition of the molecules. In this case a small amount of 
an impurity may well make a considerable difference in the system 
or in its stability and hence in the variation and diminution of the 
interfacial tension with time. It is well known that a mixture has 
this accommodating power of surface energy, for example, soap films, 
and stable froths on solutions. The eucalyptus oils and turpentine 
are appreciably soluble in water and therefore their interfacial 
tensions are low. In the case of the fatty oils, the low interfacial 
tension must be ascribed in the first place to their being complex 
mixtures and in the second place to their hydrolysis with water. 
No data could be found on the rate of saponification of the fatly 
oils with water at low temperatures. Lcwkowilseh, in experiments 
on the hydrolysis of fats and oils by dilute acids at the boiling point, 
points out that castor oil is very slowly acted on compared with 
rape and other oils, and also that rapid saponification is usually, if 



FOUND : INTERFACIAL TENSION. 509 

not always, dependent on emulsification, indicating that at the 
interface between the oil and the water saponification is rapid. 
That chemical action is rapid at the boundary of two phases is now 
well reeognised, the catalytic action of surfaces being due to inter- 
facial concentration, condensation, or absorption, all of which 
are related to changes in interfacial energy. Certainly the oils that 
the soonest gave evidence of hydrolysis at the interface were those 
of the lowest and of the most rapidly diminishing interfaeial tension. 


Summary. 

The interfaeial tensions of pure liquids in contact with water 
are constant at one temperature. The authors values are in 
general agreement with previous determinations. The interfaeial 
tension between two liquids is the less the greater their mutual 
solubility. 

The interfaeial tensions of commercial liquids or oils in contact 
with water usually vary with the age of the interface; they nearly 
always decrease with time. In these eases the interfaeial tensions 
are less than the difference of the surface tensions of the saturated 
liquids. The diminution of interfaeial tension with time is pro- 
nounced even when chemical action between the liquids is im- 
probable, for example, with paraffinic oils and water. It may be 
concluded that a mixture (of oils) will always give a variable inter- 
faeial tension with water due to physical concentration at the 
interface of the comjxuionts giving the lowest interfaeial tension. 
Further, when chemical change occurs at the interface, the tension 
will alter; in particular the fatty oils suffer hydrolysis in contact 
with water, and the resulting changes at the interface help in the 
lowering of the interfaeial tension. The rate of lowering of inter- 
facial tension frequently becomes slower as the interface ages; 
however, it can scarcely be said that there is anv inferior limit to 
interfaeial tension but zero. 

In conclusion, the author desires to thank those firms who 
kindly gave samples of oils, especially the Vacuum Oil Co. of 
Melbourne. 

Tim School of Minks, 

Ballarat, Victoria. • Iifct m Ih r is lU, 1 Uii. / 
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LXXI . — Rotatory Dispersion of the Esters of Lactic 
Add. Part l. Normal Esters . 

By Charles Edmund Wood, John Edward Such, and Frank 
Scarf. 

This investigation deals with the normal alkyl /-lactates from tlx* 
inethyl to the nonvl ester inclusive. 

The esters of lactic acid have been the subject of many iuvesti- 
gations, notably by Purdic and Walker (T., 1802, 61,754; 1 893, 

Fig. 1. 

X or nut l alkyl lactutw. 

45 ° 



4*3 Methyl Ethyl Propyl Ilutyl A >/>!/? Hexyl Ileptyl Octyl Sor.yl 
0 A 1H) . (I'ayi 's vulitnt {nunu rXnl 20 ■ A - — 5S03. 


63, 1143; 1895, 67. 616, 916), Purdic and Williamson (T., 1896, 69, 
818), Purdic and Irvine (T., 1899, 75, 484), Frankland (T., 1899. 
75, 357), Patterson (T., 1913, 103. 22(53), and Guyo and Warmer 
{,/. Ckim. Phys., 1903, i, 257), but little eomju*ehensive data dealing 
with the effects of temperature and change of wave-length on the 
optical properties are known for the scries. Particular interest 
attaches to this typical homologous series, because each member 
is derived from the simplest active acid known, which possesses 
one asymmetric carbon atom only. 

All the results given by Guye and Wassraer {lor. cit.) were obtained 
by calculation, because the initial products used in the preparation 
of the esters wen 1 only partly active. The reason for t his is that 
a more complete resolution of lactic acid can be |x*rforme<l by the 
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use of morphine than by the older method of the fractional crystallis- 
ation of the zinc ammonium salts. In the work now described, 
the rotatory power of the n -propyl and rc-butyl esters was higher, 
and the rotations of the w-heptyl and w -octyl esters were lower, 
than the calculated values obtained by Guye. With regard to the 
last two esters, no mention is made by the above authors of the 
source or boiling points of the respective alcohols employed; more- 
over, the low boiling point of the octyl ester would appear to indicate 
the presence of branched-chain compounds in their ester. 

A further point of interest is that Guye obtained dispersion ratios 
by means of light filters of different solutions. 

The various other workers who have prepared the methyl and 
ethyl derivatives are referred to in the experimental section, where 
their results are compared with the values obtained by us. 


Molecular rotatory power of different esters for certain wave-lengths 

(Kg. 1). 


Alkvl 


L-Wjx 







MactuU’. 

X 0503. 

5893. 

5080. 

4455. 

0503. 

5893 

5086. 


Methyl 

-0-97° 

H-59 J 

10-08 

I2U ; 

8-89' 

11-20 

14-T0 : 

17-84 

Ethyl 

10-85 

13 37 

17-13 

20-72 

13-28 

10-47 

21-40 

20-05 

>i- Propyl ... 

14 05 

17-44 

23-02 

28 37 

15-89 

19-50 

20-38 

3 9 -KL 

/i-Butyl ... 

10-00 

19-58 

25-72 

31-70 

17 05 

22-05 

29-39 

37-45 

ri-Amyl 

10-17 

20-10 

20-08 

33-07 

18-24 

22-51 

30-os 

38-00 

n- Hexyl ... 

17-53 

21-25 

28-03 

35-10 

20-71 

25-40 

34-00 

[ 42-45 

?i-He|/tvl ... 

1700 

21-33 

28-41 

35-48 

18-73 

23-54 

31-02 

39-03 

M-Octyf ... 

15-21 

18-91 

24-90 

31-72 

10-50 

2o-S3 

27-88 

30-77 

rt-Nonyl . . . 

10-4U 

19-85 

20-80 

33-50 

1 8-80 

23-27 

31-40 

39-75 


the series of normal esters gives molecular rotations which lie 
011 a depressed curve for each of the above wave-lengths for the 
two temperatures recorded. The curves become more divergent 
as the molecular weight increases up to the hexyl or hcptyl ester, 
and then tend to become parallel towards the nonyl ester. They 
all pass through a maximum value which persists (as far as our 
experiments show) at the hexyl ester, except for the lower temper- 
ature, in which case the molecular rotation increases slightly on pass- 
ing from t ho hexyl to t he hcptyl member, for wave-lengths up to 
A. I The maxima become more pronounced at higher Tem- 

peratures and on passingfrom the red to the blue end of the sped rum. 

it is possible that exaltation in rotatory power may he produced 
>y a chain of five atoms returning upon itself, even when one carbon 
a um is replaced by oxygen. This may explain the maximum 
occurring at the hexyl ester, which contains a chain of ten atoms. 

* 0 conclusion may be drawn in this way concerning the methyl 
er, a five-atom chain coinponnd, as it is the first member of the 
-eries. The similarity in the properties of the methvl and the 
V <JL. CXXIII. 1 



602 WOOD, SUCH, AND SCARF : ROTATORY DISPERSION OF 

amyl ester is dealt with in the experimental section ; the abnor- 
mality in their behaviour may be due to the fact that they terminate 
at approximately corresponding points on the helical carbon 
chain. 

Guye gives the following table of molecular rotations : 

FropyL n- Butyl Heptyl Octyl 

(Maetate. /-lactate. rf-lactate. (/-lactate. 

[M\\ t -15-9° 18) +17 0° (i° = 17) -27-2° (f° -=20) -28*9° - I g) 

All these figures are the result of calculations based on the per- 
centage of w*ater of crystallisation in the active materials employed, 
to correct for partial inactivity, and it is clear that they are open 
to criticism. These values (Fig. 1) lie on a broken curve, from 
which it is scarcely possible to predict, as Guye did, that The 
values for the molecular rotations of the homologous lactic esters 
tend to a limiting value in the neighbourhood of the octyl ester." 
In all probability the reason for the rapid increase from the numerical 
value 17*0° for the » -butyl ester to the numerical value 27-2° for the 
w -heptyl ester, as well as for the high values obtained for the heptyl 
and octyl esters, respectively, lies in the fact that a small quantity 
of anhydride, or lactide, having a high rotation, was present; 
repeated fractional vacuum distillation of the small volumes of 
esters (3 o c.c.) used by the above author must have been exceed- 

ingly difficult. The curves obtained by us are of a more continuous 
nature and show* distinct maxima at the hexyl ester. 


The Effect of Temperature on the Rotation. 

The effect of temperature on the rotatory power of the individual 
esters is small. The rotatory power generally increases with 
temperature, the more rapidly the smaller the wave-length. 

The esters form a series reaching maximum specific rotation at 
the butyl ester, thence decreasing in natural order to the nonyl ester, 
but the maximum molecular rotation occurs at the hexyl ester. 
Increase of temperature appears to affect the rotatory power of the 
lower esters more than that of the higher members. The curves 
for methyl lactate are practically straight lines, the curvature of 
which is only noticeable when drawn on a large scale. The curves 
for the remaining esters are Hat, and maxima are shown by the but} 
and octyl esters for certain wave-lengths. These maxima are dis- 
placed, "in a similar way to the temperature-rotation maxima of 
ethyl tartrate, to the higher temperature with decrease in wave- 
length. Difficulty was experienced in taking readings at high 
temperatures on account of the esters evaporating so quick y m 
the neighbourhood of their boiling points that before constant tem- 
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peratiire was attained, loss of the ester rendered observation of 
rotation impossible. 

The movement of the maxima for the two esters mentioned is 
given in the following table, this movement being approximately 
linear. 

»-Butyl lactate. 

Maxima occur at X. 

113 — 115 ° 0708 

116 0503 

117 0438 

120 3893 

121 3590 

Tn the ease of the amyl and heptyl esters, the maxima are dis- 
placed, for the range of temperature considered, to a higher wave- 
length in the red; both esters, however, are approaching maxima, 
as is shown by the flatness of the curves. 

It may be mentioned here that a number of intersections (maxima 
in temperature- rotation curves) occur between the rotation (1-dcm.)- 
wave-length curves for different temperatures which disappear in 
the specific rotation-wave-length curves. 

Koiator y l )is jtersi on . 

The rotatory dispersion curves for the ethyl ester given in Fig. 2 
are typical of all the esters here described. In the case of the ethyl 
ester (similar to those of the methyl, propyl, amyl, hexyl, heptyl, 
and nonyl compounds), increase of tcmjierature causes increase 
in rotation throughout the range of temperature considered, but in 
the case of the butyl ester (similar to that of the octyl compound) 
the dispersion curve for 126*1° lies below that for 10 K>\ crosses 
it at \ 5590 A.T., and proceeds to the blue end of the spectrum, 
thus indicating maxima for all wave-lengths greater than K 5590 A.l\ 
in the temperature-rotation curves. 

The rotatory dispersion exhibited by all the esters is of the same 
type, namely, normal and complex. 

The points obtained by applying the usual test for complexity- 
plotting the reciprocal of the specific rotation against the square 
of the wave-length — do not lie on a straight line. If the curves be 
drawn for three different temperatures, namely, 20". 00 \ ami 100 , 
it will be seen that a difference in sensitiveness to temperature is 
indicated between the ethyl and butyl esters by the increased 
proximity of the curves. For each individual ester rise of temper* 
a ure causes slightly less curvature of the disjtersion curves, but they 
Are ar from straight lines. It is of interest that such a simple 
series of esters, each member containing only one asymmetric 
ca r on atom, exhibits complex rotatory dispersion. This complexity 


n - Octyl lactate. 
Maxima occur at 
108 " 

114 

120 
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may be due to (1) the persistently low rotation of the esters * (com. 
pare Frankland and Garner, T. f 1919, 115, 636, who state that 
with respect to anomalous rotatory dispersion, “ the further the 

Fig. 2. 


Ethyl lactate. 



* From the form of tin* curve a (\- A n : ). according ns the < »»iistaiUs r 

and A fl arc real, positive, negative or imaginary, it can he shown that in no 
ease eau the alwvc relation give a curve (a plotted against A) which fins 
the axis, unless c - 0; the curve then liecomes the three straight luics 
af\ 2 — A n l ) — 0. Accordingly we should expect the above relationship, 
employed as a criterion of simplicity, to break down when it is applied to 
substances which give curves crossing the zero axis of rotation (plotting a 
against a) or which would cross it if the experimental field, were realisable. 

It is therefore reasonable to suppose that the nearer the curves (a against *) 
approach the zero axis, that is, the smaller the rotation of the substance die 
less likely is it that the above test will show the substance to bo simple "it* 
regard to optical rotatory dispersion. 
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rotation is removed from the zero line, by raising the temperature, 
the more simple (or less complex) does the rotation become/ 9 (2) 
the influence of the hydroxyl group attached to the asymmetric 
carbon atom. 

Dispersion Ratios. 

Temperature 20°. 


Alkyl Mactate. 

A 6708. 

A 5803. 

A 5461. a 5086. 

A 43.79. 

Methyl 

. 0-683 

0-883 

1 1-102 

1 -280 

Ethyl 

. U-680 

0-873 

„ MI9 

1*302 

Propyl 

. 0-671 

0-868 

„ 1*144 

1 461 

JJutvl 

. 0-674 

0-868 

„ 1*136 

1-445 

Amvl 

. 0-663 

0-862 

„ M42 

1-401 

Hexyl . 

. 0-086 

0-864 

„ 1139 

1-472 

Heplyl 

. 0-666 

0-861 

„ 1-M0 

1 472 

Octvl 

. 0-673 

0-863 

1-142 

1*400 

Nonyl 

. 0-070 

0-854 

„ 1-153 

1*480 



Ti 

‘iiiperaluro 110'. 


Methyl 

. 0 647 

0-869 

1 1-132 

1-37.7 

Ethyl 

. 0-671 

0- 869 

1-130 

1-413 

Propyl 

0-070 

0-851 

.. 1156 

1491 

Butyl 

0-6.77 

0-856 

„ 1-138 

1-501 

Amvl 

. 0-601 

0-853 

1-137 

1-481 

Hexyl 

. 0-676 

0-864 

1-130 

1-490 

Heptvl 

. 0-6.72 

0 850 

„ 1 148 

1-49.7 

Oetvf 

. O-OoU 

0-8.70 

1-147 

1-570 

Xonvl 

. 0-6.70 

O 852 

1-150 

1-313 


The dispersion ratios for the series given in the above table show, 
with slight exceptions in the cases of the octyl and hexyl esters at 
HO*, which might be due to cxjm rimental error, that the value 
of the ratios for the wave-lengths given tends to heroine sensibly 
constant after the amyl member has been reached. Thus the sub- 
stitution of one alkyl radiele for another in this series has apparently 
little effect on the value of the dispersion ratios. 

The points on the characteristic diagram representing the rotations 
of « -octyl Mactate at the higher temperatures do not fall oil straight 
lines for the respective wave-lengths. This divergence is due to the 
maximum points for the specific rotations being reached at different 
temperatures fur different wave-lengths. This ester thus sh< >ws very 
dearly that the points on the characteristic diagram cease to lie on 
straight lines when the maximum points are reached in the tempera- 
ture-rotation curves: in fact, the diagram itself is only a tempera- 
jure -rotation diagram for the ester, with the curvature of all the 
ines for different wave-lengths referred to a standard wave-length 
( j>4Gl AX.) which, by definition, is a straight line at 4“>\ 

n the ease of the w-butyl ester a similar result was obtained, but 
a casts where the temperature-rotation curves did not approach 
laxima their characteristic diagrams were obtained, giving straight 
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These investigations were carried out with a Schmidt and Hantsch 
polarimeter with a triple field, which was fitted with a direct vision 
spectroscope of the same make. The source of light consisted of an 
oxygen-coal gas flame, which impinged horizontally on a flat, 
vertical surface of thorium oxide, giving an intensely brilliant white 
light. The spectroscope was calibrated by means of Hartmann's 
dispersion formula (Astrophys. J 1898, 8, 218), the error being less 
than 1 A.U. Our calibration of the instrument agreed, within 
experimental error, with that given by Schmidt and Hantsch. 

The errors in rotation measurements are greatest in the extreme 
red and violet ends of the spectrum, due to rapid falling off in lumin- 
osity of the field ; the order of possible errors being 0*04° in the red 
part (A 6708), 0-02° in the yellow (A 5893), 0-04 — 0-05° in the blue 
(A 4678), and 0-1° in the violet (A 4359). The thermometers used 
were calibrated by reference to the University standards. 

In all eases where rotation readings were taken of an ester exposed 
to a high temperature, the rotation value of the same specimen was 
determined at a low temperature and its rotation confirmed by means 
of the temperature-rotation curve. Also in the cases where maxima 
occurred in these curves, several unrecorded confirmatory sets of 
readings at temperatures in the neighbourhood of these maxima 
were taken. 

Experimental. 

Resolution of Lactic Acid .— The lactic acid used in these investig- 
ations was resolved by the fractional crystallisation of its morphine 
salt (Patterson, T., 1913, 103, 2263) with the following slight 
modificat ion . 

Seventy-five e.e. of the syrupy acid {d 121) were boiled under 
reflux with 912 c.e. of water for 6—10 hours. To half of the solution, 
while still hot, 140 grams of morphine were added, the other half 
was neutralised with its equivalent of caustic soda { 18-52 grams), 
and the solutions were mixed. On cooling and by evaporation, 
three crops of crystals of morphine /-lactate were obtained, which 
were crystallised twice from water. The salt was dissolved in warm 
water and ammonia added until all the alkaloid was precipitated. 
The morphine was filtered off and the solution of ammonium lactate 
was converted into its zinc salt. 

Preliminarv investigations showed that a salt of lactic acid Mas 
preferable to the free acid for esterification. The best results were 
obtained by the use of the zinc ammonium compound. 

The solution of the ammonium salt was boiled with an exce^ 
of zinc oxide until the smell of ammonia was scarcely perceptible 
The excess of zinc oxide was filtered off and on evaporation of tie 
filtrate the zinc ammonium iuctate crystallised out. This Mas 
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recrystallised from a small quantity of water and used in the 
preparation of the esters. 

Rotation. — The zinc ammonium /-lactate gave [«]{f (in ammoni- 
acal solution) -f 10*09° (concentration of the salt 3*47 grams in 
50 c.c.). Patterson’s value is [a]g T + 10*09° (concentration of the 
salt 4 grams in 50 c.c.). 

Methyl \- Lactate . — To 25 grams of dry zinc ammonium /-lactate 
and 100 c.c. of diy methyl alcohol, 19*25 grams of concentrated 
sulphuric acid were slowly added. The mixture was heated on 
the water-bath for four hours, allowed to cool, the excess of sulphuric 
acid neutralised with finely powdered potassium carbonate, and 
the solution filtered from salts, which w’ere extracted with dry ether. 
The solvents having been removed, the residue was distilled in a 
vacuum. After four fractionations, the ester had b. p. 32—3378 mm. 
(oil-bath temperature 70—75°). Yield 11 grams (55 per cent, 
of the theoretical). 

There is much variation in the value of the optical rotation of 
the ester, as given by different workers. 


*■ * ‘ 4 ' 

Franklaml - 15-00 3 15 c 1*1017 I\, 1895, 11, 54. 

Walker -11*10 13 MOO T., 1805, 68, 014. 

Patterson r 810 1 13- 7 1-0071 T., 1013 103. 2203. 

••• 0*32 50 0 1*0518 

Present authors 8*13 lli-7 1 0070 

r 0*44 30 1-0500 


A peculiarity was noticed in the optical behaviour of one sample 
of the ester which had been kept for several days in a vacuum 
desiccator. The rotation of the ester ([*],; -f 8*22 ; ) increased in 
fifteen days to nearly twice this value ([x]f; -j 14*20 : ). This was 
possibly due to the formation of a laotide having a high rotation 
(Irving, T., 1899, 72, 484). 

Densities determined : 





10-7° 

20-u' 

52-4' 

S 2 ■ 7 ~ 

119-0° 



] 

•103 

1-OS57 

1-0550 

1-0208 

0*9782 

The ester has 

complex 

rotaton* disjiersion. 




Temp. 



Temp. 

</«'*'• 

Temp. 

lt r* 

A (in 

n-r. 

1*1023 


10-5. 

1-0970. 

27 3 . 

1 0841. 

A.u.). 

a (1 dern 

)• L«l"* 

a 

(1 dem.). 

, a 'a - a 

(1 dun.). 


0708 

-Hi-82 0 

-j 0-19 


: 0-97 ' 

— 11-35° 

— 7- 10' 

* 0-59° 

03113 

7 17 

0-51 


7-29 

0 05 

7-50 

0-92 

0438 

7-31 

0-82 


7-til 

0 94 

7 SI 

7-21 

6152 

5893 

8-22 

8-82 

7 40 
8-01 


8-33 

8-92 

7-00 

8 14 

8- 54 

9- 21 

7- 88 

8- 50 

5;i90 


8-71 


9-74 

8- 87 

10-00 

9-28 

5324 

10-30 

9 40 


10-52 

9-59 

10- S3 

9-99 

5080 

4801 

10- 97 

11- 49 

9-95 
10 43 


11 15 

1171 

10-10 

10-07 

11-52 

12 10 

10 03 
11-10 

4078 

4453 

11*87 

12*30 

10-77 

11 10 


12-10 

12 50 

1 1-03 
11-45 

12-55 

13 12 

11- 58 

12- 10 
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Temp. 

jS6*JP 

Temp. 

dT 

Temp. 

dp 


56*5°. 

1-0509. 

84- 9". 

1-0184, 

115-3°. 

0-982(1 

A. 

a (1 dern.). 

r -i66'5* 

L“1a ■ 

a (1 dcm.). 


a (l dem.). 

Mi 1 ". 

6 70S 

7-51° 

1 7 15° 

+ 7-90° 

' 8-13 

4-8-08° 

4-8-23 i 

6503 

7-90 

7-51 

8-28 

8-53 

8-69 

6438 

8*25 

7-85 

8*09 

8-54 

8-94 

9-10 

6152 

9*06 

8-63 

9-55 

9-37 

9-89 

10-07 

5893 

9*92 

9-44 

10-49 

10-30 

10-91 

11-10 

5590 

10-82 

10-29 

11-54 

11-33 

12*10 

12 31 

5324 

11-09 

11-12 

12-52 

12-29 

13-22 

13 40 

5086 

12-51 

11-90 

13-47 

13-23 

14-27 

14 52 

4861 

13-23 

12-59 

14-37 

14-11 

15-28 

15-55 

4078 

13-85 

13-18 

1 5- 10 

14 S3 

10-13 

16 41 

4-155 

14-00 

13-90 

15-95 

15-06 

17-13 

J 7 43 


FAhjl LLactate . — A mixture of 36 grams of dry zinc ammonium 
Mactate, 195 c.c. of dry ethyl alcohol, and 27*8 grams of concentrated 
sulphuric acid was heated under reflux for four hours and treated 
as described for the methyl ester. Four fractional vacuum dis- 
tillations yielded a product, b. p. 53 0 /lo mm. (oil-bath temperature 
90 — 95 ; ). Yield 13 grams {72 per cent, of the theoretical). 

The data available for this ester are as follows : 


Pui’dic and Williamson (T., 1 899, 

69. 827) 

Walker (T.. 1 89.). 67. 919) ... 

Klimenko {•/. Russ. Chon. Sac., 

1880, 12. 30).,. 

Puniie and Irvine (T., 1899, 

72, 484) 

Frankland and Henderson (i\, 

1693, 11, -14) 

Presen r outliers 






Ain suit 

14 

-13 46 

1-0415 

d and uleoliol 

14 

-10-33 

l 0423 

salt 

19 

: 14-52 

1 -t»3n 

Ajr salt 


-14-90 



20 

- • .8-25 

1-0025 


15 

17-90 

1-0414 


IS- 9 

- 11-26 

1-0345 


The ester prepared by the silver salt method gives high rotation* 
due to the formation of an ether. 

Densities determined : 


t 


.. 7 15 

2164 

40 

7 -,.) 

1 P.Hi 

dt 


.. 1-0471 

1-0324 

l-olo3 

O-90SS 

0-9198 

The 

ster exhibit 

s eomple 

x rotatory dispersion 




Temp. 

<iY 

Temp. 


Temp. 



8-5\ 

I-O401. 

18 -te. 

1-O340. 

53 . 

0-9953 

A. 

a (I dern.}. 

>Ja"- 

a {l dem.). 

r 1 la sr 

i a J . . a 

(1 deui.). 


070 S 

-S-S3- 

S-44 

• 9-OG' 

8-75 

9- til 


0563 

9-22 

8 - SI 

9-50 

9-18 

10 03 

16-0S 

0438 

9-02 

9-2n 

9-90 

9 57 

10-41 

JO-46 

0152 

10-50 

lu-04 

10-77 

|o 41 

1 1 40 

11-46 

5893 

11 38 

lO SS 

11-65 

11 27 

12-32 

12-38 

5590 

12-52 

II 97 

12-81 

12 39 

1 303 

13-69 

5324 

13-52 

12-92 

13-87 

13 41 

14-82 

14-89 

5080 

14 52 

13 SS 

14-94 

14 44 

15-99 

16-97 

4861 

15 44 

14-76 

15-92 

15 :is 

17-14 

1 1 * 2 - 

407 s 

10 33 

15 01 

10- SS 

In-32 

IS 25 

IS- 34 

4455 

17-42 

10 05 

Is 03 

17 45 

19-55 

19-64 

4359 

17-95 

17 10 

1S-57 

17 95 

20-11 

20-26 
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Temp. 


Temp. 

<# 3T 


84°. 

0-9607. 

113-7°, 

0*9261. 

A. 

a (I dcm.). 

wr- 

« (1 dcm.). 

wr r . 

6708 

+ 9-94° 

+ 10-35° 

+ 10-06° 

+ 10-86° 

6563 

10-34 

10-76 

10-45 

11*31 

6438 

10-74 

11-18 

10-84 

11-71 

6152 

11-74 

12-22 

11-94 

12-89 

5893 

12-75 

13-27 

1302 

14*06 

5590 

14-06 

14-63 

14-37 

15*52 

5324 

15-34 

15-96 

15*60 

16*85 

5086 

16-59 

17*27 

16-89 

18*23 

4861 

17-79 

18-52 

18*09 

19*53 

4678 

18-91 

19-68 

19-21 

20*74 

4455 

20-27 

21-09 

20-56 

22*20 

4359 

20-90 

21-75 

21-17 

22-86 


]i -Propyl {^Lactate . — This ester was prepared from 41 grams of 
dry zinc ammonium Z-lactate, 40 grams of n-propyl alcohol, and 
28*5 grams of concentrated sulphuric acid in a yield of 23 grams 
(52 per cent, of the theoretical). The ester was distilled four times 
in a vacuum, and then had b. p. 70 — 71 = /1G mm. (oil-bath temper- 
ature 100°). 


Comparative table of data for the ester. 



Wassmor and Guye. 

Present authors 

p 


70 — 

■71/10 mm 

rf}-' 

0*994 


l-i >055 

dir"* 

0*957 


n-OOOU 

17 

a u 

—5* 08 5 (in I'dcrn. tube) 


- 6-60' 

i4: 

- 10-23 : 


7-13-13° 

i-ujir 

— 13-50- 


r 17*37° 

Densities determined : 



r 

2-2 : 17-tP 49-76- 

87*99' 

122] : 

4 

1-02U3 1*0055 0-9717 

0-9316 

0-8965 


The ester exhibits complex rotatory dispersion. 



Temp. 

4 

Tt-mp. 

+' ■* 

Temp. 



3*5\ 

1-0191. 

27*9 , 

0-9940. 

6S\ 

0*9523. 


a (1 dcm.). 

»r- 

a, ( L dcm.). 

.«ir- 

a (1 dim.). 

>IC * 

6708 

+ HM6 J 

9-97- 

- 10*27° 

- m-3.r 

-i 10 34 

- 10-86*' 

65H3 

10*58 

10 3S 

10-69 

lu-75 

10-80 

11-34 

6438 

1 LOS 

10-87 

IMS 

11-20 

11 23 

11-79 

6152 

12*06 

11-83 

12*19 

! 2-26 

12 26 

12*87 

5893 

13*14 

12-89 

13*27 

13*36 

13*36 

14 03 

5590 

14-44 

14 17 

14 60 

14*69 

14-7*4 

15-48 

5461 

15-11 

14-83 

15-26 

15-35 

15 47 

16 24 

5324 

15-97 

15 67 

1 6-06 

1 6-16 

16-52 

17*14 

5086 

17-27 

16-94 

17*54 

17 65 

17-82 

IS 74 

4861 

18 65 

18-31 

18 94 

19 05 

19-37 

20-34 

4678 

19-81 

19-44 

2u-21 

20-33 

20-62 

21-65 

4455 

21-28 

20*88 

21-71 

21 84 

22 15 

23*26 

4359 

21-85 

21*44 

22*34 

22 03 

22*94 

24-09 


Y* 



610 WOOD, SUCH, AND SCARF : ROTATORY DISPERSION OF 



Temp. 

<T r 

Temp. 

c# sr 


102-1°. 

0-9170. 

115-7°. 

0-9030. 

A. 

a (l dcm.). 

Ma ■ 

« (1 dcm.). 

[«]!! 57 ‘- 

6708 

+ 10-40° 

+ 11-33° 

+ 10-43° 

+ 1I-56 C 

6563 

10-90 

11-89 

10-96 

12-14 

6438 

11-26 

12-28 

11-34 

12 56 

6152 

12-40 

13-52 

12-46 

13-80 

5893 

13-42 

14-63 

13-48 

14-93 

5590 

14-90 

16-25 

14-94 

16-54 

5461 

15-03 

17*05 

15*73 

17-42 

5324 

16-47 

17-96 

16-55 

18-33 

5086 

18-13 

19-77 

18-18 

20-13 

4861 

19-67 

21-45 

19-78 

21-91 

4678 

20-97 

22-82 

21-13 

23-40 

4455 

22-49 

24-53 

22-63 

25-05 

4359 

23-32 

25-43 

23-48 

26-00 


n -Butyl \- Lactate . — To 32 o grams of dry zinc ammonium Mactate, 
mixed with 100 grams of n-butyl alcohol (b. p. 118°/747 mm.), 14 c.c. 
of concentrated sulphuric acid were slowly added, the mixture 
being then heated on a water-bath for five hours and subsequently 
treated as in the cases of the esters previously described. After 
four vacuum fractionations, the ester was obtained, b. p. 77°/ 10 mm. 
(oil-bath temperature 110°). The ester is a highly refractive, 
sweet-smelling, colourless liquid. Yield 12 grams (40 per cent, 
of the theoretical). Wassraer and Guye ( loc . c.it.) give the following 
data for this ester: B. p. 70 — 73°/10 — 11 mm.; [a] |; v + 11*7' : ; 
d\* ‘ 0*9850 (the rotation given includes a correction of + 1'26 3 for 
partial inactivity of the materials used in the formation of the ester). 
Our values are : [a]jr° -f 14*7°; rfj 7- ®’ 0*9856. 

Densities determined : 


e 8 4 27-6° 54-8° 80-0° 100-3° 136-8 r 

d r e 0-993 7 0-9744 0-9475 0-922 7 0-9020 0-8051 


The ester is complex in rotatory dispersion, and maxima occur 
in the temperature- rotation curves. 



Temp. 

d i r 

Temp. 

dr 

Temp. 



10-4 \ 

0-9919. 

27-3°. 

0-9748. 

57-8'. 

0 944(1. 


a (1 dcm.). 

r 

• 

a (1 dcm.). 

3 * 

a (1 dcm.). 

«Ia • 

6708 

10-14° 

- 10-22° 

- 10-29" 

• 10-56' 

■r 10-4P 

- 11-02' 

6563 

10-60 

10-69 

10-72 

11-1(1 

10-85 

11-48 

6438 

11-01 

11 12 

11-16 

11-45 

11-31 

11-98 

6152 

12-05 

12-18 

12 21 

12 53 

12-41 

13-14 

5893 

13-04 

13-18 

13-28 

13-63 

13-50 

14-39 

5590 

14-42 

14 54 

14-66 

15 03 

14-92 

15-89 

5324 

15-77 

15-88 

16-06 

16 47 

16-45 

17-41 

5086 

17-18 

17-28 

1 7-45 

17-90 

17-87 

18-92 

4861 

18-54 

18-70 

18-88 

19 37 

19-38 

2U-52 

4678 

19-72 

19-87 

20-09 

20-61 

20 73 

21-90 

4455 

21-17 

21-34 

21-62 

22-17 

22-36 

23-67 

4359 

21-80 

21 98 

22-20 

22-78 

22 95 

24-30 
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Temp. 

dV 

Temp. 

.VM-S* 

df 

Temp. 

<i7 v 


91*3°. 

0-9110. 

104-5°. 

0-8977. 

126-1°. 

0-8758. 

A. 

a (1 dem.). 

wr* 

a (1 dem.}. 

r i!04'6’ 

* 

a (1 dem,). 


6708 

+ 10-47° 

+ 11-48° 

+ 10-37° 

+ 11-55° 

+ 10-06° 

+ 11-49° 


10-94 

12-01 

10*84 

12-08 

,10-57 

12-07 

6438 

11-43 

12-55 

11-32 

12-61 

11-04 

12-60 

6152 

12*54 

13*77 

12-46 

13-88 

1218 

13-91 

5803 

13-71 

1505 

13-55 

15-10 

13-21 

15-09 

5500 

15*15 

16 62 

15*06 

16-77 

14-68 

16,77 

5324 

1663 

18*26 

16*59 

18-48 

16-20 

18*50 

5086 

18-09 

19-86 

18*05 

20-10 

17*71 

20*20 

4861 

19*72 

21*65 

19-65 

21-90 

19-22 

21*95 

4078 

21*11 

23-17 

21-06 

23-46 

20-68 

23-61 

4455 

23-00 

25-25 

23-02 

25-59 

22-50 

25-70 

4359 

23-72 

26-04 

23-74 

26-45 

23-32 

26-63 


ii -Amyl \-Lactate . — This was prepared from 22 grams of dry zinc 
ammonium Mactate, 48 grams of ?i-amyl alcohol (b, p. 137*17750 
mm.), and 10’8 c.c. of concentrated sulphuric acid as in the case 
of the n- butyl ester. After four vacuum distillations, the product 
had b. p. 87 '6 — 87*0°/8 — 9 mm. Yield of crude ester 16 grams (50 
per cent, of the theoretical). 

No comparative data arc available for this ester. The rotation 
after the fourth {and also after a fifth) distillation was z% { - r 12*27°. 
A specimen of the ester from the third distillation gave a higher 
rotation, -f- 13*78 . 

Readings were taken at 32* and GO 1 ? 0 , but at higher temperatures 
the rotation had decreased to sq;’ 4- 9*00 \ The ester which 
had been exposed to high temperature was redistilled and its rota- 
tion rose to the value obtained after the third fractionation, sjff 
-f- 13'75°. Subsequent vacuum distillations failed to reduce this high 
value, and a fresh quantity of the ester was prepared. 

The extraordinary behaviour of this ester is probably due to 
the comparative ease with which it forms a laetide, having possibly 
a higher rotation than the ester itself, similar to the case of the 
methyl ester. According to the theory that an open-chain carbon 
compound has a helical structure, it would seem that this ester 
might be analogous in behaviour to the first member of the series. 
It is difficult to make accurate observations at high temperatures, 
and the readings were taken rapidly when the ester was in a pure 
state, for the substance causing the increase in rotatory power, 
once formed, is difficult to eliminate by distillation. 

In a second preparation, the following quantities were used : 
22 grams of dry zinc ammonium /-lactate, I.Y4 grams of concentrated 
sulphuric acid, 35 grams of pure H-amyl alcohol. In this case, 
a much better yield was obtained (22 grams, 70 per cent, of the 
theoretical). After four vacuum distillations, the pure ester was 
obtained having b. p. 109 5- 110*5 /21*5 nun. (oil-bath temperature 
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130°). This sample had identical rotation with that obtained 
from the fourth vacuum distillation in the previous preparation. 
Accordingly, sets of readings were taken at 13*9°, 94’7°, and 127°. 
After the ester had cooled from the last two temperatures, it s 
rotation was observed in order to detect internal change or racemis- 
ation. Although in each case the ester was tinged slightly yellow, 
the rotation on cooling lay on the temperature— rotation curve, 
thus showing that no changes had taken place. 

Densities determined : 


13-3° 21-2° 56-8° 78° 117*5° 139*5' 


4 


.. 0*9717 

0-9638 0-929 

7 0*9090 

0-8711 <! 

1*8500 

The ■ 

ester shows comple: 

x rotatory dispersion. 




Temp. 

diT 

Temp. 

rff 

Temp. 

df" 


13*9 . 

0 9711. 

32. 

0*9535. 

69*8°. 

0*9168. 

X. 

a (1 dim 

■)* [a]?*. 

a (1 dem,). 

i iW* 

l a JA * fl 

(1 dem.). 

- )a ■ 

0708 

— 9*25° 

— 9-53° 

4 9*29° 

4 9*75° 

49-5i° 

- 10*44’ 


9*71 

10*00 

9*78 

10*29 

9*98 

10-89 

0433 

10*11 

10*41 

10*16 

10 66 

10-44 

11*39 


1 111 

11-43 

11*20 

11*63 

11*41 

12 45 

5893 

12*12 

12*49 

12*15 

12*74 

12*35 

13-47 

5590 

13*35 

13-74 

13*41 

14*08 

13*70 

14-94 

5324 

14*69 

15*13 

14-75 

15*47 

15*18 

16-56 

5080 

16*01 

16*59 

16 14 

16*92 

16*48 

17-98 

4861 

17*29 

17-80 

17*42 

18*28 

17-80 

19-42 

4678 

IS* 38 

IS 95 

18*57 

19*47 

19 09 

20-82 

4455 

19*82 

20*41 

20*10 

21*09 

20*62 

22-49 

4359 

20*43 

21*04 

20-72 

21*70 

21*30 

23-23 



Temp. 

cj* T 

Temp. 





94 7 C . 

0*8932. 

127°. 

0*8621. 



A. 

a (1 dim.). 

r i 94 7 

L°Ja • 

a (1 dem.). 




6708 

+ 9*63'' 

4* 10*78 : 

49*57° 

1 11*10= 



6563 

10*05 

11*25 

9*95 

11-54 



6438 

10-48 

11-73 

10*41 

12-08 



6152 

11 43 

12*79 

11*41 

13*24 



5S93 

12 37 

13*85 

12*29 

14*26 



5590 

13*76 

15*41 

13*74 

15*94 



5324 

15*23 

17*05 

15-15 

17*56 



5086 

16-54 

18 52 

10*44 

19*07 



4861 

17-84 

19*97 

17*70 

20*53 



4678 

19-14 

21*43 

19*11 

22*17 



4455 

20-85 

23*34 

20*73 

24*04 



4359 

21-52 

24*09 

21-43 

24*86 



n- Hexyl 1 -lactate. — n -Hexyl alcohol was prepared from n-butyl 
alcohol by a method given in a private communication from Dr, 
Pickard, which is a modification of one given in the University of 
Illinois Bulletin, XV1I1, Oct., 1920, No'. 6 (Adams, Kamm, and 
Marvel). Eighteen grains of hexyl alcohol (b. p. l.'id— Ia7’/i4a 
ram.), 21 grams of dry zinc ammonium Mac late, and 14*7 grams of 
concentrated sulphuric acid were heated together on a water-bath 
for five hours. Instead of first neutralising the reaction mixture 
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by simple addition of powdered potassium carbonate, the volume 
was made up to 400 c.c. with dry ether in order to increase the rate 
of filtration and also to precipitate the potassium hexyl sulphate 
formed on addition of potassium carbonate. The solution was 
neutralised, filtered, and the ether distilled off. The ester was 
distilled in a vacuum four times and then boiled at 107—108716 mm. 
(oil-bath temperature 145°). Yield 13*5 grams (44 per cent, of the 
theoretical). 

Xo comparative data are available for this ester. 

It had Md -f 12*21°, fJ/Jf; -f 21 *25°, and df 0 9.520. 

Densities determined : 


/' , 


.... 2-0' 

10-0° 

44-8' 

81-5= 

119-2' 

ti[ . 


... 0-9082 

0-9553 

0-9298 

0*8909 

0-8030 

The ester exhibits complex rotatory dispersion. 



Temp. 

4 - 

Temp. 

<i? r 

Temp. 

</?' r 


6 L . 

0-9047. 

217. 

0-9504. 

02-9 . 

U-9138. 

A. 

a (1 (Jem.). 

.®h- fl 

(1 Hein.). 

a U ‘ • 

a {l clem,). 

«r • 

07US 

, 910 

; u-5i» : 


9- 70' 

• 9-03- 

lU-54 

6503 

9-30 

9-70 

9-02 

10-12 

10-07 

11-02 

043 S 

900 

10-01 

9 92 

10-44 

10-39 

1 1-37 

0152 

10-50 

10-88 

10-70 

11-20 

li-24 

12-3(1 

5893 

1138 

11-80 

11-04 

12-25 

12 27 

13-43 

5590 

12-00 

13-00 

12-90 

13 58 

13 04 

14-93 

5401 

13 10 

13-04 

13 48 

14 IS 

14 19 


5324 

13-70 

14-20 

14 20 

14-94 

14-98 

16-39 

5080 

15-00 

15-55 

15-37 

10 17 

10-29 

17-83 

4801 

10-23 

10-82 

10-09 

17-50 

17-73 

18-90 

4078 

17-23 

17-80 

1 7-77 

1S-70 

18-88 

20-00 

4455 

IS-77 

19-40 

19-21 

2o-21 

20-35 

22-27 

4359 

19-33 

20-04 

19-85 

2« 89 

21-04 

23-05 



Trinj i. 


Temp. 



S3- 3 . 

0*8952. 

107-0 . 

O 8733. 

A. 

a (1 <ki«.). 

tj-j 

- B k - 

a < 1 deni.). 

.-it. 

0708 

9- 7 S' 

- 10-93 

-7-9-94 

-11-38 

0503 

10-20 

11 40 

1O-30 

11-80 

043S 

10-54 

11-77 

ln-72 

12-2s 

0152 

11-50 

12-85 

11-70 

13-40 

5893 

12-5(1 

13-90 

12-72 

14*57 

5590 

13-80 

1548 

14-10 

10-15 

5401 

1 1-40 

10-15 

14-72 

1 ( > ■ 8 0 

5321 

15-27 

17-00 

15-53 

17-7S 

5080 

10 05 

IS 0O 

10-97 

19 43 

4801 

IS- 15 

20-28 

IS 51 

21-20 

1078 

19 31 

21 57 

19 7! 


4455 

4359 

20- M 

21- 51 

24 03 

21-23 

21-95 

24 25 

25 13 


n-lhptyl [-Lactate . — A mixture of 24 grams of dry zinc ammonium 
Mactate, 40 grams of wdieptyl alcohol (b. p. 17.V.T), and 17 grams 
J>1 concentrated sulphuric acid was heated on the water-hath for six 
ours. 1 he mixture was su bsequentlv t reated as in t he ease of hexyl 
ac ate. After four vacuum fractionations, a product was obtained 
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having b. p. 117°/10 mm. (oil-bath temperature 150°), Yield 7] 
per cent, of the theoretical 

Rotation of the ester (unaltered by a further vacuum distillation 
+ 11*35°. ' 

Wassmer and Guye give [x]ff - 12‘24° (heptyl tf-lactate). 

A second preparation of the ester gave a rotation identical with 
the first, although the time of contact with the sulphuric acid was 
only three instead of six hours. 

Densities determined : 


1 ° 9-6° 34° 01*5° 00-8° 1124° 139 . 7 ^ 

dv 0-9521 0-9301 0-9054 0-8790 0-8590 u-8350 


The ester exhibits complex rotatory dispersion. 

Temp. 

10-3\ 

a. a (1 dcm.) 

6708 + 8-08° 

6503 8*40 

6438 8-84 

6152 9-73 

5893 10-63 

5590 11-81 

5324 12-97 

5080 14 14 

4S61 15-30 

4078 10-35 

4455 17-02 

4359 18 19 


A. a 

0708 
0503 
0438 
0152 
5893 
5590 
5324 
5086 
4861 
4078 
4455 
4359 

Readings of rotations were taken at 153*7% but on cooling to 
a lower temperature the decrease of rotation indicated racemlsation 
or decomposition. 

n -Octyl 1 -Lactate . — This ester was prepared similarly to hexyl 
lactate, from n-octyl alcohol (b. p. 195*577 GO mm.). Yield 16 
grams (50 per cent, of the theoretical) from 24 grams of dry zinc 
ammonium /-lactate. After four vacuum distillations, the ester 
had b. p. 137711 mm. (oil-bath temperature 160 — 170“) and 


.10 3 s 
«4* 

Temp. 

r 

Temp. 

0*9516. 

33°. 

0*9310. 

71*7°. 

r iW3- 

• a l ‘ 

0 {1 dnn.), 

- L«]\* a 

(1 dim). 

-1-8-49° 

~ 8*20° 

: 8*81° 

-8-3 P 

8-89 

' 8- 58 

9-22 

8*71 

9*29 

8-97 

9-64 

9*09 

10-22 

9-86 

10-59 

9-98 

11-17 

10-76 

11*55 

10*90 

12-41 

11-97 

12-86 

12 12 

13-63 

13-13 

14 10 

13*32 

14-86 

14-38 

15-45 

14*58 

16-08 

15-55 

16-70 

15*78 

17-18 

16-64 

17 87 

16*90 

IS 51 

17-96 

19-30 

18 31 

19 11 

1S-58 

19*95 

18 95 

Temp. 

df r 

Temp. 

<0 

99-7 . 

0-8709. 

12S-9-. 

0-8446. 

(1 dim). 


a (1 dc*m.). 


-8-23 

-9-45* 

8 *05 3 

9 53 

8*62 

9-90 

8*43 

9-98 

9-01 

19-35 

8- S3 

10-46 

9-92 

11*40 

9 75 

11-54 

10-81 

12 42 

111- 65 

12 61 

12 96 

13-85 

L1-S8 

14-07 

13-20 

15-23 

13*05 

15-43 

14 52 

16*67 

14-31 

16-94 

15-73 

IS-OO 

15 49 

18-34 

16-86 

19-36 

16-58 

19-63 

18-25 

2096 

17-98 

21-29 

18-92 

21-73 

18 62 

22-05 


<f? r 

0*8961, 

:-9-27 s 
9*72 
ID* 15 

11- 14 

12 - 10 
13*53 
14-87 
16*28 
17-61 
18*87 
20-44 
21*14 
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[*]|f + 9'31°. Wassmer and Guye give b. p. 126—128711 mm. 
and [a ] If + 12*08° (by calculation), 

Densities determined : 

e 33 - 7 ° 58 - 3 ° 89 - 3 ° 111 ° 134 - 3 ° 

tft 0-9350 0-8973 0-8713 0-8523 0-8321 

The ester exhibits complex rotatory dispersion, and maxima 
occur in the temperature -rotation curves. 



Temp. 

df' r 

Temp. 

<d U4 

Temp. 



17-0°. 

0-9323. 

34-4". 

0-9179. 

05". 

0-8918. 

A. 

a (1 dern.). 

L«Ja • 

a (1 dc-m.). 

r JIT 

;aj A . a 

(1 dcm.). 

: )V>‘ 

>«Ja ■ 

0708 

4-6-75 5 

rT-24= 

0-80° 

i 7-41° 

4-6-88° 

4-7-71 

0503 

7-00 

7-51 

7-00 

7*09 

7-15 

8-02 

0438 

7*23 

7-74 

7*30 

7-90 

7-41 

8-31 

0152 

7-90 

8-54 

801 

8-73 

8-13 

9-12 

5803 

8-09 

9-32 

8-75 

9-53 

8-92 

10-00 

5590 

9-02 

10-32 

9-70 

10-50 

9-89 

11-18 

5324 

10-52 

11-30 

10-64 

11-00 

10-85 

12-10 

5080 

J 1-43 

12-25 

1 1-57 

12-00 

11-81 

13-24 

4801 

12-48 

13-38 

12 00 

13-79 

12-99 

14*30 

4078 

13-43 

14 41 

13-04 

14-85 

14 04 

15-09 

4455 

14-54 

15-00 

14-83 

16-17 

15-37 

17-22 

4359 

1508 

10-17 

15-40 

10-84 

15-90 

17-90 



Temp. 

il(Kt & 

ili 

Temp. 

d? r 




103-5- . 

0-8580. 

134-1'. 

0-8325, 



A. a 

(1 dem.j. 

.«r- 

a {1 dcm.) 

ilM'l 

,«Ja • 



0708 

- 0-71 

,-7-sr 

0 43 

-7-73- 



0503 

0-99 

8-15 

0-75 

8-11 



0438 . 

7-29 

8-50 

7-05 

8-47 



0152 

8 Ol 

9-33 

7-81 

9 38 



5893 

8-83 

10-28 

S-05 

10-39 



5590 

9-80 

1141 

9-00 

11 00 



5324 

10-78 

12 54 

lU-08 

12-83 



5080 

11-70 

13-09 

11 03 

13-98 



4801 

12-90 

15-02 

12-77 

15 33 



4078 

1404 

10-33 

13 90 

10-75 



4455 

15*51 

18-07 

15-51 

IS 03 



4359 

10-11 

18-77 

10-10 

19-40 



Readings were taken at 158°, hut on checking the rotation of 
the ester at a lower temperature, decomposition was indicated. 

n -A 0 }iyl 1 .Ladatr , — The w-nonvl alcohol used was prepared 
from ti-ootyl alcohol (see under /i-hexyl lactate). Fifteen grains 
of nonyl alcohol (b. p. 107 — 108 ' 15 mm.), 12*6 grams of dry zinc 
ammonium Mactato, and 8*8 grams of concentrated sulphuric 
acid were heated together on a water-bath for five hours. The 
subsequent treatment was as dcscrilnd under hexyl lactate. Yield 
11 § rams (50 per cent, of the theoretical). The ester, fractionated 
four times in a vacuum, had h. p. 153— 154 20 mm. (oil-bath 
temperature 180°), [aj* + 919\ f + 1!)\S.V, and rff 0*9191. 

No comparative data are available for this ester. 

Densities determined ; 
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t° 4-6° 18-57° 45-6° 83-2° 130-5 8 

<ij 0-9320 0-9201 0-8977 0-8661 0-826:5 


The ester exhibits complex rotatory dispersion. 



Temp. 


Temp. 

dT 

Temp. 



4-8*. 

0-9319. 

23-4°. 

0-9161. 

74-5*. C 

1-8734. 

A. 

a (1 dcm.). 

[°1a • 

a (1 dcm.). 

wr- 

a (1 dcm.). | 

M?*. 

CTOS 

-p6-63° 

} 7-12° 

4-6-75° 

-j-7-37° 

+6-89° 

fT-89 3 

6563 

6-87 

7-37 

702 

7*66 

7-18 

8-22 

C438 

7-06 

7-58 

7*24 

7-90 

7-42 

8-5u 

6152 

7-68 

8-24 

7-88 

8-60 

8-14 

9-32 

5893 

8-30 

8-91 

3*52 

9-30 

8-84 

10-12 

5590 

9-20 

9-87 

9-46 

10-34 

9-80 

11-29 

5461 

9-C4 

10-34 

9-94 

10-85 

10-39 

11-90 

5324 

10-24 

10-99 

10-54 

11-51 

11-00 

12-59 

5086 

11-12 

11-93 

11-46 

12-51 

11-99 

13-73 

4861 

12-10 

12-99 

12-46 

13-66 

13-10 

15-00 

4678 

12-94 

13-89 

13-28 

14-50 

14-00 

16-03 

4455 

13-88 

14-90 

14-34 

15-65 

15-08 

17-27 

4359 

14-32 

15-37 

14-80 

16-16 

15-63 

17-90 



Temp. 

d\ M '° 

Temp. 





100-5'. 

U-8516. 

128 v . 

0-8286. 



A. a 

(1 dcm.). 

r ilUO'5 

1°Ja • 

a (i dcm 

i .• .5?K' 

■)* • 



67U8 

4-6*99* 

-1-8-21" 

4-7-07" 

8-53" 



6563 

7-30 

8-57 

7-40 

8-93 



6438 

7-56 

8-88 

7-67 

9-26 



6152 

8-20 

9-48 

8-29 

10-00 



%j8U3 

9-00 

10-57 

9-20 

11-10 



5590 

10- 10 

11-86 

10-30 

12-43 



5461 

10-60 

12-45 

10-77 

13-00 



5324 

11-20 

13-15 

11-41 

13-77 



5086 

12-20 

14-33 

12-34 

14-89 



4861 

13-32 

15-64 

13-52 

16-32 



4678 

14-24 

16-72 

14*49 

17-49 



4455 

15-41 

18-09 

15-71 

18-96 



4359 

16-01 

18-80 

16-33 

19-71 





Summary 




(i) In the homogeneous 

condition, 

the active n-alkyl ] 

lactate: 


from the methyl to the nonyl member, exhibit complex rotatory 
dispersion of a normal and similar type. 

(ii) The molecular rotations of the series give a smooth curve, 


reaching a maximum at the hexyl ester (or the heptyl ester at lower 
temperatures). The maximum at the hexyl ester and the abnormal 
value for the amyl ester may be explained by assuming the helical 
structure of the carbon chain. 

(iii) With two exceptions, the rotatory power of the esters increases 
with temperature. The temperature effect in all cases is slight. 
«-Butyl and n -octyl lactates show maxima in the temperature- 
rutation curves. 


University or Birmingham, 

E JOGS ASTON. 


[Received, Juuunnj iof/j, 1 9-3. j 
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LXXII . — Inorganic Complex Salts. Part II. Erdmann's 
Salt and its Derivatives. 


By William Thomas. 


Werners classic researches on the inorganic complex salts have 
enabled ns to give definite configurations to most of the isomerides 
occurring in this group of compounds. A definite configuration, 
however, has not been given to Erdmann’s salt, ammonium tetra- 
nitrodiamminecobaltiate, one of the first known complex salts of 
cobalt (J. pr. Chem., I860, 97, 38o). It appeared of interest to 
ascertain which of the formula? (I and II) should be assigned to 
this compound. 

It is evident that replacement of n it ro -groups in the trans- 
di am mine compound would not yield an asymmetric molecule, 
hut replacement of one or more nitro-gronps of the m-diamrnine 
complex might result in a molecule resolvable into optical antipodes. 

It was found that oxalic acid acts on the compound, two nitro- 
groupft being replaced by one oxalato-group. The possible modes 
of replacement are best seen from the following figures. 


(I.) 


xh 3 

X0 2 XO, 

/ , / 

X0 2 “ NO., 

xh 3 


XH 3 



nh 3 

XH 3 NO., 

(ii.) ./ / “ 

X0~ xo, 

XO, 


(in.) 



nh 3 

- no. 


xo/ 



or 


xk 3 _ 


XH, 


XO., 



(IV.) 


X( >, 


ibe product from the /rflHS-diaminine complex is thus ammonium 
oxalato-nVdimtro-toi/^-diammineeobaltiatc, in which a plane of 
symmetry passes through the aeid groups. 

In the case of the m-diammine structure two products are 
possible, ammonium oxalato ha^-dinitro-r/s-dianuninoeobaltiate 
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(III) and ammonium oxalato-cis-dinitro-a^diamminecobaltiate 

(IV) . In the sequel these will be referred to as the trans-cis- an( j 
the c is - cis- complex es , respectively. Of these, the CM-cw-complej 
alone is asymmetric and therefore should be resolvable. 

The product of the action of oxalic acid on Erdmann’s salt was 
converted into the barium salt, which was separated by fractional 
crystallisation into isomcridcs belonging to the rhombohedral and 
monoclinic systems, respectively, the former being the more soluble 
and present- in larger quantity (4 : 1). Attempts to resolve these 
by means of alkaloid sulphates were successful in the case of the 
rhombohedral crystalline compound only, indicating that it is the 
m-nVcomplex (IV). The non -resolvable compound (monoclinic) 
must therefore be the trans-cis - complex (III). The corresponding 
malonato-derivative was also prepared, but could not be resolved. 

Attempts to prepare the dioxalato-derivative, 
[(C,0 4 ) 2 Co(NH 3 )]NH 4 , 

and the dimalonato-derivative were unsuccessful. 

Jaeger and his collaborators examined the crystals of the optic- 
ally active antipodes of a large number of complex salts of the 
type McX 3 (Rec. truv. chi in., 1919, 38, 171), in which the groups 
round the central atom are identical. These complex salts in 
aqueous solution have enormous rotatory power, but the tendenev 
to develop hemihedral forms is very feeble. Whereas enantio- 
morphism of molecular configuration is the one and only condition 
for development of optical activity, Jaeger suggested that chemical 
contrast of the groups round the central metallic atom would 
possibly favour the formation of hemihedral crystals of the anti- 
podes. The foregoing asymmetric derivative of Erdmann s salt 
contains different groups round the central atom, but optically 
active crystals have not been obtained, racemisation taking place 
during crystallisation. 


E X P E R I M E N T A L. 

Erdmann s salt, prepared by .Jorgensen's method ( Z , anorg. 
Chcm ., 1898, 17, 476), was purified by repeated recrystallisation 
and converted into ammonium oxalatodinitrodiamminocnbaltiate 
by the action of a concentrated solution of oxalic acid (Jorgensen. 
ibid., 1896, 11, 440), subsequent deposition of small, rhombn- 
hedral and of monoclinic crystals indicating the formation of two 
products. The ammonium salt having been converted into the 
barium salt by means of a saturated solution of barium chloride 
(1 equiv.), the isomcridcs wore separated by fractional crystal- 
lisation, the one yielding the rhombohedral crystals being by far 
the less soluble (Found ; for the rhombohedral crystals, Co -= 15 _ 94 ; 
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Ba = 18*54; H 2 0 = 7*30. [{NH 3 ) 2 Go(C 2 0 4 )(N0 2 ) 2 ] 2 Ba,3H 2 0 re- 

quires Co - 16*01 ; Ba - 18*49; H 2 0 = 7*33 per cent. Found : 
f or the monoclinic crystals, Co = 16*45; Ba == 1918; H 2 0 = 5*25. 
[(^ T H 3 ) 2 Co(C 2 0 4 )(N0 2 )2] 2 Ba,2H 2 0 requires Co — 16*39; Ba — 19*10; 

H, 0 — 5*00 per cent.). 

Barium was weighed as sulphate. To estimate the cobalt, the 
complex salt was destroyed by heating it with sodium hydroxide, 
and the cobalt, thereby precipitated as the hydroxide, was dissolved 
in sulphuric acid and reprecipitated from the neutral solution as 
ammonium cobalt phosphate, which was ignited to the pyrophos- 
phate, CojP 4 0 7 . The water of crystallisation was estimated by 
keeping the finely divided crystals at 95° until there was no further 
loss of weight. 

Resolution of the. Complex Salt . — Equivalent quantities of the 
barium salt and an alkaloid sulphate were mixed in solution and 
the filtrate subjected to fractional crystallisation. Brucine and 
cinchonine were unsuitable for the purpose, hydrolysis taking place 
and the free base being precipitated. With strychnine, however, 
two fractions containing strychnine Loxalala-i-iz-rlinitro-ciH’diarnmine- 
cubaltiate were obtained ; subsequent fractions contained the free 
alkaloid. When d-phenylethylamine was employed as the active 
base, the first fraction contained the (/-complex salt. These active 
salts were converted by aqueous potassium iodide into the active 
potassium salts, which had (x] r , ; 154 , whence [ M ] D 4815' {Found : 
Co — 17*75; H 2 0 — 5*55. 1{\H. 1 ) 2 ( , o(( , /) 4 )(\(> 2 ) 2 ]K.H ;! 0 requires 
Co = 17*87 ; H 2 0 — 5*45 per cent.). 

Bariu m Malonatodi n //ro-eis-r/w mm i n* cuhnltiatr , 

[ { X H r . )/ *o ( ( y H 2 ( ) 4 ) { X ( )., ) 2 }., Ba . 2 H 2 0 , 
was prepared by mixing saturated solutions of equivalent quantities 
of oxalic acid and Erdmann's salt, adding barium chloride solution, 
and allowing the very soluble barium salt to separate (the am- 
monium salt is even more soluble). Two derivatives are again 
possible as in the case of the oxalato-dcrivative. hut no separation 
could he effected (Found : Co 15-66; Ba - IS *34: H 2 0 = 4*86. 
[(XH g )Co(C 3 H 2 0 4 )(X0 2 ) 2 ] 2 Ba,2H 2 ( > requires Co =15*78: Ba — 
18*38; H 2 0 = 4*82 per cent.). 

Crystals of these complex compounds were examined by Miss 

I. E. Knaggs (T., 1922, 121 , 2069). 

Note, — Since the completion of the above work, Hiesenfeld and 
Clement have published a paper {Z. anonj. ( him.. 1922. 124, 1) 
111 which they conclude that Erdmann's salt is the /ra/fs-diammine 
compound, because they did not succeed in resolving its derivatives. 

The University, Aberdeen. ftict iral, Fibrunnj ].«/. 1923.] 
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LXXIII. — The Preparation of Xylose from Maize Cobs . 

By Arthur Kobert Ling and Dikshaw Rattonji Naxji. 

The preparation of xylose from maize cobs has in recent years 
been exhaustively studied by Hudson and Hardinge (J. /I )l}er 
Chem. Soc 1918, 40, 1601), La Forge and Hudson ( J . Ind. Emj 
Chem ., 191$, 10, 925), and Monroe ( J . Amir. Chem. Soc., 1919 
41, 1002). Recently, while engaged on some problems in con. 
nexion with the fermentation of sugars with different micro- 
organisms, we found it necessary to prepare xylose in considerable 
quantity. Hudson and Hardinge method ( loc . cit.) was at first 
employed, but after having repeatedly worked with several kilo, 
grams of the cobs following exactly the instructions given by those 
authors, we found their method required some modification. 

The broken cobs (1 kilo.) are soaked in 2 per cent, ammonia 
solution, sufficient to cover them, and kept over-night. The cobs 
are then washed free of ammonia with hot tap-water and boiled 
under reflux with 8 litres of 7 per cent, sulphuric acid for exactly 
two hours. The main portion of the liquor is decanted from the 
cobs, without filtering, into a 12-litre earthenware jar, and the re- 
mainder of the extract is recovered by pressing the residue in a 
hand-press. The total extract, while still hot, is neutralised with 
the requisite quantity of precipitated chalk. The neutralisation 
takes place readily and does not require more than thirty minuter 

Judging from our experience, we do not recommend the altern- 
ative procedure of Hudson and Hardinge to neutralise with lime. 
Whilst there is no special purpose served by using lime, it has (In- 
distinct disadvantage of causing the decomposition of sonic of 
the dissolved sugar. The use of barium carbonate recommended by 
Monroe is not economical when xylose is to be prepared in quantity. 

The precipitate of calcium sulphate is filtered through a Buchner 
funnel and the precipitate well washed with boiling water. The 
cold straw-coloured liquor after neutralisation is treated with 
20 e.c. of 10 per cent, neutral lead acetate solution for every litre 
of the liquor. The lead precipitate is filtered off and the lead 
removed with hydrogen sulphide. The filtrate from the lead 
sulphide, which is pale yellow, is boiled with norit (20 grams) and 
filtered when all the hydrogen sulphide has been expelled. 1 he 
filtrate at this stage is practically colourless, and is ready for the 
final concentration. 

When this lead treatment is omitted, the neutral liquor possess 
a strong tendency to froth when evaporation under reduced pressure 
is attempted, so much so as to render the concentration process 
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VT ry difficult. The liquor obtained as above, however, after the 
lead treatment does not behave in this way, and the subsequent 
concentration under reduced pressure is carried out without any 
difficulty. This tendency to froth is due to the presence of a 
substance of the saponin class which the lead treatment removes 
from solution. 

The colourless filtrate obtained above is then concentrated under 
reduced pressure to a thin syrup and treated with three times its 
volume of 95 per cent, alcohol. The precipitated calcium sulphate 
is filtered off and the alcoholic solution is then once again con- 
centrated under reduced pressure to a viscous syrup. The pale 
yellow syrup thus obtained is ready for the crystallisation of xylose, 
for which either alcohol or glacial acetic acid may be employed. 
To crystallise from alcohol, the viscous syrup is dissolved in twice 
its volume of 95 per cent, alcohol, when the xylose crystallises out 
in a few hours. When glacial acetic acid is employed, the syrup 
is treated with half its volume of glacial acetic acid, and the crystall- 
isation of xylose takes place immediately. It may. however, be 
remarked here that the syrup obtained under the above con- 
ditions is not free from glucose and therefore the use of alcohol 
is to be preferred to that of acetic acid when xylose is to be 
prepared in a state of purity. The crystals of xylose obtained 
above are collected on a Buchner funnel, washed with 95 per cent, 
alcohol and then with absolute alcohol, and dried in a desiccator. 
The yield of xylose obtained having the correct specific rotatory 
power and melting point was uniformly 10 — 12 per cent, of the 
cobs used, 

We desire to express our thanks to Mr. \V. S. Shaw for his assist- 
ance in carrying out this work. 

Department or Biochemistry or Fermentation. 

University of Birmingham. [/te.TtVcrf. Junuary 3 1«L 


LXXIV . — Bromin<(fion of 01 yoxnl inc-A-curhoxyanilide. 

By Harold King and William Owen Murcii. 

"I he primary object of this investigation was t he preparation of 
TbromoglyoxaIine-5-carboxylio aeid with the view of svnthesiiur 
xanthine (II), by condensation of t hr ester (I) with carbamide. 


}'H 2 KtO-OC 

V° + 

*ff 2 U.) BrC“N 


CH 


NIRO 
CO t’-NH 

i 1 1 

NH-C— N 


>CH 


au 
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Hitherto syntheses of purine derivatives have only been effected 
via the pyrimidine ring, although the complementary process 
starting with the glyoxaline ring, has frequently been suggested 
(Windaus and Knoop, Beit. Physiol. Path., 1905, 6, 392; Johnson, 
J. Amer. Chem. Soc. } 1914, 36, 338 ; Winterstein and Trier, “ Die 
Alkaloide,” p. 315; Hopkins, T., 1916, 109, 629; Fargher and 
Pyman, T., 1919, 115, 217). Whilst the primary object has been 
attained, the small yields have hitherto precluded systematic 
attempts to condense the ester with carbamide. 

The method of preparation adopted was the brominatiou of 
glyoxaline -4 -carboxvanilide (III), which can be obtained in quantity 
by Fargher and Pyman's process (loc. eft.), using two molecular 
proportions of bromine in glacial acetic acid solution. The main 
products are glyoxaline A-carboxaj^-bromoanilide (IV) and 2:5. 
dibromoglyoxalineA-carboxy^bromoanilide. (V), of which about 


“ ll > -XHPh^oT^™ 


- V >CH (iv., 


equal weights are obtained. The remaining products of the reaction 
are 6-brom oglyoxa line- 4-carboxy-y-brom on n il i de (VI), which Is 
obtained in smaller yield, accompanied by a substance, melting at 
247 , containing 50'S per cent, of bromine, a value somewhat less 
than that required for an equimolecular mixture of di- and tri- 
bromoglyoxalinecarboxyanilides. This substance was only isolated 
pure in small quantity, and no means has been found of preparing 
the dibromoanilide perfectly free from it. 


BrC'XH\.pjj r 

CjHjBi-XH-COC— X ‘ (V,H,BrXlK , ()-C-N^ 

(V.) (VI.) 

The constitution of these bromo-derivatives follows from an examin- 
ation of their products of hydrolysis . Glyoxaline-4-carboxy-p-bronio- 
anilide (IV), on hydrolysis by boiling w ith concentrated hydrochloric 
acid, gives p-bromoaniline and glyoxaline-4-carboxylic acid. 2 :5- 
Dibroznoglyoxaline-4-earboxy-p-bronioanilide (V), on hydrolysis 
under pressure with hydrobrornic acid, gives p-bromoaniline, 2:4- 
dibromoglyoxaline, and 2-bromoglyoxalinr, the proportions of the 
latter two depending on the conditions employed. The 2:4- 
dibromoglyoxaline obtained agrees with that prepared by Balaban 
and Pyman by decarboxylation of 2 : 5-dibromoglyoxalinc-4- 
carboxylic acid (T., 1922, 121, 957). It gives a very sparingly 
soluble additive compound with silver nitrate in acid solution, 
the composition agreeing with 2C 3 H 2 X 2 Br 2> AgX0 3 ,HN0 3 . The 
constitution of this interesting product may be represented on the 
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basis of Werner’s view of the constitution of complex salts, by 

r H h t 

analogy with ammonium salts N CT and with the com- 

Lh hJ 


pound [IAglJ'H , if it be assumed that the silver atom is substi- 
tuted for the iraino -hydrogen of one of the glyoxaline nuclei as in 
the silver salts of glyoxalines formed in ammoniacal solution. The 
additive compound may, therefore, be written : 


(N0 3 ) 2 " 


BrC— ~CH (pH— CBr Y 

HN N— Ag— N NH u* 


CBr OBr 


the silver atom holding the nuclei together by co-valence whilst 
the H* and (N0 3 ) 2 " are held by electrovalence. 2 : 5-DichIoro- 
glyoxaline appears to form a similar compound, and Wallach and 
Bohringer (Anmlen, 1877, 184 , 50) have described an additive 
product of silver nitrate and methylehloroglyoxalino nitrate, but 
the other mono- and tri-bromoglyoxalines examined bv us failed 
to give insoluble silver compounds in acid solution. The formation 
of such sparingly soluble silver compounds in acid solution is unusual, 
hut xanthine and theobromine both give precipitates, containing 
silver nitrate, in nitric acid solution. We have not had in hand 
4 : 5-dihalogenated glyoxalines for comparison with their isomerides 
in this respect. 

2-Bromoglyoxaline has not previously been described. It melts 
at 207 and its constitution follows because it is not identical with 
4-bromoglyoxaline, prepared by Balaban and Pyman. It is 
characterised by its sparingly soluble pic rate and its nitrate. 
This disposes of the last of the jiossiblc ('-substituted bromo- 
glyoxalincs. 

When 2 : u-dibromoglyoxaline-4-carboxy-p-bromoaniIide is 
hjdrolvsed under pressure with concentrated hydrochloric acid, 
the main product is 2 : o-dich loroijbjoxa line, the two bromine atoms 
having been replaced by chlorine. 

o-Bromoglyoxaliin*-4-carboxy-p-bromoanilide (VI), on hydrolysis 

uith hydro bromic acid, gives A-bromoyhjoxal ine-o-ca rhoxijl ie arid , 
t e primary object of this investigation, and 4-bromoglyoxaline, 
t c proportions depending on the conditions employed. 4-Bromo- 
giyoxaline proved to be identical with the product isolated by 
a a an and Pyman ( loc . at.) by reduction of 4 : 5-dibromoglyoxaline. 


K X P E It I M E N* T A I . 

Bromination^ of Ghjoxa liucA-ca r box pa n Hide. Isolation of Mono-, 
1 1 an ^ Tfi-brotnoglyoxaUneA-iarlyo.vyanilides. — - To glyoxaline* 
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4-carboxyanilide (93 *5 grams), dissolved in glacial acetic acid 
(500 c.c.), a solution of bromine (55 e.c. ; 2 mols.) in glacial 
acetic acid (200 c.c.) was added slowly during half an hour, the 
temperature being kept below 20°. The crystalline solid, \ 
which separated on keeping over-night was collected and extracted 
twice on the boiling water- bath, each time with 2 litres of water. 
The aqueous filtrate, on cooling, deposited 12 grams of a mixture 
of mono- and di-broraoglyoxaline-4-carboxyanilides, and the filtrate 
from these, on making alkaline, gave almost pure monobromo. 
glyoxaline-4-carboxyanilide (54*0 grams). The remainder of A was 
extracted four times with 2 litres of 3 per cent, hydrochloric acid. 
On cooling, 16‘5 grams of crude dibromoglyoxaline-4-carboxyanilide 
separated, the filtrate depositing a negligible quantity of material 
on neutralisation. The insoluble solid A (56 grains) now consisted 
of slightly impure tribromoglyoxaline -4-carboxyanilide. 

GlyoxalincA-carboxy-y-bromoamVuh crystallises from four times 
its weight of boiling glacial acetic acid in colourless needles containing 
two molecules of acetic acid, which are lost at 100° (Found : loss = 
32*2. C I0 H 8 OX a Br,2O 2 H 4 O.> requires loss — 302 per cent.). It 
is very sparingly soluble in boiling water and separates on cooling 
in glistening leaflets, m. p. 273— 274 u (Found : Br = 301. 
C I0 H 8 OX 3 Br requires Br - 30*0 per cent.). It is sparingly soluble 
in the other usual organic solvents, and insoluble in sodium hydroxide 
solution, and it gives crystalline salts with acids. 

Hydrolysis of Ol yo.ra linc-l-earbo.ry-p-bromoaniUdc . — The anilide 
was hydrolysed by boiling with concentrated hydrochloric acid lor 
seven hours. The solution was evaporated to dryness under reduced 
pressure, made alkaline with ammonia, and the p-bromoa inline 
extracted with ether. The extract was acetylated and gave, on 
crystallisation from alcohol, p-bromoaeetanilide, melting at 1(3(5— 
167= (Found : Br — 36*9. Calc., Br - 37*3 per cent.). The 
ammoniacal liquor was concentrated to a small bulk and made 
faintly acid to Congo-paper. Olyoxalinc-4-earboxylic acid separates 
on keeping. It was identified by comparison of its melting point 
and crystalline form with thuse of an authentic specimen. 

2:5* T)i brow oglyoxa l i n c - 4 - carboxy - p - hromoanilidr crystallises 
from twelve and a half times its weight of boiling glacial acetic 
acid in plates. It occasionally crystallises from the same solvent 
in fine needles with one molecule of acetic aeid (Found: loss at 
100" — 12*3. C m ll B r 3 , C ' 2 H 4 0 2 requires loss ~ 12 4 per 
cent. Found: on plate form, Br - 56*4. requires 

Br --- 56*6 per cent.). In ethyl or methyl alcohol and in ethyl 
acetate it is sparingly soluble, but it dissolves readily in hot acetone, 
in chloroform, benzene, or xylene it is practically insoluble. It 
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untouched by cold aqueous acids. With 2W-sodium hydroxide it 
forms a crystalline sodium salt, soluble on dilution, but precipitated 
only by prolonged passage of carbon dioxide. It is readily soluble 
on warming in A./2- sodium carbonate solution and gives no color- 
ation with Pauly’s reagent. It melts at 257—258° with decomposi- 
tion. 

Hydrolysis of 2 : 5- DibromoghjoxaU neA-carboxy-p-bromoanilide with 
Hydrochloric Acid. Isolation of 2 : 5 - Dichloroylyoxalin e . — Ten grams 
of the tribromoanilide were hydrolysed in sealed tubes with 50 c.e. 
of 32 per cent, hydrochloric acid at 150° for three hours. The 
solution was evaporated to dryness, the residue dissolved in a small 
volume of water, made alkaline with sodium carbonate, and extracted 
six times with ether. The ethereal extract (6*G grams) was steam- 
distilled, p-bromoanilinc passing over in the distillate. On acetyl- 
ation, it gave 4*6 grams of p-bromoacetanilide, which, on recrvstallis- 
ation from spirit, melted at 166 — 167 " (Found : Br 37*0 per 
rent). The ethereal extract of the substance non-volatile in steam 
amounted to 2*23 grams. On recryslallisation from benzene or, 
better, from water, it melted at 184 — 185" and had all the qualitative 
reactions of a dihalogenated glvoxaline. Analysis showed, however, 
that it consisted of about 95 per cent, of dichloroglyoxaline and 5 per 
rent, of dibromoglyoxaline [Found : X -= 19*9, 19*7; AgOl -f- AgBr 
- 203 7, 202-7, 20.3*8. CM,S,(X (95 per cent.) C , a H.,X 2 Br 2 
(o per cent.) requires X - 20*3; AgCI AgBr - 2o3*4 per cent.]" 
The possibility is not excluded that some of the bromo-constituent 
may he present as a mixed ch]orobmmogly< »xaline. I f was not found 
possible to isolate a purer dichloroglyoxalino owing to the formation 
of mixed crystals. 

2 : 5-l)ichlorogiyoxaline. as obtained a bow. dissolves to ihe extent 
nf 3 per cent, in boiling water and crystallises in prismatic needles. 
It is very soluble in ethyl acetate, but very sparingly so in chloroform 
or benzene, It is soluble in ether and can be extracted from 
aqueous solutions by this solvent. It is soluble in hydrochloric 
acid (more concent rated than 3.Y) and is precipitated on dilution. 
It is slowly soluble in dilute sodium carbonate solution, readily 
soluble in dilute sodium hydroxide, and is precipitated bv excess 
of carbon dioxide. In nitric acid solution, it forms a sparingly 
soluble additive product with silver nit? ate (>ee corresponding 
dibromoglyoxaline). 

Hydrolysis of 2 : •>-! >ihro)/io(flyo.ivi uu '-4-cu rbo.vy-]t-bn>nt(»i nil id* with 
Hydrobroifiic Arid. Isolation of Mono- mid hi-hratno(jlffox<ilhif <. — 
Ihe products obtained de|H*ml on the strength of hydrohromie acid 
used. I wo grams of tribromoanilide, heated in a sealed tube for 
tuee hours with JO r.c. of 24 per cent, hydrohromie acid, gave U 4 
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gram of unchanged solid, and on removal of excess of hydrobromic 
acid and dilution with water, 0 25 gram of 2 : 5-dibromoglyoxali Ile , 
On rccrystallisation from water, the latter melted at 197—198’ 
(Found : Br = 70*6. Calc., Br = 70-7 per cent.). The qualitative 
reactions are in agreement with those described for this substance 
by Bala ban and Pyman. 

Ten grams of the tribromoanilide were hydrolysed in sealed tubes, 

4 grams with 24 per cent., and 6 grams with 30 per cent., hydro- 
bromic acid at 150° for three hours. After removal of 1*5 grams of 
unchanged material, the solutions were evaporated to dryness under 
reduced" pressure and the residue, on dilution with 10 e.c. of water, 
gave 0*4 gram of 2 : 5 -dibromoglyoxaline. The filtrate was made 
neutral to Congo-paper by addition of sodium hydrogen carbonate and 
extracted with ether, which removed some p-bromoaniline, tar, and 
dibromoglvoxaline. The aqueous liquor was then made alkaline 
and extracted with ether, and the ethereal residue extracted with 
cold chloroform. The solid left undissolved (1*05 grams) was 
monobromogl voxali ne. 

2 -Bromoglyoxaline crystallises from water in long, prismatic 
needles, m. p. 207°. It is readily soluble in dilute hydrochloric acid 
and in dilute sodium hydroxide. From the latter it is precipitated 
by carbon dioxide (Found: Br = 54' 2 ; N = 18*9. C 3 H 3 X,Br 
requires Br - 54 * 4 ; X = 19 1 per cent.). With Pauly’s reagent, 
it gives a deep orange colour. 

Thepicrate crystallises from w ater, in which it is sparingly soluble, 
in very long, glistening, yellow needles, m. p. about 232 with 
decomposition (Found : Br - 21 3. C a H 3 X,Br,C 6 H 3 0 7 X 3 requires 
Br — 21*2 per cent.). 

The nitrate crystallises from water in stout needles and decomposes 
violently at 137» (Found : Br - 37 9. C 3 H 3 X,Br,HX0 3 requires 
Br = 38T per cent.). 

The silver nitrate additive compound of 2 : rMromoglyoraUnt 
nitrate was obtained hy dissolving 0 2 gram of dibromoglyoxalini' m 
3 c.c. of 3 .V-nitrie acid and adding ■>'•> e.c. of X,/ 10 -silver nitrate. 
The additive product sejmrated immediately m line needles, tie 
yield being 0*3 gram (Found : Br ~ 15*7. 2 C 3 H 2 N 2 B r 2 , A g X . - 1 3 
requires Br — 15*8 per cent.). 

o-BromoglyoxaIinp-4-carf)oxy^bromoan Hide.— This substance 
readily and quantitatively separated from any accompanying 

gIyoxaline-4-carboxy-p-bromoanilide by extraction with very n u e 
hydrochloric acid, hi which the monobromo-derivative is awn 
soluble. It can also be practically quantitatively separate m 

0 - 5-dibromogIvoxaline-4-carboxv-p-bromoanilide by extraction 

hot 3 per cent, hydrochloric acid, in which the tribromoandule 
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insoluble. The yield of material free from mono- and tri-bromo- 
glyoxalinecarboxyanilides is about 22 grams. 

~yBromoglyomlineA-mrhoxy-p-bromoanilide crystallises from 
glacial acetic acid in fine, soft, white, silky needles, m. p. 245—246°. 
It is soluble in about six parts of boiling acetic acid (Found : Br — 
47*1, 47 1, 47 1. C 10 H 7 ON 3 Br 3 requires Br = 46’3 per cent.). 
In spite of numerous attempts by various methods, a product with 
a lower bromine value was never obtained. On keeping, the glacial 
acetic acid mother-liquors deposit small, hard, clear tablets of a 
sub-stance containing a higher percentage of bromine and melting 
with effervescence at 247° (Found : Br — 50'9 per cent.). The 
reactions of this substance and of dibromoglyoxalinccarboxyanilide 
are almost identical. After repeated crystallisation from glacial 
acetic acid, dibromoglyoxalinecarboxvanilide retains a small percent- 
age of this substance, as is shown by the analyses. A mixture of the 
two melted at 235°. Both form crystalline sodium salts on treat- 
ment with 2A r -sodium hydroxide solution and are dissolved on 
dilution; both are reprecipitated in needles on passing carbon 
dioxide through the solutions. This substance of unknown constitu- 
tion is, however, very sparingly soluble in boiling glacial acetic acid 
when obtained pure. It has not been isolated in sufficient quantity 
for complete analysis. It is also formed when pure glyoxaline-4- 
carboxy-p-bromoanilide is brominated (Found : Br — 50*7 per 
cent.). 

Hydrolysis of 5 -Brom oglyo.ra line A-ra rlioxy- \)-bromoa)uIi(h with 
Hydrobromic Arid— The products depend on the strength of acid 
used. 

IWf/i 24 per cent. H ydrobrotttic Acid. — Two grams of the dibromo- 
glyoxalineearboxyanilide were heated in a sealed tube with 10 c.c. 
of hydrobromic acid (24 per cent.) for three hours at 150°. The 
solution was evaporated to dryness under reduced pressure, the 
residue dissolved in water, and sodium hydrogen carbonate added 
until the solution was faintly acid to Congo-paper. The crystalline 
bromoglyoxalinecarboxylic acid which separated was washed with 
ether to remove adhering p-brnmoaniline and then weighed 0‘6 
gram. The filtrate was thoroughly extracted with ether, and, on 
removal of the latter, crude p-hmmoaniline was left (0 63 gram). 
On dissolving in a little chloroform, 0 05 gram of hromo-aeid was 
deposited. The aqueous filtrate was then made alkaline with sodium 
carbonate and extracted with ether, which on evaporation left a 
further quantity of p-hmmoaniline. The two fractions of p-hromo- 
anilinc were combined and when acotv kited weighed 1*0 gram. On 
recrystallisation, p-bromoacetanilide was obtained, melting at 
67 168 (hound : Br — 37*2 per cent.). 
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With 30^r cent. Hydrobromic Acid. — When 2 grams of the anilide 
were hydrolysed as above with 30 per cent, hydrobromic acid, 4 . 
bromoglyoxaline was isolated. The acid liquor was evaporated to 
dryness under reduced pressure and the residue made alkaline with 
sodium hydrogen carbonate and extracted with ether. The ethereal 
extract (T35 grams) was distilled in steam, p-bromoaniline passing 
over. The non-volatile portion was treated with charcoal ami on 
concentration gave 0*2 gram of 4 -bromoglyoxaline, melting at 
132 — 133°. A portion was converted into picrate, which crystallised 
in leaflets melting at 164 — 1G"> J (Found : Br --- 21 T. Oak., 
Br — 2T2 per cent.). The properties of the 4-bromoglyoxaline, its 
nitrate, and its picrate agreed with those described by Balaban and 
Pyman. 

The original alkaline aqueous liquor was concentrated to a small 
volume under diminished pressure, and on making faintly acid to 
Congo-paper, o-bromogIyoxaline-4-earboxylic acid separated to the 
extent of 0*7 gram, 

o-Bromoglyoxali nr A -carboxylic acid is soluble in .10 parts of boiling 
water and crystallises in clusters of leaflets, m. p. 20.5' with offer- 
vescence. It is soluble in dilute hydrochloric or sulphuric acid and 
is precipitated by concentrated hydrochloric acid as the hydro, 
chloride in small compact rosettes. With 3A’-nitrie acid, it forms 
a sparingly soluble nitrate, soluble on dilution. It is soluble in 
sodium hydrogen carbonate and forms a sparingly soluble salt with 
2A T -ammonia. The anmioniaeal solution gives a silver salt on 
addition of silver nitrate. The acid couples with Pauly's reagent, 
giving a deep orange colour, but not so red as that given by glynx- 
aline-4-earboxylic acid (Found : Br 41*9; N 14*8. (\H 3 0 2 X ;i Br 
requires Br - 41 ‘8 ; A 147 percent.). 

The ethyl ester was prepared substantially as described by Pyman 
(T., 1916, 109. 200) for ethvl glvoxaline-o-carboxylate. It separate* 
as a crystalline powder on adding saturated potassium carbonate 
solution to an aqueous solution of the hydrochloride. It is most 
conveniently recrystallised from toluene and separates in thin, 
glistening plates melting at 170 171 . It is readily soluble in 

acetone, alcohol, ethyl acetate, or benzene, but almost insoluble in 
low- or high-boiling petroleum (Found: X 13 0 . 
requires X — 12*8 percent.). 

The original acetic acid inothcr-liquors of the bromi nation of 
glyoxalinecarboxyanilide were concentrated to small bulk and pouivd 
into water. After making alkaline, the total solid weighed 16 
grams. This was put through the same process of fractionation as 
the main batch of material, namely, extraction with 230 c.e, of .1 F r 
cent , hydrochloric acid on the boiling water-bath. I he insoluble 
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material was highly coloured and could only be partly resolved into 
its constituents. Tribroraoglyoxalinccarboxyanilide was, however, 
isolated. The ackUsolublc extract gave 6*3 grams of almost pure 
monobromoglyoxalinecarboxyanilide. 

Bromination of (UyoxalineA‘Carboxij-i^brornmjiilide.~\\hen pure 
glyoxaIine-4-carboxy-p-bromoanilide was treated in glacial acetic 
acid solution with bromine (1 mol.) and the products w'ere worked 
up as in the case of the bromination previously described, the same 
products were isolated, the o-bromoglyoxaline-4-carboxy-p-bromo- 
anilide being again obtained mixed with the substance melting at 
247° and containing 50*7 per cent, of bromine. 

Bromination of 5-Bro)nogb/omU ne-4-ca rboxy- p-b romoan Hide. —One 
graiu of the dibromoanilide (Br — 47*1 per cent.) was brominated 
in glacial acetic acid solution (1 mol. Br). After standing for 
twenty -four hours in the dark, the acetic acid was removed by 
distillation under reduced pressure and the residue dissolved in dilute 
sodium hydroxide solution. On passing carbon dioxide for a short 
time, a voluminous precipitate was obtained, from which, on 
extraction with hot 3 per cent, hydrochloric acid, the substance , 
melting at 247° and containing "><J S per cent, of bromine was 
removed. The residue which was left on crystallisation from glacial 
acetic acid separated in warts melting above 2S0\ The main 
product of the bromination was isolated from the alkaline liquors by 
prolonged passage of carbon dioxide and was identified as 2 : o- 
dibromoglyoxaline-4-carboxv-p-brotnoanilide. 

One of the authors desires to thank Professor F. L. Pvman, 
F.R.S., for frequent opportunity of discussing the chemistry of the 
gh’oxalines and for his acquiescence in the publication of these 
results. 
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LXW . — Studies ut Hf/pojdwsphnnms Arid. Rarf I , 
Its Reaction with Silver Xitrat*'. 

By Alec Dim an Mitchell. 

Several reactions have now been studied (Mitchell, T., 1920, 117, 
1322, 1921, 119, 1266; 1922, 121. 1624) in which hypophosphorous 
acid effects reduction of inorganic substances, and certain regu- 
arities have been noted in the rate of reduction. This rate is 
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independent of the concentration of these substances (provided 
they are not too dilute) and is the same in each case for similar 
concentrations of hypophosphorous acid molecules and hydrogen, 
ions, the latter acting catalytically. The inference is drawn that 
some rearrangement of the hypophosphorous acid molecule is a 
necessary antecedent to reaction, and that the more active form 
thus produced exists, to a very small extent, in equilibrium with 
the molecules, the equilibrium being continuously displaced in 
favour of the more active form as it is utilised in the course of the 
reaction. It must he emphasised that the velocity coefficient 
obtained throughout these experiments is based on the assumption 
of an equilibrium and is that of the direct change : it fails to 
represent the course of the reaction in dilute solutions unless it j$ 
considered jn conjunction with a reverse change. Similarly, it 
was shown that the catalytic effect of the hydrogen-ion can be 
expressed mathematically only if it is assumed to accelerate the 
reverse change also. 

The general scheme of the reactions may therefore be represented 
as 

U‘ 

H 2 PO(OH) Hypophosphorous acid „> H 3 P0 3 . 

ir 

(inactive). (active). 

There is a certain amount of indirect evidence that the active form 
is HP(OIi) 2 as opposed to the well-established constitution 
H 2 PO{OH) for the ordinary (inactive) form. It was pointed out 
previously (T., 1022, 121, 1624) that the oxy-aeids of phosphorus 
and their esters show a pronounced tendency to favour the quinqui- 
valent condition, and a tervalent condition, such as that suggested 
for the active form, would be associated with greater activity 
This view is further supported by the fact that the compounds of 
the type R 2 PO(OH) do not exhibit reducing powers with, for 
instance, silver nitrate, whereas those of the type KHPO(OH) do 
so (R being an organic radicle). Such reducing capacity is sometimes 
ascribed to the presence of a hydrogen atom attached directly to 
the phosphorus atom, but this cannot be the primary cause, since 
hypophosphorous acid (as such) lias no reducing power, at any 
rate in a large number of eases, in spite of the fact that it possesses 
two such hydrogen atoms. It appears to be far more probable 
that the more immediate cause is that the hydrogen atom is capable 
of migrating in such a way as to form a tervalent compound. 

(Some organic derivatives of hypophosphorous acid are being 
studied in the hope that their behaviour will give more definite 
evidence on this point. In the meantime, it is justifiable to assume 
that the active form of the acid is isomeric with the inactive form, 
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and one has thus the essential features of tautomerism according 
to the accepted definition as “reversible isomeric change/’ the 
hydrogen-ion functioning as a true catalyst in that it does not 
affect the equilibrium, but only the rate at which it is attained. 

It is believed that this is the first instance in which tautomerism 
of an inorganic compound has been put on a quantitative basis, 
although the possibility of it is suggested in the case of several 
inorganic acids by analogy with their alkyl derivatives, for example, 
the symmetrical and unsym metrical esters of sulphurous and 
phosphorous acids, and the nitro-paraffins and alkyl nitrites derived 
from nitrous acid. In the ease of sulphurous acid, the possibility 
has recently been shown to be a probability by Morgan and Smith 
(T., 1922, 121, 1956) from a consideration of the co-ordination 
number of the salicylatotetramniinocobaltic complex in its bi- 
sulphite, and by Bennett (T., 1922, 121, 1795) in view of the fact 
that sulphurous acid, at the moment of its liberation from its salts, 
is capable of an auto -reduction which it does not otherwise exhibit. 
Undoubtedly, the rate of interconversion of the tautomeric forms 
of these compounds is Usually far too rapid to be demonstrated 
except by methods such as that employed by Usherwood (T. } 
1922, 121, 1604), who, from measurements of the ratio of the 
specific heats of hydrocyanic acid at various temperatures, deduced 
that they are affected by a heat-change which is ascribed to a shift 
in the equilibrium between the two forms. 


It seemed of interest to submit the reactions of hypophosphorous 
acid to a further examination in order to ascertain, if possible, the 
precise nature of its tautomeric form. It was hoped that such 
evidence might be obtained from a kinetic study of the reactions 
when they were due only to the active form and were so slow as 
not to be affected by the preliminary change. In the three cases 
cited, this was done with very dilute solutions of iodine, mercuric 
chloride, and cupric chloride, respectively, and in several other 
cases now being studied the required conditions are fulfilled by 
relatively stronger solutions. The reaction with silver nitrate does 


not lend itself to this purpose except when this reagent is so dilute 
certainly weaker than A -TOO — as to be unsuitable for rapid 
and accurate analysis, but the results are now communicated 
because they give strong confirmation of the uniformity of the 
tautomeric change by their close agreement with the results obtained 
in the cases previously published. 

The rapidity of the reaction between the active form and the 
sUver-ion rentiers the reverse effect of the equilibrium negligible, 
n ere ore one to consider only the direct tautomeric change 
0 the molecules. This is represented bv the equation ds dt ^ 



632 MITCHELL : STUDIES Itf HYPOPHOSPHOROUS ACID. PART y 

H t (\ — a , t )h t , where s is the amount of phosphorous acid produced 
in time t, k t is the concentration of hydrogen-ions at that time 
and l t is similarly that of unchanged hypophosphorous acid, of 
which <x t is the degree of ionisation. If A and l represent the 
corresponding quantities initially, then l t = l — s, and h t ~ A -j- m 
since A is nearly (but not quite) a linear function of ^ ; (1 — a £ ) is 
not a simple function of s, but is regarded as constant for the 
purpose of integration, and allowance is subsequently made: with 
these approximations, one lias 

(A J r ml)(\ — a H )kt — 2*3 (log lj{l — #) -j- log(A -j- wa)/A). 

In employing this equation for any particular time, one uses that 
value of a which obtains half-way through the period, and the 
value of m which represents the change of A with s for that period 

The values of k thus obtained give a mean of 130 x 10 which 
agrees with those found for the three other reductions studied 
128 X 10~ 5 , 134 x 10 -3 , and 111 X 10 3 , although in all cases the 
values decrease slightly for lower concentrations of hypophosphorous 
acid. This is believed to be due to the uncertain effect on its 
ionisation of substances which do not contain a common ion and 
for which no correction has been applied. 

KxPERI II K N T A L. 

The stoicheiometric equation for the oxidation of hypophosphorous 
acid to phosphorous acid is 2AgX0 3 -j- H 3 P0 2 -j- H o 0 — 2Ag ~ 
2HX0 3 -r H 3 P0 3 , but, in the case of silver nitrate, one cannot, as 
in some cases, neglect the further stage of the reaction, so that 
one has also 4AgX0 3 — H 3 P0 2 -j- 2H.,0 ~ = 4Ag -f- 4HX0 3 - 
H 3 P0 4 , and the necessary correction is applied as follows, Nitric 
and hypophosphorous acids are monobasic when titrated with 
either methyl-orange or phcnolphthalein as indicator, whereas 
phosphorous and phosphoric acids are monobasic with the former 
indicator and dibasic with the latter. If, therefore, l represents 
the initial number of hypophosphorous acid molecules, and and 
s\> the number oxidised to phosphorous and phosphoric acids, 
respectively, at any definite time, one has a methyl-orange titre of 
(/ - - .v.) r (-•>, - 4-s,) -T- *.,) l 2*‘ 4.v 2 , and a 

jdienoiphthalein titre of (/ - #.,) • (2-s’j ■! 4 ' <.,) •• (2-^ 

/ r •*>>! o* a , the titres being bracketed to show those duo to 
(1) hypophosphorous acid, (2) nitric acid, and (3) total phosphorous 
and phosphoric acids. The difference between the two ti ires gives 
(.?! - * 2 ) — -<?, and hence (/ — *), and the increase in the methyl- 
orange titre over that at zero-time gives 2*j -j- 4 a 2 , corresponding 
to the amount of nitric acid, produced. 
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The correction thus introduced caused a reduction in the value of 
s amounting usually to not more than 6 per cent., but made the 
method rather more sensitive to experimental error than in the 
case of mercuric chloride, where the results were based on the total 
increase in titre. 

The calculation of results follows the same lines as in previous 
communications. The effect of the silver nitrate on the ionisation 
of the nitric acid produced (and, therefore, indirectly on that of 
the hypophosphorous acid) was allowed for in the same way as in 
the case of copper chloride, the ionisation data of silver nitrate 
and nitric acid being assumed to be the same as those of sodium 
chloride and hydrochloric acid, respectively, since the data for 
these arc known very accurately (Bray and Hunt, Amer. Ckem . 
SoC: } 1911, 33, 781) and any small differences would not appreciably 
affect the slight corrections in the hydrogen-ion concentration 
necessitated by the presence of the silver nitrate. Allowance is 
made throughout for the presence of about 5 per cent, of phos- 
phorous acid initially present in the hypophosphorous acid. 

Test experiments showed that, under the conditions of experi- 
ment, (1) nitric and hypophosphorous acids had no appreciable 
mutual action, and (2) the nitric acid did not redissolve the pre- 
cipitated silver within the time of an experiment unless it became 
stronger than A/5. 

Other experimental details were very similar to those used when 
investigating the reaction with iodine, the temperature being 25 5 
as before. The method of analysis usually adopted was to allow 
a definite volume of the reaction mixture to flow into 50 c.c. of 
water containing excess of sodium chloride, and then to titrate 
with sodium hydroxide (free from carbonate), using first methyl- 
orange and then phenolphthalein as indicators. The precipitated 
silver was carried down by the silver chloride and did not prevent 
the obtaining of sharp end-points. Another method, adopted with 
the weakest silver solutions (in which the oxidation of phosphorous 
acid would be negligible), was to add the desired volume of reaction 
mixture to a slight excess of X 50-anmionium thiocyanate solution, 
filter and wash the precipitate, and haek-titrate the excess of 
thiocyanate with *Y /50-silver nitrate solution : hypophosphorous 
acid was found not to affect the accuracy of this method in blank 

experiments. 

The detail for calculation of experiment IV is shown in the 
following table. The values of * and the concentration of the 
nitric acid are obtained as outlined above, and the degrees of 
ionisation are found by graphic methods ns explained in the iodine 
experiments; H' represents (lie concentration of hydrogen -ions 
vol. exxm. ’ 7 . 



634 MITCHELL : STUDIES IN HYPOPHOSPHOROUS ACID. PART V. 


derived from the nitric acid, a the degree of ionisation of the hypo, 
phosphorous acid, // P * the hydrogen-ions to which it gives rise, and 
the other quantities shown are obtained as described when the 
integration was discussed. All concentrations are in gram, 
molecules per 200 litres, as before, in order to avoid small decimals, 


t. 

s. 

Z-s. 

HNO a . 

ll\ 

a. 


k. 

1 — aa- 

7tl. 

A: X 10 

0 



11-08 



— 

0-645 

7-42 

7-42 

— 

— 



20 

0-77 

10-31 

1-58 

1-47 

0-616 

7*09 

8-56 

0*370 
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40 
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9-41 

3-62 

3-34 
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00 
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0-558 
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80 
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120 
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5-50 

18-01 

0-442 

1-706 

122 

140 

7-37 

3 71 

15-92 

14*70 

0-459 

5-28 

19-98 

0*458 

1-703 

124 

160 

816 

2-92 

17-33 

1600 

0 450 

u-18 

21-18 

0-473 

1-68S 

120 
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AgNO 

3 = 

19-80. 

When 

8 = 0, 

“AgN’O* 

= 0- 

842, on 

ISO* = 

— 





8 = 4, 


0- 

S40, 


0-923. 






8 = 8, 


0- 

837, 


0-922. 



The amount of nitric acid formed after a further period of twelve 
hours corresponded to 19 82, thus, by its agreement willi the 
initial amount of silver nitrate, 19’80, showing that the analytical 
method agrees with the stoicheiometric equation. 

The following table summarises the other experiments, values 
at zero -time being shown : 


xpt. 

AgNO,. 

/. 

0. 

//* P h. k 

1 

1 

19-0 

21-90 

0-544 

12-35 

130 

2 

4-9 

21-84 

0-545 

12-15 

13s 

3 

39-2 

21*90 

0-544 

12-35 


4 

19 N 

11 -Os 

0-045 

7-42 

i.:;: 

6 

49-0 

21-90 

u-541 

12-35 

i,i 

7 

106-0 

21-90 

0-544 

12*35 

134 

8 

9-9 

10-77 

0-650 

7-20 

ll* 

9 

37-1 

10-77 

0-650 

7-20 

i 14 

10 

4S-8 

26-54 

0-520 

14-21 

Mcuu 

143 

13o 


Experiment 2 was carried out by the second analytical method 
and showed no falling off in the value of k until the concentration 
of silver nitrate became less than 2’0 (= A/ 100). Experiment 5 
was an attempt, by the same method, to follow the reaction beyond 
this, but it appeared to be complete in eight minutes and the 
accuracy of the analytical results did not warrant any deductions 
therefrom. 

Summary. 

(1) Hypophosphorous acid reduces silver nitrate at the same 
rate as, ceteris paribus, it reduces iodine, mercuric chloride, or cupric 
chloride. 

(2) This rate is independent of the concentration of the substance 
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undergoing reduction, provided it exceeds a definite value, which 
js A T /50 in the case of silver nitrate, and is ascribed to a change 
involving the formation of an active form of the acid. 

(3) In view of the uniformity of these reductions and of the 
definite evidence that the above change is reversible, it is suggested 
that one has here the first substantiated case of tautomerism in an 
inorganic acid. 

University of London, 

South Kensington, S.W. [Received, February 3rd, 11)23.] 


LX X V I. — Silver Salvarsan . 

By William Herbert Gray. 

Ix 1913, Ehrlich directed attention to the fact that salvarsan 
(diaminodihvdroxyarsenobenzene dihydrochloride) had the re- 
markable property of forming stable complexes with salts of the 
heavy metals. In these, the ionic reactions of the metal had 
disappeared; for instance, they could be made alkaline, and thus 
suitable for intravenous injection, without losing their solubility. 
Sodium silver salvarsan (Brit. Bat. 1247/1014) has come into 
prominence for the treatment of the highly resistant late stages of 
syphilis, and therefore it is of great importance that the real nature 
of these products should be ascertained. 

Two views have hitherto been advanced, (1) that silver salvarsan 
and sodium silver salvarsan * are co-ordination compounds, (2) that 
sodium silver salvarsan is a mixture containing colloidal silver. 
Ehrlich and Karrer (Ber., 1615, 48, 1634) considered that salvarsan 
formed an additive compound (1) with two molecules of silver 
nitrate, in which the silver was attached by residual valency to the 
arsenic : 


XH 2 ,HC1 XH*AgCi 


OH< .... 

. . AgNO-j 

OH 

As 

o- 

. . AgNU, 

OH 

As 

xh 2 ,hci 



XIL.Agt 


Karrer {Ber., 1919, 52, 2321) still maintains this, and states that 
sodium silver salvarsan is formed simply by replacement of the 
phenolic hydrogen by sodium. Binz and his collaborators (AM, 

* For convenience, the* author here lines the names "sodium silver sal- 
larsan” and ‘‘silver salvarsan” to distinguish between the alkalUed and 
uon-alkalised reaction products of salvarsan and silver nitrate. 

7 2 
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Inst, exper. Ther. Georg Speyer-Hause, 1910, 8, 25; Ber., 192(1 
53, [i?], 410), on the contrary, considered that the silver was 
attached to nitrogen as in (II), but have recently suggested that 
there are two series of compounds, one in which silver is attached 
to nitrogen, the other in which it is attached to arsenic {Ber., 1922 
55, [fi], 3826). The possibility, on the other hand, that the dark, 
coloured sodium silver salvarsan might contain colloidal silver 
was suggested by Kolle {Dent. ?ncd. Work 1918, 1177) and iavesti- 
gated by Bauer (Jrh. Inst, ex per. Ther. Georg Speyer-Hause, 19l<y 
8, 45 ; her., 1920, 53, [#], 416), who found that the solution passed 
unchanged through parchment paper and collodion membranes 
and concluded that colloidal silver was not present, and by Raizks 
and Gavron ( J . PJmrm. Exper. Ther ., 1022, 20, 163), who obtained 
the contrary result, arsenic passing the parchment but no silver, 
and suggested that sodium silver salvarsan was a mixture of sodium 
salvarsan and colloidal silver. 

The author has for some time been investigating the nature of 
silver salvarsan and sodium silver salvarsan, in solutions in methyl 
alcohol as used by Ehrlich and Karror, and aqueous solutions 
used by Binz. 

In solutions in methyl alcohol, it was found that if an exerts 
of ether were used for precipitation, as is customary in the salvarsan 
series, a solid could be obtained from the reaction mixture of 
diaminodihydroxyarsenobenzene hydrochloride and silver nitrate 
having the same silver-content as that of Ehrlich and Karrer, who 
did not state the amount of ether taken. If, however, the alcoholic 
solution were added to a comparatively small quantity of other, 
a solid, soluble in water, was precipitated which contained arsenic, 
silver, and chlorine in the atomic ratios 2:71 : 6 4. This contains 
more silver and less arsenic than could correspond to a co-ordin- 
ation compound: it therefore consists of colloidal silver chloride, 
reversibly soluble owing to the small amount of arsenic compound 
now precipitated with it, the chief constituent of which is probably 
the hitherto undescribed diaminodihydroxyarsenobenzene dini- 
trate. This view receives support by the observation that in more 
concentrated methyl-alcoholic solutions, if the alcohol were dry. 
silver chloride was precipitated without the addition of ether. 
Under similar experimental conditions, solutions of sodium silver 
salvarsan in methyl alcohol yielded colloidal silver oxide, n*\ ersibh 
soluble in water. 

In the case of aqueous solutions, emphasis has been laid bj 
previous workers on the difficulty of investigating the inter 
action of salvarsan and silver nitrate owing to the similar solubility 
of all the substances concerned. Binz, Bauer, and Hallstein {An- 
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[nst. exper. Ther. Georg Speyer-Hause, 1919, 8, 25) could not, for 
this reason, elucidate the nature of a solution containing two mole- 
cular proportions of silver nitrate. It is now found that all the 
silver is removed from aqueous solutions of both silver salvarsan 
and sodium silver salvarsan by aqueous picric acid, owing to the 
simultaneous precipitation of the diaminodihydroxyarsenobenzene 
as an insoluble picrate. From the solid products so obtained, the 
picrate is readily removed by acetone, leaving solids rich in silver 
chloride and silver oxide, respectively, but containing only a small 
amount of arsenic. Like Paul's eolloidal silver, precipitated by 
acid from sols containing sodium protalbinate or lysalbinale ( Ber 
1902 35, 2224), these are insoluble in water but soluble in alkali. 

In the case of sodium silver salvarsan, it is probable that colloidal 
silver is present as well as silver oxide, for a comparatively large 
amount of arsenic is not precipitated by picric acid, indicating 
that oxidation of the salvarsan by the silver oxide lias occurred ; 
whereas in the case of silver salvarsan the percentage of arsenic 
precipitated is the same as in the case of salvarsan alone. The 
oxidation products of salvarsan, 3-amino*4-hydroxyphonylarseniou3 
oxide and the corresponding acid, are not precipitated bv picric 
acid under these conditions. 

The above results obtained with silver salvarsan and with sodium 
silver salvarsan, both in aqueous and alcoholic solution, seem to 
indicate conclusively that to the properties of diaminodihydroxy- 
arsenobenzene and its salts as protective colloids must be ascribed 
the phenomena observed in their reactions with silver nitrate. 
In the case of silver salvarsan, silver chloride is formed b}- double 
decomposition and remains in solution, being protected by the 
diaminodihydroxyarsenobenzene dinitrate, but not essentially in 
stoicheiometric proportions. In the case of sodium .silver salvarsan, 
the silver is present as oxide and probably to some extent as metal, 
both again being protected by the eolloidal sodium salvarsan as 
suggested by Raiziss and Gavron {lor. cit.). or by its hydrolytic 
product, *' salvarsan base.’’ The occurrence of some combination 
is not excluded by these results, but the double decomposition 
appears to form the predominating part of the reaction. 

Contrary to the representation by Ehrlich and Ivarrcr of the 
material obtained by them as a silver nitrate additive product, it 
follows that it is a mixture of two molecules of silver chloride and 
one of diamiiiodiliydroxyarsenohenzene dinitrate; such a mixture 
would have the silver content observed by them. The precipitate 
obtained from this by Karrer {Her., 1919, 52, 2323) on addition of 
sulphuric acid and considered by him to he a sulphate of the 
co-ordination compound is equally well explained as a mixture of 
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diaminodihydroxyarsenobenzcne sulphate with two molecules of 
silver chloride. 

With regard to the statement of Binz and Ludwig (Ber., 1922 
55, [£], 3826), that oxidation occurs if more than one molceu] ar 
proportion of silver nitrate be added to salvarsan, which docs not, 
however, appear to arise out of the results described by thorn, n D 
difference in the nature of the reaction in alcoholic solution was 
observed when one or two molecules were taken ; in aqueous solu- 
tion, oxidation did not occur when two molecules of silver nitrate 
w*ere used. 

Complete analyses of some specimens of commercial sodium 
silver salvarsan are given in the experimental part. It is seen that 
they differ from those made from salvarsan in containing sulphate 
instead of chloride. A specimen corresponding in composition to 
the commercial product, however, behaved in a similar manner to 
those described above when treated with picric acid and acetone, 

E XPEKIMENTA L. 

Isolation of Colloidal Silver Chloride from Methyl -alcoholic Siler 
Salvarsan Solutions * — (a) Two molecules of silver nitrate. 216 
Grams of silver nitrate were dissolved in 105 c.c. of dry methyl 
alcohol and added to a solution of 3 grams of salvarsan in 52 c.c. 
of methyl alcohol. The deep red solution obtained was added in a 
thin stream to 170 c.c. of dry ether. After shaking well, the 
granular precipitate was filtered, washed with ether, and dried in 
a vacuum desiccator (yield 2*3 grams). It formed a brown powder, 
soluble in water with Ihe exception of a very slight residue, ]<:•■$ 
soluble in methyl alcohol, soluble to a clear dark brown solution ;ii 
aqueous sodium hydroxide (Found: Ag - 5 1 -18; As 1<K4; 

X = 3 ‘<>6 ; Cl 1547 per cent. Atomic ratio Ag : A rl 

X: As = 3*3: 2: Cl : Ag — (M) : 1). 

With regard to the nature of the arsenic compound present hem 
together with silver chloride, the ratio of nitrogen to arsenic suggests 
that it partly consists of salvarsan nitrate (see p. 641). Jheie- 
inainder is probably salvarsan base, since the whole of the nrscaijc 
was present in the arseno-form, being precipitated from an aqueous 
solution of the substance by picric acid. One gram was dis>uh«l 
in water, centrifuged clear from a trace of solid, and added to 
of 1 per cent, aqueous picric acid, cooled in ice. '1 he grain.*-*, 
brown product was filtered and dried (Found : Ag = 44-4; 

801 ; Cl = 13-2 per cent. Ag : As - 7-17 : 2 ; Cl: Ag - 0-jl iK 
The filtrate contained no silver. The fact that the ratio of eh eime 

• Throughout theso expci iriK-nts the air was displumed nitK'AQ 
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to silver is unchanged is additional evidence that the silver was 
present as silver chloride. 

The alcohol-ether filtrate from the above precipitation by ether 
was poured into 690 c.c. of ether. 1*08 Grams of a lighter- coloured 
solid were obtained (Found : Ag — 3*71 ; Cl — 0*55 ; As — 27- 16 ; 
X — 9*31. Ag : As = 0*19 : 2 ; N : As = 3-7 : 2. Salvarsan dini- 
trate made from the above salvarsan, mixed with 4-9 per cent, of 
silver chloride, requires As = 27*16 per cent. ; N : As = 3-9 : 2). 

(6) One. molecule of silver nitrate. 1*08 Grams of silver nitrate 
M-ere dissolved in 52 c.c. of methyl alcohol and added to 3 grams 
of salvarsan, dissolved in 52 c.c. of methyl alcohol. The clear red 
solution was added to 79 c.c. of dry ether cooled to 0°, and the 
precipitate filtered, washed with ether, and dried (yield 1-3 grams) 
(Found : Ag = 37*87 ; As = 10*19 ; Cl = 15*15 per cent. Ag : As = 
3*25 : 2 ; Cl : Ag = 1*2 : 1). The ratio Ag : As is too high for a 
co-ordination compound, as before, and the ratio Cl : Ag shows the 
presence of silver chloride. 

The filtrate was added to 1000 c.c. of ether. 2*1 Grams of solid 
were obtained, containing only a small quantity of silver, and 
arsenic corresponding to salvarsan dinitrate as before (Found : 
Ag = 5*65 ; As — 27*33 per cent.). 

Isolation of Colloidal Silver Oxide from Methyl Alcoholic Sodium 
Silver Salvarsan Solution.- -2*15 Grams of silver nitrate were dis- 
solved in 105 c.c. of methyl alcohol and added to a mixture of 
3 grams of salvarsan in 52 c.c. of methyl alcohol and 11*7 c.c. of 
20 per cent, methyl-alcoholic sodium hydroxide. A solid separ- 
ated, which was at first overlooked owing to its fineness of division 
and the intense colour of the solution ; this was centrifuged off and 
dried in a vacuum (yield — 0-7 gram). It formed a black powder 
with metallic lustre, readily soluble in water to a clear dark brown 
solution, and effervescing slowly when treated with hydrazine 
hydrate (Found: Ag — 78*4; As — 5*1 per cent. Ag : Aa = 
21*2 : 2). 

Isolation of Colloidal Silver Chloride from Aqueous Silver Sal- 
varsan Solution. — 2*57 Grams of silver nitrate (2 mols.) were dis- 
solved in 152 c.c. of water and added to 3-65 grains of salvarsan 
m 300 c.e. of water. The clear deep red solution formed was 
added to C-2 grams of picric acid dissolved in 620 c.c. of water, 
and the precipitate washed by decantation and dried in a vacuum 
desiccator (yield 6*7 grams). It formed a brown powder (Found : 
Ag = 23*5C; As == 14*70 per cent. Ag : As = 2*2 : 2). The 
filtrate contained no silver. From the above figures, 8ST per 
cent, of the arsenic taken is present in the picric acid precipitate. 
This is in good agreement with the corresponding figure (86*5 per 
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cent.) for the precipitation of diaminodihydroxyarsenobenzene 

picrate alone (below); it follows that oxidation of the salvarsan 
by the silver nitrate had not occurred. 

Extraction of the Picric Acid Precipitate with Acetone.— Two 
grams were shaken with 7*5 c.c. of acetone containing 5 per cent 
of water. A large portion immediately dissolved, leaving a li^ht 
yellow solid, which was centrifuged off, washed in the tube with 
another 7-5 c.c. of acetone, which was now only slightly coloured 
and dried in a vacuum desiccator (yield 04 gram). It formed a 
faintly yellow powder (Found: Ag — 62*65 ; As — 347 ; Cl ^ 
20*32. Ag: As = 254: 2; Cl : Ag = 0-99 : 1 ; AgCl = 83-2 pT r 
cent.). On further washing with acetone, it tended to pass into 
colloidal solution. 

Isolation of Colloidal Silver Oxide from Aqueous Sodium Silver 
Salvarsan Solution. — 2*15 Grams of silver nitrate were dissolved 
in 12 c.c. of water and added to a solution of 3 grams of salvarsan 
in 65 c.c. of water and 34 c.c. of 45 per cent, sodium hydroxide. 
The clear dark solution was added to a solution of picric acid 
(excess), made by dissolving 9*2 grams of picric acid in 420 e.c. 
of hot water and cooling just before use. The mixture was well 
shaken and the granular precipitate washed and dried in a vacuum 
desiccator (yield 4*23 grains). It formed a dark solid, partly 
soluble in acetone (Found: Ag — 30*3; As = 13*1) per cent. 
Ag : As — 3*03 : 2. The ratio Ag : As in the quantities taken -= 1:1). 
The filtrate contained no silver. The ratio of silver to arsenic is 
here increased to a markedly greater extent than in the correspond- 
ing precipitation of silver salvarsan (p. 639). This implies that 
part of the salvarsan has hen* been oxidised at the double bond 
by the silver oxide, since the oxidation products would not he 
precipitated, and it follows that the solid colloidal product obtained 
below partly consists of colloidal silver. 

Extraction of the Picric Acid Precipitate with Acetone. -Two 
grams were shaken with 7*5 c.c. of acetone, and the undissolved 
portion centrifuged off and washed twice by shaking with a similar 
quantity of acetone and centrifuging (yield 0*4 gram). It formed 
a black powder, insoluble in water but readily soluble in dilute 
alkali to a deep brown solution (Found : Ag = 84*92 ; As 2*09; 
Cl — 1*28 per cent.). It caused slow effervescence in hydrazine 
hydrate, and therefore contained silver oxide; the presence of 
colloidal silver also is probable owing to the observed oxidation of 
the salvarsan. On further washing with acetone, it tended to pass 
into colloidal solution, but not so readily as the silver chloride 
(above). 

3 : X-LUaminoA : -dihydroryarscnotjcnzene Pipicralc. — One gram 
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of salvarsan was dissolved in 100 c.c. of water at 0° and treated 
with 100 c.c. of 1 per cent, aqueous picric acid solution at 0°. The 
suspension was shaken well and the granular precipitate washed by 
decantation and dried in a vacuum desiccator (yield, 86*5 per cent, 
of the theoretical). It forms a deep yellow powder, sparingly 
soluble in water, moderately soluble in ethyl alcohol, and readily 
soluble in methyl alcohol, or acetone containing a small quantity 
of water; m. p. 142° (corr.) with decomposition (Found: As — 
18-6; N - 12-8. Atomic ratio N : As - 7-4 : 2. C 24 H 18 0 16 N 8 As 2 
requires As = 18-2; N - 13-6 per cent. The ratio N : As in the 
salvarsan used, however, was 1-0:2, a number of specimens of 
salvarsan examined, which had been made by the usual commercial 
method, agreeing in this respect. A dipicrate made from this 
salvarsan requires N : As = 7-C : 2). 

3 : S'-DiaminoA : I'-dihydroxyarstnobenzene Dinilrate.— 1*96 Grams 
of salvarsan base, made by Christiansen’s method (./. Amer. Chem . 
Soc., 1921, 43, 2207), were dissolved in 20 c.c. of dry methyl alcohol 
containing the theoretical quantity of nitric acid. The clear 
solution was poured into 400 c.c. of dry ether, and the solid obtained 
filtered, washed with ether, and dried in a vacuum desiccator 
(yield = 2-3 grams). It formed a pale yellow, granular solid, 
readily soluble in water, methyl alcohol, or ethyl alcohol, and 
decomposing on heating without melting (Found: As = 28*3; 
X = 10-35. N : As = 3-9 : 2. 0 l2 H 12 O 2 X : .U 2 ,2HXO 3r 2H 2 O re- 
quires As = 28-4; X = 10-6 per cent.). It was precipitated by 
dilute sulphuric and picric acids and, like salvarsan, gave ail orange 
colorat ion with p-dimethylaminobenzaldehyde. 

The Com [mil ion of Commercial Sodium Silver Salvarsan. 

Specimens of the commercial product from three countries gave 
the following percentage results, corrected for loss of weight in a 
vacuum desiccator. 


Loss 


jJK'OI- 

m u 



Sisui- 


men. 

vacuum. 

Ag. 

As. Xa. S dotal 

). pliato). C. H. X. 
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1 
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*) 
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2213 ln-s:> 3 U 3 

2-12 22*4n 2-77 1 3(1 

0-22 

0 

S-72 

13-3 

nms i2 s:; r> i2 

to lMll 2-aS 4-00 
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The Analytical Method Employed. 

The method described by Binz, Bauer, and Haiisteiu ( Bcr. t 
-“0, 53, [B], 426) was tried, but discarded in favour of the follow- 
AI Jg’ "^ich was found to be more rapid and exact. 0-2 Gram of 
e substance is mixed in a flask with 2 grains of powdered potassium 
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permanganate and 10 c.c. of water. Ten c.c. of concentrated 
sulphuric acid are then gradually added and the mixture is warmed 
gently for fifteen minutes. Oxalic acid solution is next added 
until the colour is removed, and if silver is present this is now 
precipitated and removed as usual. The filtrate is evaporated to 
a volume of 60 c.c. and the arsenic estimated iodometrically. 

If the substance to be examined is a picrate, it is necessary t 0 
remove completely the oxides of nitrogen resulting from the oxid- 
ation, otherwise the arsenic result may be slightly high. This is 
satisfactorily done by transferring the mixture to a beaker after 
the addition of oxalic acid, boiling gently for fifteen minutes, 
retransferring to the flask and diluting to 150 c.c. with water. 
The contents of the flask are now evaporated down to 60 e.c. and 
proceeded with as before. The figures marked with an asterisk in 
the following table are examples of the results obtained by this 
method : 

Pure silver nitrate Ag - **3 22, fi3-Oo (thiocyanate); *i3*2<)+. 

Silver salvarsan \g ~ 13-29; As - 20*04 (('ariu$)j Ac ~ 

13-24*; As =••* 19* 33*. 

,, ,, and In i- .srini|>!i' As •- ( CaL'ius); 10*14*. 

Picric acid precipitate ( m. 039) Ag — 3u*2S; As -- 13-88 (Cariu.s); Ac _ 
30*22* ; As - 13 88*. 

('hlorine was estimated by the Carius method in all eases. 

In conclusion, the author would like to express his gratitude to 
Dr. T. A. Henry for his interest and valuable advice, and to Mr. 
\V, Ramsay for assistance in the considerable amount of analytical 
work which has been involved. 

WkLLCU.ME CHEMICAL KesKAROH LAIJiUiATOlUK-S 

London*, E.C. 1. [/fo’iDvf, l’> hnnir;/ 1 .'>(!•. 1 ' 


LXXVIT. — Tesla-luminescence. Spectra . Part L The 
Form of Apparatus and Ihe Spictrum <>f Benzene. 

By William Hamilton McVicker, Joseph Kenneth Marsh, 
and Alfred Walter Stew art. 

In 1S95. Wiedemann and Schmidt (Aim. Physik, 1 SD 66, 20) 
showed that when electrical discharges front an induction coil 
were passed through the vapours of organic compounds at lofl 
pressures, a luminescence made its appearance. Later, Kaultmaitn 
(Z. physikal. Chew., 1898, 26, 719; 27, 519; 1899, 28, 688; Bee, 
1900, 33, 1725) discovered that the vaj tours of certain organic 
compounds exhibited luminescence when influenced by the 
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discharge even when under ordinary pressure; and he endeavoured 
to trace a relationship between the colour and intensity of the 
luminescence on the one hand and the constitution of the substances 
under examination on the other. Kauffmann observed further 
that many substances which emitted a bluish-violet luminescence 
under the action of Tesla waves had also a power of fluorescing 
under the action of light. 

These more or less qualitative investigations, although interesting, 
do not go to the root of the matter. Only an accurate investigation 
which includes both the visible and the ultra-violet spectrum can 
throw any real light on the problem as a whole; and up to the 
present this has not been attempted.* 

In this and the following papers of the series the subject will be 
investigated over the whole photographic spectrum ; and the influence 

of various factors — both constitutional and physical will be 

examined. 

The A pj/aratu*. 


The instrument used in this investigation was a Hilger quuiu 
spectrograph, size C, which yields a photograph 200 mim in length 
between the wave-lengths 2100 and 8000. The probable error in 
reading the plates dealt with in the present paper is about 1 unit 
at the ultra-violet end of the luminescence spectrum and o units 
at the red end ; at least, independent readings are found to concord 
within these limits and are often closer. 

The cell in which the vapour was placed for examination (Fig. 1) 
was a glass tube about 1 1 inches in diameter, having at one end a 
quartz window of -J inch diameter. The other end of the tube was 
filled m ith a stopper through which passed a mercury electrode, 
enclosed in a glass tube. Two side-tubes blown into the main 
body of the cell served as inlet and outlet for the vapour under 
examination. The exterior of the cell was wrapped round with 
metallic foil, which constituted the exterior electrode. The quartz 
window of the cell was placed about 3 inches from the slit of the 

spectrograph. 

Hound the whole cell could be placed a steel jacket, into which 
three side-tubes were screwed. One of these served for introducing 
a leimometer; the other two were provided as inlet and outlet 
ubes for the vapour of a constant-boiling liquid. By this means, 
emperatme regulation of the cell can be obtained. In actual prac- 
tice hitherto, however, it has been suflicient to till the jacket with 
mercury and heat it directly. 

r W;Ka ° nL Ul ' IVofl ‘ s ' or Vidor Henri has informed u* that 
h “"'‘ *' "'° lk 6M - " I,|U> " SI ‘ ha has '*« ^ 
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In early experiments, the Tesla current was obtained ir m , 
laboratory-built Tesla transformer having forty coils in the primal 
(diameter o cm.) and 460 coils in the secondary (diameter 7*r> cni f 
the whole being immersed in an insulation of heavy oil. A Leyde 
jar of about 1 litre capacity was used. This apparatus was worked 
with a choke-coil off a Clapp-Eastham quarter-kilowatt hicrh 
tension transformer, as supplied by Messrs. Hilger for use with tluj r 
sector spectrophotometer. We obtained quite good results with 
this instrument ; but it seemed advisable to employ a more powerful 
machine in order to be certain of getting the fullest possible spectra 

Fio. 1. 



1. Induction coil. 7. Quariz window. 

2. Spark pop. s. T-nip-ralure j;:c!;rt. 

3. Leyden jars. <». <VI1. 

4. Primary of Teslo transformer. lo. M-tal foil civet rode, 

ivcombuv ,, ,, 11 Vapour rxit tubo. 

U. Mercury clei-truilc. Jl*. „ inlet tub-. 

More recent work has therefore hern done with a high-frcqucncT 
apparatus supplied by the Medical Supply Association, Ltd. it 
contains 33U coils in its secondary (diameter -2 cm.), and its primary 
circuit is variable up to 30 coils. It is air-insulated and the secondary 
is directly coupled to the variable primary. Since* one end of tb* 
instrument is permanently earthed, it is suilieient to connect the 
end of the high-tension secondary with the internal electrode c>t 
the cell and to earth either the steel jacket or the metal foil coating 
of the cell. In this way, a very steady Tesla discharge past- 
as in an ozoniser, across the vapour which the cell contains. The 
Tesla transformer has four T/*ydcn jars (oapacitv about 10 litres eachl 
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connected in pairs on either side of the zinc spark-gap. As a source 
of current in this case, an 18-inch spark coil, supplied by X-Rays, 
Ltd., was employed. 

It has been found that this arrangement produces the best results. 
The luminescence is, in the case of aniline, easily visible to the naked 
eye, being violet in tint. With a narrow slit in the spectrograph, 
the plate is well marked in fifteen minutes; and an exposure of 
one hour brings out the spectrum with perfect clearness. In order 
to avoid the influence of any stray light, all the exposures have 
been made in a darkened room. 


The Tesla -luminescence Spectrum of Benzene. 

Tu order to distinguish fluorescence spectra and absorption spectra 
from the spectra produced by the Tesla discharge, it seems desirable 
fo coin a distinguishing word for the last-named group; and there- 
fore the convenient name “ Tesla-luminescence spectra ” will be 
applied to them. 

At ordinary pressures, aniline glows strongly under the Tesla 
discharge ; but when the spectrum is photographed, it is found to 
be a short continuous spectrum lying approximately between the 
wave-numbers (r 1/A) 5338 and 2500, the brightest region being 
near 3076. Even with the most careful examination it shows no 
trace of either lines or bands. This spectrum appears with a 15- 
minute exposure ; and increases in the exposure up to an hour led 
only to a slight extension of the spectrum at each end, unaccom- 
panied by any change in character. 

When benzene vapour is introduced into the cell at ordinary 
pressure and at its boiling point, it appears luminescent with a 
green glow ; but on closer inspection this light emission seems to 
he produced by tiny green sparks; and some slight carbonisation 
of the benzene is noticeable. An attempt to photograph this 
luminescence ’ yielded only a fragmentary carbon spectrum 
and some lines which were probably metallic and air lines produced 
b} the sparking outside the coll at this pressure. The pressure in 
the cell was therefore reduced to 65 mm. ; and under this pressure 
and at the ordinary temperature benzene emitted an easily photo- 
graphable spectrum. 

The Tesla-luminescence spectrum of benzene under these con- 
itions is marked by a somewhat surprising regularity. It consists 
of a number of fine bands which, so far as we have observed them, 
fall into seven groups. The most refrangible band— that which 
occurs at i- = 3765— appears to belong to a band-group of which 
c remainder is concealed by the absorption of the benzene vapour 
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in the cell. Then follows a group o f four strong bands * with a 
narrow band accompanying each ; and two less strong and broader 
bands in which it seems probable that a primary and a secondary 
band may have been fused together. The bands of the series 
decrease in intensity more or less regularly from the more refrangible 
end. This system of ten bands may for convenience’ sake be 
termed Group F. 

This whole series of bands is repeated again in Groups E, D, andC. 
Of these, Groups E and D are the strongest. Following Group C 
at the least refrangible end are Groups B and A, where the bands 
are broad and more feeble. Beyond the least refrangible band of 
Group A there is an ill-defined region in which obviously some 
actinic effect has occurred on the plate ; so that possibly there is 
another very feeble band-group here. 

In Table I, in order to distinguish between the primary and 
secondary bands, the wave-numbers of the primary bands are given 
in full ; whilst for the secondary bands only the last two figures 
are printed — the first two figures being the same as those of the 
primary below. All bands shown to the left of the full line in the 
table are of good definition, whilst bands to the right of the dotted 
line are exceedingly indistinct. 


Table I. 

1 


A 



Primary bauds. 

Group 

F. 

Group 

E. 

Group 

1). 

Group 

e. 

Group 

B. 

Group 

A. 

Bright 


j 1. i 

377)2 

3052 

3554 

3454 

3357 

3257 


2. Z 

41 

37:4*i 

42 

3030 

42 

3537 

45 

3438 

3339 

3242 


1 

a 

25 

25 

2S 

28 

— - 

— 


4 

3. i 

3717 

3016 

3521 

3422 

3322 

3229., 


so 


0$ 

11 

12 

11 

— 




4. 1 

3703 

3002 

3504 

3405 

3308, •• 

"'3211 


g 

i, 

93 

92 

98 

— 


— 



5. Z 

3680 

3560 

348S 

3390 

3204 

3194 

Fainter 



76 

— 

— 

— 

. — 

— 



1 0. 3763 

30 Ofj 

3570 

3471 

3376 

3279 

— 


Inspection of these figures will bring out immediately one set of 
regularities in this spectral system which is exhibited by both the 
primary and the secondary bands alike. Taking any band in Group 
F, for example, there is a band corresponding to it in Group L and 
having a wave-number 99 units less on the average. For example, 


* Towards the more refrangible end them appears to bo a very faint Iniu 
situated 2 Angstrom units from the brightest lino of the series : and djb 
seems to be repeated in the other group. These lines, however, are «> 
faint that they have been omitted from the tables given later, as m these 
tables only absolutely certain data have been included. 
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the primary band 4 occurs in Group F at 3703 and in Group E at 
3602, the difference being 101 ; the secondary band 4 in Group F 
occurs at 3693, and at 3592 in Group E, so that here again the differ- 
ence is 101. The same relations hold good all down the series of 
the band-groups ; so that, within experimental error, the following 
relationship holds between the wave-numbers of corresponding 
hands in the various Groups : 

(F — E) = (E — D) = (D — C) = (C — B) = (B — A) = 99 approx. 
In addition to this simple regularity in the distribution of the 
corresponding members of the various band-groups throughout 
the Tesla-luminescence spectrum, there is another relationship 
which appears to be even more fundamental, since it connects 
together the whole of the bands of the spectrum. 

The wave-numbers of all the bands appear to be expressible 
by the general formula 

v = 98-712 n- 98*712 m/6 (1) 

where n is successively made equal to 33, 34, 35 . . . and m in 
succession is put equal to 0, 1, 2, 3, 4. . . . 

In the case of the primary bands, this formula is reducible to 

v -= 16 452 1 (2) 

where l is an integer belonging to the series 194, 195, 196 . . . 228. 


Table II. 


Group 

F. 

Group E. 

Group D. 

Calc. 

Obs. 

Calc. 

Obs. 

Calc, 

Obs. 

375M 

3732 

3052-4 

3652 

3553-7 

3554 

34-6 

36 

35-9 

36 

37-2 

37 

18-2 

17 

19-5 

18 

20-7 

21 

01-7 

03 

03-U 

02 

04-3 

04 

3685-3 

3686 

3586-6 

3586 

3487-8 

34SS 

(58*8 

66 

70-1 

70 

71-4 

71 

Group 

C. 

Group B, 

Group A. 

3454-9 

3434 

3356-2 

3357 

3257-5 

3257 

38*5 

38 

30-7 

39 

41*0 

42 

22-0 

05-6 

22 

2 20 

22 

24 G 

29 

05 

06-8 

08 

08-1 

11 

3380-1 

3300 

3200-4 

3294 

3191-7 

3194 

72-7 

76 

73-0 

79 



lable II shows the closeness in the agreement between calculated 
and observed values when formula (2) is employed. The figures 
which differ by more than 1*5 units from the calculated values 
are italicised. They are, without exception, those of very indistinct 
hands, in the cases of which the reading of the plates presented 
great difficulty. This difference of 1 *5 units corresponds to about 
1 Angstrom unit in Group F and 1*5 Angstrom units in Group A. 
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Oil the photographic plate it is represented by about 0*1 mm. Read, 
ings accurate within this limit cannot be expected, even in the 
most favourable circumstances. 

The values of the secondary bands can be obtained by the use 
of the modified formula : 

v'- 16-452/- 11. 

Tesla -luminescence and Fluorescence Spectra. 

Since benzene was already known to emit a fluorescence spectrum, 
it seemed of interest to compare the results obtained in this field 
with those which have now been produced by means of the Tesla 
current. The two cases arc not exactly comparable at present, 
since the fluorescence spectrum has been obtained from alcoholic 
solutions and not from benzene vapour like our Tesla •luminescence 
spectrum. We hope to examine the fluorescence of benzene vapour 
in the near future ; but in the meantime it will be sufficient to direct 
attention to a striking point which comes to light when the fluores- 
cence of benzene in alcoholic solution is compared with the Tesla- 
luminescence results. 

Stark {Pbjsikal Z ., 1907, 8, 81, 2.50 ; Her., 1907, 40, 878) examined 
the fluorescence spectrum of benzene in 0 - 5 and 0’05 per cent, 
solutions. With the 0-05 per cent, solution he observed four bands 
with heads at 3676, 3571. 3531, and 3425. A more recent examin- 
ation of the fluorescence spectrum of benzene by Dickson ( Z , wm. 
Photograpkie , 1912, 10, 166) led to the detection of bands at the 
wave-numbers 3848, 3795, 3733, 3631, 3537. 3136. 

It is a well-established fact that the solvent exercises a definite 
influence on the optical properties of a solute. For example, 
Kauffmann and Beisswenger {Her., 1903, 36, 2494) observed that 
the colour of the fluorescence of dimethylnaphtheurhodin changed 
according to the solvent employed, being green in iigrnin, yellov; 
in pyridine, orange -yellow in acetone, orange in ethyl a Mini, 
and reddish -orange in methyl alcohol. Again, in passing from vapour 
to solution in the case of benzene, it was found by Hartley [Phi. 
Trans., 1908, [A], 208, 519) and Grebe (Z. Photographic , 191U, 
9, 130) that absorption bands are shifted towards the less refrangible 
rays by 10 — 20 Angstrom units. It seems reasonable to make a 
similar correction in the case of the fluorescence spectrum of benzene 
and to add 19 units to the wave-numbers given b} ? Dickson for his 
bands. When the resulting figures are compared with those repre- 
senting the brightest bands of the Tesla- luminescence spectrum 
in the same region, the following appears : 


Wave -numbers of Tesla bands 3752 3652 3e-0 S4.)4 

Wave-numbers of fluorescence bands -f lft 3752 3650 3;>56 3 a-- 1 
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The agreement here is striking; and it is scarcely possible to 
avoid the inference that the two series of bands are directly related 
to each other in the closest fashion. It is evident that if the fluores- 
cence spectrum be shifted bodily towards the more refrangible 
region it will fit, within experimental error, upon the principal 
portions of- the Tesla-luminescence spectrum. 

In this connexion it may be pointed out that the excitation by 
means of Tesla waves appears to bring out parts of the spectrum 
which are not easily stimulated by ordinary light ; so that the Tesla 
method holds out great promise in this field. Further, since the 
fluorescence spectrum is included in the more complete Tesla- 
huoincscence spectrum, it seems clear that both fluorescence and 
Tesla-luminescence must have some common factor in their origin; 
and the intricacies of the Tesla-spectra, with their exact and simple 
mathematical relationships, seem to offer a field of investigation 
much more promising than that which has hitherto been opened 
in the case of fluorescence excited by light -waves. 


The Tesla-luminescence and Absorption Spectra of Benzene Vapour 
Striking as the foregoing comparison appears, a much more 
interesting problem arises when the Tesla-luminescence spectrum 
of benzene is placed side by side with the absorption spectrum of 
the same substance, both spectra being obtained with the substance 
in the gaseous stat(;. 


Hartley (Phil. Tram., 1908, ,1.208. 384) pirn a map of the absorp- 
tion bands detected by him in the vapour of benzene at a temper, 
aturc of 100° and under a pressure varying from 206 mm. to 37 mm. 
In this map, he distinguishes the absorption bands as members 
of four different series, of which the first and second series are strong 
bands, whilst the third and fourth series contain weak bands. 

When Hartleys first series of wave-numbers for the absorption 
bands is placed alongside the series of wave-numbers of the Tesla- 
luminescence emission bands in the same region, it is evident that 
tne two scries run side liy side (see Table HI). Further, if a constant 
difference of only two units be ascribed to a difference between his 
ail d ours, owing either to scale error or personal equation, 
ien it is self-evident that the two series are identical within 
experimental error. 


In drawing up the list of Hartleys absorption bands, we have 
coi ined ourselves to those bands which are actually marked on 

ml Tf Clti ?* 484 )' T,lis slunvs 110 bamls at the positions 

f /' Cf asterisks in Table III; but an examination of the 

are 1 l ° f ba ” ds glVen by text proves that there 

c ua y regions of absorption corresponding to the Tesla* 
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luminescence spectrum even at these four points; so that the 
eongruity between the two sets of measurements is even greater 
than appears from Table III. The bands have been taken in exactly 
the order in which they come in our Table I and in Hartley’s spec, 
t rum -map, no band being omitted in either case. 


Table III. 



Hartley’s 

Tesla - 
lumin- 


Hartley’s 

Tesla- 

lumin- 

Hartley’s 

values 

escence 

Hartley’s 

values 

escence 

absorption 

pi 119 

emission 

absorption 

plus 

emission 

bands. 

2 units. 

bands. 

bands. 

2 units. 

bands. 

3761 

3763 

3765 

3683 

3685 

3680 

3754 

3756 

$ 

**** 

**** 

3676 

3740—52 

3751 — 54 

3752 

**** 

**** 

3066 

373S 

3740 

3741 

3656 

3658 

1 

3734 

3736 

3736 

3650 

3652 

3652 

3722 

3724 

3725 

**** 

**** 

3642 

3716 

3718 

3717 

**** 

**** 

3636 

3708 

3710 

3 70S 

3621 

3623 

3625 

3700 

3691 

3702 

3693 

3703 

3693 

3617—18 

3619—20 

3618 


The interpretation of these results admits of no douht. Th 
Tesla -luminescence spectrum of benzene vapour evidently represents 
the absorption spectrum reversed , just as the Fraunhofer dark line jor 
sodium represents a reversal of the luminous D-hne. Thus for th 
first time it has been possible to exhibit the Fraunhofer effect in the me 
of a complex organic compound of known constitution. 

In view of the simplicity of the benzene Tesla -luminescence 
spectrum, this achievement seems to mark the opening of a very 
promising chapter in spectroscopic work ; and it suggests that after 
we have accumulated more experimental data, a mathematical 
treatment of absorption spectra may be taken up from an entirely 
fresh point of view. 

In this connexion, mention may he made of the following interest- 
ing relationship .which has been detected by one of us (J.K.M.). 
The strongest band in the Tesla -luminescence spectrum of benzene 
is found at \ = 2814. Its wave-number — 3554, that is C 3 X 
16*452 (it has already been shown that the positions of the heads 
of the successive band-groups differ by 6 multiplied by the basic 
constant 16*452). Xmv calculation shows that a band with the 
wave-number G 2 X 16*452 would have a wave-length l6ty. 
This is exactly the position of a strong infra-red band in the benzene 
spectrum, of which the second octave, at 6*75/*, is also ' cry stK®o 
(Coblentz, Astrophys. J., 1904, 20, 207 ; Tub. Carnegie 1 • 
Washington, 1905, No. 35). Again, the value 6 X 16*452 wou 
correspond to an infra-red band at 10 * 11 /* ; and in actual prac rce, 
strong bands have been detected at 9*78/* and 10*30/*. At a is 
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0 f 1*68 units from 10‘11/i is found the band 1 1'80/x. The fundamental 
wave-length of the whole group would lie at 60‘78/^. 

General, 

In the foregoing sections, only experimental results have been 
given. It seems advisable for the present not to theorise too much ; 
bat there are certain points which suggest themselves for discussion. 

In the first place, it is evident that the Tesla-luminescence 
spectrum, the fluorescence apectrum, and the absorption spectrum of 
benzene are intimately related to one another in some way. Diagram - 
inatically the relationship can be symbolised as shown below : 

Red end. Ultra-violet end. 

A 11 

Absorption spectrum 

Tesla spectrum *• •••**•*• *• ••.*•••• * 

Fluorescenco spectrum * * * * 

It will be noticed that the absorption and Tesla-luminescence 
spectra only overlap between A and B. This is due to the fact 
that Hartley did not examine the absorption spectrum in the region 
nearer the red end than A, and we are thus without data here. 
The disjointed fluorescence spectrum is indicated by asterisks; 
and asterisks in the Tesla-luminescence spectrum line show the 
corresponding bands in this spectrum. 

The connexion symbolised above points to the existence of some 
factor common to all three phenomena. The substance benzene is, 
of course, common to all the experiments ; but its part appears 
to be akin to that of a bell which gives out the same note when struck 
by any one of three hammers. 

The points of most interest are two in number : {«) the relation- 
ship between the chemical structure of benzene and the vibrations 
which it emits or absorbs ; and (6) the manner in which the benzene 
molecule is excited by light and by Tesla waves. To (a) we pro- 
pose to return later in this series of papers when we have accumulated 
further evidence from other substances which we intend to examine. 
With regard to (6), two subdivisions of the problem are apparent : 
(1) Why do light vibrations and Tesla waves produce analogous 
effects on benzene ? and (2) Is the light -emission which takes 
place under these actions due to the vibration of intact molecules 
or is it the result, of molecular decomposition ? 

The analogy between the influence of Tesla waves and light - 
vibrations in this particular case is not difficult to see, since the 
Hertz waves are part of the same spectrum which contains light 
and J-rays. The only difficulty arises in connexion with the com- 
paratively long wave-length of the Tesla vibrations. Lying, as 
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the} 7 do, far beyond the infra-red region of the spectrum, it might 
be supposed that their influence would be entirely molecular and 
that they would not interfere in the intricacies of intramolecular 
movement. This view, however, is obviously wrong, as can be 
shown by experimental evidence. Drude [Z. physikal. Chern IS97 
23, 267) proved that Hertz waves vith a wave-length of 73 cm* 
were selectively absorbed by organic compounds containing hydroxy] 
groups; whence it is clear that the influence of Tesla vibrations 
extends to the most intimate structural peculiarities of molecules 
and is certainly not limited to the molecule as a whole. 

Turning now to the second problem, the inquiry whether these 
three phenomena (absorption, fluorescence, Tesla-luminescence) 
are ascribable to the intact molecule or to a process of decomposition 
the following facts appear to be available. In favour of the decom- 
position hypothesis there is certainly the evidence that at high 
pressures the passage of the Tesla discharge through an organic 
vapour produces a considerable amount of decomposition and also 
a rise in temperature. In the early experiments with aniline and 
acetone at ordinary pressure, quite a marked amount of carbon 
was deposited in the course of long exposures. On the other hand, 
at lower pressures the decom posit ion was much decreased, whilst 
the intensity of the luminescence was simultaneously increased— 
which seems to indicate that the two phenomena are not directly 
related. Further, the regularity of the spectrum exhibited by ben- 
zene at low pressures seems to militate against any decomposition 
hypothesis. This regularity implies a uniformity in the system 
which produces the spectrum. Now if the spectrum bo that of 
benzene molecules in vibration, then its symmetry is easily admis- 
sible. But if it be assumed that it is a spectrum produced by the 
break-up of the benzene under the stress of the discharge, then it 
would be necessary to postulate an absolute regularity of decomposi- 
tion which would be very hard to concede. I he disintegration of 
a benzene molecule can be imagined to take place* in various ways: 
by the formation of acetylene, by simple decomposition into carbon 
and hydrogen, etc. ; and if the regularity of the Tesla-luminescence 
spectrum is to be accounted for, it would be necessary to assunu* 
that the benzene molecule was breaking down only in one particular 
manner, to the exclusion of all other modes of decomposition. 
This is scarcely a probable assumption. We hope, in the near 
future, to test the matter still further by an examination of the 
Tesla-luminescence spectrum of acetylene. 

Again, unless it bo assumed that the same decom portion is 
taking place in alcoholic solution, it is difficult to account for the 
fact that the Tesla-luminescence spectra and fluorescence specie 
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show a marked relationship. The same is true of the absorption 

spectrum. 

The weight of evidence, at present, seems mainly against the idea 
that the Tesla-luminescence spectrum arises in a decomposition 
of the molecule ; but until further data have been accumulated the 
matter must be left in doubt. 

In connexion with the theoretical side of these Tesla -luminescence 
spectra, it may he worth while to direct attention to a point which 
may turn out to be eventually of some importance. The Tesla- 
luminescence spectra provide us at last with the emission spectra 
of complicated compounds of known constitution; and the spectral 
series are evidently easily capable of mathematical treatment. 
It seems not beyond possibility that with the experience gained 
from a study of the Tesla spectra, the problem of the spectral series 
of the elements may be attacked from an entirely fresh point of view* ; 
and in this way a fresh line of investigation in atomic structure 
may be opened up. 

On the purely experimental side, it appears that the electro- 
luminescence method provides an easy and convenient way of attack- 
ing the problem of fluorescence, owing to the fact that it reduces 
the necessary exposure to about a tenth of the period required 
when light is used as the exciting agent. 

Summary. 

1- The luminescence emitted by the vapours of various compounds 
when subjected to a Tesla discharge has been examined by means 
of a quartz spectrograph. At ordinary pressure and the boiling 
point, aniline emits a short, continuous spectrum, whilst benzene 
shows only a fragmentary carbon spectrum. 

2, On reducing the pressure in the cell, benzene emits a spectrum 
containing a regular series of band-groups, each group having the 
same internal structure as the others. 

o. When the bands of the fluorescence spectrum of benzene in 
alcoholic solution are compared with the Tesla- luminescence 
spectrum, it is found that by shifting the fluorescence spectrum 
bodily towards the ultra-violet through 19 units, it becomes identical 
Tiritli the brighter part of the Tesla-luminescence spectrum ; and 
this shift of 19 units is in agreement with the values found by Hart- 
ley and by Grebe for the change produced in absorption spectra in 
passing from solution to vapour. This seems to establish a close 
relationship between Tesla -luminese enco and fluorescence spectra. 

• W hen the bands of the Tesla-luminescence spectrum of benzene 
arc compared with the absorption bands observed by Hartley in 

c spectrum of benzene vapour, it is found that the whole of Hart- 
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ley’s strong absorption bands coincide in position with the Tesla, 
luminescence bands within experimental error. Thus the Te$l a . 
luminescence presents an emission spectrum corresponding exactly 
to the absorption spectrum, and the Fraunhofer effect finds its 
parallel in this case of a complex chemical compound of known 
constitution. 

5. The whole series of wave-numbers for the six primary series 
of the Tesla-luminescence bands can be expressed by means of a 
simple empirical formula, so that there can be no doubt that the 
bands actually constitute a single regular system. 

6. When the formula is applied to the infra-red region, it gives 
results which are in agreement with experimental investigations 
previously made in this part of the benzene spectrum. 

In conclusion, we wish to thank Professor Collie, F.R.S., Professor 
Smiles, O.B.E., F.R.S., and Dr. R. Wright for the interest they 
have taken in the work. The eost of part of the apparatus used 
was defrayed from the Heron Fund; and we wish to express our 
thanks to F. A. Heron, Esq,, D.L., without whose assistance the 
apparatus could not have been purchased. 
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Thk Quern's University or Belfast. 
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LXXVJ LI. Urrhuhik# of (Juttlcnutry Ammonium SaiU. 

By Frederick Daniel Chattaway and IIeorgk Hovi.k. 


The tetra-alkylammonium perhalides have been less fully investi- 
gated than the corresponding derivatives of ammonium and of the 
alkali metals. They arc prepared very easily by adding the 
appropriate halogen, dissolved in alcohol or acetic acid, to a similar 
solution of the quaternary ammonium halide. 

The present paper contains an account » *f a number <*f such 
compounds yielded by the tetramethyl-, tetraethyl-, and Utra- 
?f-propylammoniura halides. 

The composition of these compounds is represented by thn 
general form u he : 


XAIk 4 Hal 3> XAlk 4 Hal 3 , XAlk 4 HaI 7> XAlk 4 HaI 3 , 
and one example of a still higher form, XAlk 4 Hal, 3 , appears to he 
produced when tetramethylammonium bromide is exposed to the 
action of bromine vapour in excess. 

Concerning the mode of attachment of the halogens, wc have 
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little or no knowledge. Almost all that can be said is that when 
they are heated halogen is liberated and a salt of the ammonium 
radicle is left, generally containing the halogen of least atomic 
weight. One halogen atom only appears to be united to the 
nitrogen, the others being attached to this or similarly to each 
other. Thus tetracthylammonium trichloride and tetraethyl- 
ammonium tetrachloroiodide may be represented 

(C 2 H 5 ) 4 N-Cl<g and (C.H 5 ) 4 *C1<£<£, • 

Most of the tetra-alkyl perhalides can be recrystallised from 
alcohol, although in some cases a solution of the halogen has to be 
used us solvent. 

Examples of each possible type of trihalide have been made 
including an example of a class hitherto unknown, the trichloride 
XAr 4 01 3 . Many of the trihalides can be kept in a desiccator over 
lime for a considerable time with little appreciable decomposition, 
but some of the higher perhalide.s constantly, even if slowly, lose 
weight, whilst the odour of halogen is distinctly noticeable if they 
arc kept in closed vessels. 

EXPfiRi M E N T A L . 

1 'elrametkylammonium Dichlorobromide, X(CII 3 ) 4 Cl.,Br. Two 

grams of tetramethylammonium bromide were dissolved in the 
least possible quantity of acetic acid and the solution was cooled 
in a freezing mixture and saturated with chlorine. Bromine was at 
once set free, but as more chlorine was passed in, the colour of the 
.solution changed from red to yellowish -green and tetr a methyl- 
ammonium dichlorobromide was deposited. It was recry slallised 
from warm acetic acid containing some dissolved chlorine, in which 
it is very soluble and from which it separates in pale yellow needles 
melting at 159° [Found: Cl = 3102. X(CH 3 ) 4 CI 2 Br requires 
Cl — 31*52 per cent.]. 

Tetramethylammonium Chlorobromoiodide, X(CM 3 ) 4 ClBrI.— Two 
grams of finely powdered iodine, suspended in a little glacial acetic 
acid, were converted into iodine inonochloride by passing in a 
stream of chlorine, ami to the solution thus obtained 2*5 grams of 
tetramethylammonium bromide, suspended in 10 c.c. of acetic 
a cid, More added. The whole was warmed, filtered, and cooled, 

" en ^ ram tthjfo tn monium chlorobromoiodide separated. It was 
icerj stallised once from boiling alcohol, in which it is somewhat 
sparingly soluble, and from which it separates in small, twinned 
Plates of a golden-yellow colour, m. p. 205' [Found: 1 _ 39*97. 
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Tetra mdhylam moniurn Tribromide, N(CH 3 ) 4 Br 3 . — Four grains 
of tetramethylammonium bromide were dissolved in the smallest 
possible quantity of a warm mixture of equal volumes of acetic 
acid and alcohol, and 4 grams of bromine were added. On coolinr 
tetramethylammonium tribromide separated. It was recrystallis^ 
from warm alcohol containing a little dissolved bromine, in which it 
is easily soluble and from which it crystallises in long, slender needles 
of a bright orange colour melting at 118*5° [Found : Br = o<)*76 
N(CH 3 ) 4 Br 3 requires additional bromine — 50’92 per cent.]. 

In reerystallising the t ri bromide, it is necessary to use a 
solution of bromine in alcohol as solvent-, as with alcohol alone 
there is considerable loss of halogen and the product which separates 
contains some reformed tetramethylammonium bromide. 

Tetramethylammonium tribromide is able to unite with more 
bromine, but it has not been found possible to isolate a series of 
definite compounds. 

A quantity of tetramothylammomum bromide was placed in a 
desiccator along with a small bottle containing liquid bromine. 
The solid rapidly absorbed a largo amount of bromine and was 
converted first into the orange tribromide, which by further 
absorption of bromine was changed into a dark red oily liquid, 
then into a semi-solid mass, and finally into a hard, dark red solid, 
after which no further combination with bromine occurred. 

0*6156 Gram of tetramethylammonium bromide absorbed 
3*6520 grams of bromine, which nearly corresponds to the 
formation of a compound, X(CH 3 ) 4 Bi* 13 . which requires the addition 
of 3*833 grams of bromine. On exposing this product to the air. 
bromine vapour was given off abundantly and the same sequence 
of changes occurred in the reverse order until finally the more 
stable orange tri bromide was left. When the latter was exposed 
in a vacuum over lime, it was found to lose weight only very slowly; 
for example, 0*1 164 gram, after being kept in a vacuum over lime for 
fifty hours, had lost 0*0040 gram of bromine, 

Tetramethylammonium Di-iudobromide, X(CH 3 ) 4 BrI.>. 2 8 Grams 
of tetramethylammonium bromide' were mixed with 4 0 grams of 
finely powdered iodine and dissolved in 40 e.c. of boiling alcohol. 
On cooling, Utraniftkylammoniiun didodobromidc crystallised out, 
It was recrystallised twice from hot alcohol, in which it is easily 
soluble and from which it separates in short prisms of a dark 
crimson colour melting at 136“ [Found : I — 62*32. X(('H 3 ) 4 Bl 2 
requires I = 62*23 per cent.]. The di-iodobromide was completely 
decomposed on being brought into contact with water with the 
formation of tetramethylammonium bromide and the tetraiodo* 
bromide described later. 
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fetfOMethjhmmonium Tri-iodide , N(CR 3 ) 4 I 3 . — The melting point 
,f tetramethylammonium tri-iodide, which is formed when tetra- 
Qe thylammonium iodide combines with two atoms of iodine, has 
teen given as (Weltzien, Annahn, 1856, 99, 1) and 116° 
Ceuther, ibid., 1887, 240, 66). 

A specimen obtained by the action of 4 grams of iodine on 3*1 
trams of tetramethylammonium iodide and recrystallised twice 
'rod boiling alcohol, melted at 118°. It separated in short needles 
lark red by transmitted light and almost black with a brilliant 
metallic lustre by reflected light [Found : additional iodine = 
).r98. N(0H 3 ) 4 I 3 requires additional iodine = 55*80 per cent.]. 

'fetrametkylanimonium Pentaiodide , \{CH 3 ) 4 I S . — The melting 
point of this compound has berm given as 120* (Weltzien, loc. cit .), 
126° and 127° (Silberrad and Smart, T., 1906, 89, 174), 130 9 (Ceuther, 
loc. cit.), and 131° (Stromholm, J. pr. Cftem., 1903, [ii], 67, 345). 
A quantity was prepared by dissolving tetramethylammonium 
tri-iodide and the requisite amount of iodine in warm alcohol. 
It crystallised in very beautiful, thin, opaque plates with a brilliant 
green, metallic lustre and melted at 132° f Found : additional iodine = 
"140. X(CH 3 ) 4 I 5 requires additional iodine -- 71*63 per cent.]. 

An attempt was made to prepare tetramethylammonium hepta- 
iodide, at present unknown, bv dissolving the additional amount 
of iodine and tetramethylammonium pentaiodide in alcohol. Dark 
green crystals of tetramethylammonium enncaiodido, X(CII 3 ) 4 I 9 , 
only were obtained. When the enneaiodide, mixed with the 
amount of tetramethylammonium iodide theoretically required 
to form the hepta-eompound, was dissolved in warm alcohol, a 
product separated containing 78*21 per cent, of additional iodine 
[X(CH a ) 4 I 7 requires additional iodine - • 79*11 per cent.]. This, 
however, on recrystallisation from alcohol gave the pentaiodide 
and was probably a mixture of the penta- and the ennea -iodides, 
as it molted at a low temperature. 

Tetramethylammonium heptaiodide seems therefore not to be 
formed under the conditions studied. The enneaiodide obtained 
as above described was reerystalliscd from warm alcohol which 
had been saturated with iodine at the ordinary temperature. It 
separated in opaque plates with a dark green, metallic lustre, 
less marked, however, than that of the pentaiodide, and melted 
at 109*.r ((leather, loc. cit., gives 111) ; Stromholm, loc. cit. 10$') 
[icmnd ; additional iodine - ST 5. X(0H 3 ) 4 I 9 requires additional 

iodine — 83*47 per cent.]. 

fdrmndhihnmonium l)ihmwoiodid( , N(OH 3 ),Br.J, — Tetra- 
nietliylammonium dibromoiodi<h , which is one of the most stable 
°f the perlialides, was obtained by the direet action of bromine on 
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tetramethyl ammonium iodide by Dobbin and Masson (T., 1 ^ 
49, 846), who gave no analysis and stated the melting point to be 
190°. It is more easily obtained by adding the equivalent amount 
of bromine, dissolved in about twice its bulk of glacial acotie add, 
to tetramethylammonium iodide, suspended in about ten times its 
weight of alcohol, and warming till the solid dissolves. On cooling, 
tetramethylammonium dibroraoiodide is deposited. It is obtained 
pure after one recrystallisation from hot alcohol, in which it h 
readily soluble and from which it separates in small, needle-shaped 
crystals of a reddish -orange colour melting at 192° [Found; 
Br — 44 ’32. N(CH 3 ) 4 Br 2 T requires Br = 44-29 per cent.]. 

Tetramcfhylam mon i nm Tetraiodochloride , N(CH 3 ) 4 CII 4 .— Two 
grams of tetramethylammonium chloride were mixed with 92 
grams of iodine and dissolved in CO c.c. of hot alcohol. On cooling, 
tet ra meth yla m mon ium tetraiodochloride crystallised 1 out. It was 
recrvstallised from alcohol, in which it is sparingly soluble and 
from which it separates as opaque plates with a brilliant bluish- 
green, metallic lustre melting sharply at 110° [Found : I = 8257. 
X(CIi 3 ) 4 ClI 4 requires I -= 82-24 per cent.]. ^ 

Tetramethylammonium T etraiodobromide, X(CII 3 ) 4 BrT 4< — 3‘1 Gram? 
of tetramethylammonium bromide wore mixed with 10*5 grams of 
iodine and dissolved in 100 e.c. of boiling alcohol. The hot solution 
was filtered and cooled, when Utramethylammonium tetraiodobmuk 
crystallised out. It was recrystallised from boiling alcohol, in 
which it is sparingly soluble and from which it separates in almost 
opaque, rhombic plates with a brilliant dark green, metallic lustre 
molting at 124\5 6 [Found : I -- 75 07. X(CH s ) 4 Brf 4 requires 
I 70*72 per cent.]. 

Tctra meth yla mmon i ?/ m II e.va i od obrom i d? , X (C H 3 ) 4 BrI,. . I our 
prams of tetramethylammonium tetraiodobromide and T5 grams 
of iodine were dissolved in boiling alcohol which had been satuiated 
with iodine at the ordinary temperature. On cooling, Mramilty- 
ammonium hemiodobromide separated out in opaque plates with 
a dark green, metallic lustre similar in appearance to the tetraiodo- 
bromide, but possessing less lustre. It melted at 109 [bound. 
I = $327. X(CH 3 ) 4 BrI„ requires I - *831 7 per cent.]. 

Tdraeth yla m mon i u m Trichloride, X(C\H r J 4 CI 3 . I he action o 
chlorine on the tetra-alkylarnmonium chlorides is of espccia 
interest as up to the present no porvhioridos have been obhunw. 
Xeitlier ammonium chloride nor the chlorides of the alka i as 
yield them under the conditions studied. A compound o 113 
nature is, however, formed when a stream of chlorine is t 
tetraethylammonium chloride. ^ 

The colourless sn't absorbs chlorine, rapidly at first and a 
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wards more slowly, becoming pale yellow, until a compound of 
the composition N(C 2 H 5 ) 4 C1 3 is obtained. No further absorption 
of chlorine beyond this stage takes place at the ordinary temperature. 
The result of one typical experiment may be given : 1-5421 grams 
of tetraethylammonium chloride combined with 0'6596 gram of 
chlorine (Found : added chlorine = 29 95 per cent.). A small 
quantity was rapidly pressed between filter-paper and added to 
a solution of potassium iodide slightly acidified by acetic acid. The 
iodine which was liberated was then estimated by ^ /10-solution of 
sodium thiosulphate [Found : added chlorine = 29 ‘88. N(C 2 H 5 ).jC1 s 
required added chlorine = 29 ‘98 per cent.]. 

Tetraethylammonium trichloride , thus obtained, is a crystalline 
powder of a bright yellow colour. It is very hygroscopic, smells 
strongly of chlorine, and melts at 4 2 — 45* to a pale yellow liquid , It 
loses chlorine when exposed over lime and cannot be recrystallised 
without decomposition, but is perfectly stable when kept in a 
sealed vessel. 

Chlorine also combines with tetramethylammonium chloride, 
without doubt forming a similar trichloride, but the absorption 
is much slower and the amount added to the dry salt at the ordinary 
temperature in the experiments which have been carried out never 
quite reached that required by the formula N(CH S ) 4 C1 8 . The 
final product resembled tetraethylammonium trichloride, but 
was lighter in colour. In one experiment, for example, 0*48 gram 
of tetramethylammonium chloride absorbed 0*271 gram of chlorine, 
corresponding to 36*08 per cent, of added chlorine [X(CH 3 ) 4 Cl 3 
requires 39 -9 per cent, of added chlorine]. 

Tetraethylammonium Dichlorobromide . N(C.>H 5 ) l Cl 2 'Br.— .Six grams 
of tetraethylammonium chloride were dissolved in the least possible 
quantity of warm acetic acid, 3 grains of bromine were added, and 
the liquid, after being strongly cooled, was saturated with chlorine. 
The red liquid quickly became pale green and f( tracthyla m mon i u m 
dichlorobromide separated as a pale yellow solid. It was purified 
by dissolving in a little warm acetic acid, whereby some of the 
chlorine was lost and the red colour partly restored. On saturating 
the liquid with chlorine and cooling, the dichlorobromide separated 
in small, bright yellow needles melting at 69° [Found : Cl = 25 55. 
^ T (C 2 H 5 ) 4 Cl 2 Br requires Cl — 25*24 per cent.]. 

Tetraethylammonium di-iodochhride, X(C 2 H S ) 1 C1I. 1 .— 3*5 Grams 
of tetraethylammonium chloride and 5‘4 grains of iodine w*ere 
c ssolvcd in 45 e.e. of hot alcohol. On cooling, a mixture of tetra- 
et lvlammonium di-iodoehloride and tetraiodochloride separated. 

is was filtered off and the mot her- liquor concentrated to a bulk of 

c.c,, filtered, and cooled, when tetraethylammonium di-iodochloride 
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separated alone in small plates of a crimson colour; m. p ( 
[Found : I = 60*41. N(C 2 H 5 ) 4 C1I 2 requires I — 60*51 per cent.] 
It could not be rccrystalliscd, as on dissolving in hot alcohol and 
cooling, a mixture of the di-iodochloride and tetraiodochloride 
was again obtained. 

Tetraethylammonium Tetraiodochloride, N(C 3 H 5 ) 4 C1I 4 . — 3*2 Gram* 
of tetraethylammonium chloride were mixed with 9*6 grams of 
iodine and dissolved in 40 c.c. of hot alcohol. On cooling, (c( rUt 
ethylammonium tetraiodochloride separated out. It was re crystal, 
lised twice from boiling alcohol, in which it is moderately soluble 
and from which it separates in shining plates brownish-red by 
transmitted light, with a dark blue metallic lustre by reflected 
light. It melts at 107*5° [Found : I — 75*21. N(C 2 H 5 ) 4 C1I 
requires I = 75*40 per cent.]. 

Tetracth ylammon ium Ilexabromochloride, N(C 2 H 5 ) 4 QlBr 6 . — Xctra- 
ethylammonium chloride, when exposed in a desiccator alongside 
a small beaker containing an excess of bromine, rapidly absorbs 
the bromine, becoming first orange in colour, then red, and finally 
after a few days dark red, when no further increase in weight takes 
place. The product, which is a dark red, crystalline powder with 
a bluish tint, melts sharply at 53° and has a composition correspond- 
ing to the Ilexabromochloride of tetraethylammonium. The follow- 
ing is a typical analysis, all the other specimens obtained showing 
a composition approximating to this [Found : Br — 73*68. 
N(C 2 H 5 ) ;J ClBr 6 requires Br 74*32 per cent.]. It only exists at 
the ordinary temperature under a considerable tension of bromine 
and cannot be recrystallised : when sealed up in a glass tube, 
it is stable, but bromine vapour can lx 1 recognised above the 
solid. 

Tetraethylammonium Dibromochloridt . X(C 2 H r> ) 4 0iBiv- -When 
tetraethylammonium Ilexabromochloride is exposed in a desiccator 
over lime, it loses bromine, rapidly at first, more slowly later, and 
becomes finally of a bright orange colour, after which further 
bromine is only very slowly given otf. The compound thus obtained 
is a bright orange, crystalline po\vd«*r melting at 79 5 [Found: 
Br -= 48*84. X(f\>H 5 ) 4 blBr.> requires Br 49*11 percent.]. 

A similar orange-coloured, crystalline substance separates on 
cooling a warm solution of tetraethylammonium chloride (l mol.) in 
acetic acid containing the requisite amount of bromine (1 mol.). 
It cannot be separated and dried, however, without loss of bromine, 
and the dried product usually contains a quantity of bromine 
about 5 percent, le^s *han the theoretical. On exposing tetraethd- 
ammonium dibromochloride in a desiccator over lime, it lo^ 
bromine fairly rapidly at first, more slowly later, decomposition 
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proceeding finally at a very slow rate until tctraethylammonium 
chloride is left. 

Teiraetkyktmmonium Dichloroiodide, X(C 2 H 5 ) 4 C1 2 I.— This com- 
pound was first prepared by Tildcn (T., 1866, 19, 145) and has 
since been obtained by several other chemists. Werner (T., 1906, 
90, 102o) gives the melting point as 98°. Zinckc and Lawson 
{Armlen, 1887, 240, 124), by acting upon tctraethylammonium 
chloride with hydrochloric acid and potassium iodatc, obtained 
a substance which melted at 146—148° and gave off chlorine at 180° 
to which they assigned the same formula, N(C a H 5 ) 4 Cl 2 L 

On adding tetracthylammonium chloride to a hydrochloric acid 
solution of an equivalent amount of iodine monochloride, a yellow, 
crystalline precipitate at once separated, which was filtered off and 
recrystallised twice from alcohol. It separated in shining, bright 
yellow plate**' which melted sharply at 98° [Found : I = 38‘72. 
a\(C 2 H 5 )AI requires 1 38*66 per cent.]. 

Tdraethylammonium Tetrachloroiodide , X(CVH 3 ) 4 C1 4 [. This com- 

pound separated as a yellow, crystalline powder when chlorine 
in excess was passed into a cold saturated solution of tetraethyl* 
ammonium iodide in acetic acid. It was filtered off and dissolved 
in the least possible quantity of hot alcohol. On cooling, nothin" 
separated, but on saturating the well-cooled solution with chlorine 
the tetrachloroiodide crystallised out in a pure condition in small 
glittering plates of a bright yellow colour [Found: I ~ 31*72. 
X(C 2 H 5 ) 4 C1 4 I requires I - 31*81 per cent,]. When heated, the com- 
pound did not melt sharply. It began to darken at about 130 
and to liquefy at 155 , but fusion was not complete until a tempera- 
ture of 1/3 had been reached, when a dark orange liquid which 
evolved bubbles of chlorine was formed. 


The substance obtained by Zinckc and Lawson must therefore 
ha\e been, not tetraethylamnionium dichloroiodide. but impure 
tctraethylammonium tetrachloroiodide. 

Tefraeihyla m won in m dibromoiodidc . XfCJI-^BrJ. was obtained 
from tetracthylammonium iodide and bromine" in exactly the 


same manner as the tetramothyl compound. It crystallises from 
alcohol in shining, rhombic plates of a deep, somewhat reddish - 
orange, colour and melts at 125 [Found : Br . 38 45 X(CJI-) Br [ 
requires Br — 38*33 per cent.]. “ 2 

Tetra-^propyh m mon i u m chlorobromoiodidc, X(C,H : ) 4 ClBrI, was 
prepared in the same way as the corresponding tetrameth vl compound . 

\7n u StalliSeS in ° range P ri8m *’ m - P- [Found : I 29*17. 
"Mb 3 Il 7 ) 4 ClBrI requires I — 29*61 per cent.]. 

Tetra-n-propyUimmonium tetrachloroiodide, X(C 3 H 7 ) 4 CI 4 I, separ- 

a es in thin, bright yellow, glistening plates when chlorine is 
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passed into a cold solution of tetra-a-propylammonium iodide i a 
alcohol. It was purified in the same manner as the corresponding 
ethyl compound. On being heated, it softens and melts with 
evolution of chlorine between 148° and 160° [Found : Cl = 3p-q 
N(C 3 H 7 ) 4 C1 4 I requires Cl = 31*17 per cent.]. 

T etra-n-propylammon ium dichloroiodide, N(C 3 H 7 ) 4 C1 2 I, was ob- 
tained in small, pale yellow needles on recrystallising the tetra- 
chloroiodide from alcohol, the solution having been boiled for 
two minutes before it w*as filtered. It melts at 145° [Found- 
Cl = 18*36. N(C 3 H 7 ) 4 C1 2 I requires Cl = 18*46 per cent.]. 

T etra-n-propylammon ium dibromo iodide, N(C 3 H 7 ) 4 Br 2 I, was pro. 
pared and purified in the same way as the corresponding methyl 
and ethyl compounds. It separates from hot alcohol in loiw 
orange prisms melting at 140° [Found : Br = 34*01. N(C 3 H 7 ) 4 Br 2 I 
requires Br — 33 '79 per cent.]. 

Tetra-n-propylammonium tri-ioduie , X(C 3 H 7 ) 4 I 3 , was obtained 
from iodine and tetra-n-propylammonium iodide in exactly the 
same manner as tetramethylammonium tri-iodide. It separates 
from alcohol in long, flattened needles of a dark crimson colour with 
a brilliant violet, metallic lustre by reflected light and orange-red 
by transmitted light. It melts sharply at 07 [Found : additional 
iodine = 45*14. X(C 3 H 7 ) 4 I 3 requires additional iodine = U ,m S 

per cent.]. 

T elra-n-propyla m mon iu m pentaiodidc , X(C 3 H 7 ) 4 I 5 , was obtained 
by dissolving the requisite amount of iodine in a warm alcoholic 
solution of the tri-iodide. It was rccrystalliscd twice from alcohol, 
from which it separates in shining, opaque plates with a very 
brilliant dark green, metallic lustre and melts at 82 J [Found: 
additional 1 — 61*89. X(C 3 H 7 ) 4 I 5 requires additional I — 01*84 
per cent.]. 

T etra-n-propylammon ium heplaiodide, X(C 3 H 7 ) 4 I 7 , was prepared 
by dissolving 5 grams of iodine in an alcoholic solution of 2 grams 
of tetra-a-propylammonium iodide. It was re-crystallised from 
warm alcohol which had been saturated with iodine at the ordinary 
temperature and separated in small, almost opaque, plates with a 
dark blue, metallic lustre which melt at 85 3 [Found : additional 
I = 70*51. X(C 3 H 7 ) 4 I 7 requires additional I — 70*86 per cent.], 

The QrKEx’a College, 

O.vroRD. 
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LXXIX. — The Formation of Derivatives of Oxalacetic 
Acid from Tartaric Acid. 

By Frederick Daniel Ciiattaway and George David Parkes. 

JUsy years ago, Cohen and Harrison (T., 1897, 71, 1060) observed 
that very beautiful golden-yellow substances were formed when 
various aromatic amines were heated with diace tyJ tartaric an- 
hydride. They were, however, produced in such small quantity 
that their constitution was not established. 

A rc-investigation of the reaction shows that they are arylimino- 
doriva lives of oxalacetic acid of the general formula 1L 
If certain precautions are taken, the action of primary aromatic 
amines upon diacetyltartaric anhydride follows a perfectly normal 
course. The first product of the reaction is a diaeetyltartranil (I) : 

CfVCO‘0*CH*CO >0 Arxn, CH 3 -C0*0-eH-C(K Vi 
CHj-COO-CH'Ct) ' — ■ * CHj-CO-O-CII-CO^ (I ' ) 

This, under the further action of the base, forms chiefly the normal 
diaeetyltartranilide or its decomposition products, a" tartranilide 
and an acetanilide, 


orNiro CHj-CO-O-CH-CO'XHAr (i’ArXn.) 
1 ^ CH 3 -C0*0*CH-C0-NHAr 


HOCH-COXHAr 

HO-CH-CO-XHAr 


E’CHyCOXHAr, 


whilst in a subordinate degree an arylimino-derivativc of oxalacetic 
acid together with an acetanilide is produced, 


(SArXH,) 


ArX:C*CO\ v . CH 3 *COOXH 3 Ar 


(I.) (II.) 

CHyCOA'HAr 
the reaction probably proceeding somewhat as follows : 
_ CH.COOJCO^ _ HO£CO >XAr 


oc-co 

HoC-CO 


^>XAr 


in-) 


E X P E R I M ENT A L. 

Diacetyltartaric anhydride is best prepared by adding a slight 
■ cese (j-o mo i Si) o£ acetic anlly(lride and a fcw drops "of strong 

on h I?' aWd t0 dfy P° wdered tartaric a «d (I mol.). The mixture 
s a mg or stirring becomes warm, the tartaric acid dissolves, 
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and, on cooling, diacetyltartaric anhydride separates. On filtcrin 
by the aid of the pump, washing with a Little benzene, and drvin 
for a few minutes at 100°, an almost theoretical yield of diacetyl 
tartaric anhydride is obtained in a condition sufficiently pure f or 
ordinary use. From this a yield of 90 per cent, of the theoretical 
of pure diacctyl tartaric anhydride, m. p. 135°, can be obtained bv 
recrystallisation from benzene. 

Preparation of Anils of DiacctyUartaric Anhydride, 

From the behaviour of other anhydrides of dibasic acids, it 
might be expected that diacetyltartaric anhydride would react 
with primary arylamines to form anils, water being eliminated 
This has been found to be the case, the anil in every instance being 
formed when equivalent amounts of the anhydride and the ant 
amine are melted together and the mixture kept in a state of fusion 
for a few minutes. A viscid solid mass is left on cooling, from 
which the anil can be isolated, although in some cases with difficulty 

Diacetyltartranil has been prepared by Yallec (Aim. Chin 
Phys., 1908. [iiij, 15, 331) by heating together at 13.V diacctyl. 
tartaric anhydride and diphenylearbamide. 

It can be obtained more easily by heating together equivalent 
amounts of diacetyltartaric anhydride and aniline, keeping the 
mixture just above the point of fusion (that is, at about 110 : ) for 
four to five minutes. On cooling, a dark red resin-like mass is 
obtained which dissolves readily in boiling alcohol. From this 
solution, on cooling and vigorously shaking, the anil separates as a 
white, crystalline solid. It is necessary to avoid any excess either 
of aniline or of anhydride, as otherwise the product is very difficult 
to crystallise. 

Diacetyltartranil separates from boiling alcohol, in which it is 
readily soluble, in colourless, flattened needles which melt at 125‘o : 
(Yallec gives 124 3 ) (Found : X - 4*79. Calc., X -- 4*81 percent.]. 

Diacetyltartaro-p-chloroanil, ^ ^ ^ S ^ ^^>X*C,.H.C].— This 

. CH 3 *CO-0-CT1*CO b 1 

and the other anils described below were prepared and isolated 
exactly as described above. It crystallises from boiling alcohol, 
in which it is somewhat sparingly soluble, in colourless needles, 
m. p. 173°. It has [xji? -f- 106*86' in acetone (l — 2, c — 2*64) 
(Found : Cl = 1108. C 14 H 12 0 6 XC1 requires Cl = 10 89 percent,). 

Diacetyltartaro-y-bromoanil crystallises from boiling alcohol, in 
which it is sparingly soluble, in colourless needles, ni. p. 1^ • 
It has [*]j- -j- 81*58' in acetone (/ = 2, c — 0*95) (Found: Br = 
21*26. C 14 H 12 0 6 XBr requires Br -- 21*59 per cent.). 

Diacetyltartaro-2 : 4-dichloroanil crystallises from boiling alcohol, 
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in whicli it is readily soluble, in small, colourless needles, m. p. 
108°. It has [«]ir + 63*02° in acetone (l = 2, c = 2*396) (Found ; 
Cl = 19*8. 6?j 4 H n 0 6 NCl 2 requires Cl = 19*70 per cent.). 

yiacctyltarlaro-2 : 4 -dibromoanil crystallises from boiling alcohol, 
jn which it is readily soluble, in colourless needles, in. p. 172°. 
It has [a];;’ + 58 0 1° in acetone (l = 2, c = 2*55) (Found : Br = 
35*5. C 14 II n 0 6 NBr 2 requires Br = 35*60 per cent.). 

Dkcctyllartaro-o-loluil crystallises from boiling alcohol, in which 
it is readily soluble, in small, colourless needles, m. p. 128°. It 
lias [«]|; -I- 99*42° in acetone (Z = 2, e = 2*0G2) (Found : X - 4-yfj. 
C'ifiH w O g \ requires X ~ 4*60 per cent.). 

Diaeetyllarlaro-m-loluil crystallises from boiling alcohol, in which 
it is moderately easily soluble, in very small, colourless needles, 
m.p. 140°, and [a];; -f 112*04° in acetone (Z = 2, c = 0*54) (Found : 
X = 4*52. C 15 H 15 0 6 N requires X — 4*60 per cent,). 

dmdyltartaro.y-toluil crystallises from boiling alcohol, in which 
it is easily soluble, in small, colourless needles, m. p. 127°. It has 
Mii + H8*54° in acetone (l = 2, c = 1*310) (Found : X 4*56. 
C 15 H 15 0 6 X requires X — 4*60 per cent). 

Diacetyltartaro-2 : ±.xylil crystallises from boiling alcohol, in 
which it is fairly easily soluble, in colourless needles, m. p. 118*5° 
and Hi; — 166*4° in acetone (l =2 , c = 0*88) (Found : X =, 4*2;t 
requires X = 4*37 per cent.). 

Diacetyl lartaro- T p - naph ( Ml crystallises from boiling alcohol, in 
which it is sparingly soluble, in colourless needles, m. p. 106°, and 
Mi- "T 134*6° in acetone (1-^2, e = 0*572) (Found: *X=V*u7 
C 'i 8 H i 5 ^$^ T requires X ^ 4*10 per cent.). 


Action of Exces-s of Aniline upon Eiacdyl tartaric Avhytlrhk. 

It has been pointed out already in describing the preparation of 
tartranils that it is much more dillienlt to isolate the anil if excess 
of either reacting constituent is present. 

^ lion a slight excess of aniline is used, the product, when dis- 
solved m alcohol, gives a yellow .solution, and the anil which 
separates is coloured by a yellow impurity. This yellow colour 
"‘comes more marked as the amount of aniline is increased and 
M ’.7 a c ^ llsl dcrabIe excess of aniline is employed a bright yellow 
■>o.ic product is formed. This contains in addition to acetanilide 
-ua tartramhde the compound of a bright vellow colour described 
v Uhen and Harrison (foe. ri/.), whioh wa!s isolated as follows bv 
d U J etil0(1 amto to that described by them. 

| mixture of 34 grams of aniline and 40 grams of diacetyl tartaric 
it «' 1a 1Kt U>ata * an uil-huth to 150°, at which temperature 
V 0 L.c\x[n el ‘ V h<1Uid ‘ As thc hciiiin o was continued, the mass 
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became more and more viscous and finally, after about forty-five 
minutes, solidified to a bright yellow mass. It was found of n 0 
advantage to heat for a longer period or to a higher temperature, 
or to use a larger proportion of aniline, as the subsequent isolation 
of the yellow compound was thereby rendered more difficult and 
the yield was not increased. 

The yellow solid mass was extracted several times with boiling 
alcohol, when a dark yellowish-brown solution resulted, which on 
cooling deposited a considerable quantity of what appeared to be 
a single, bright yellow’ substance but which was actually a mixture 
of a considerable quantity of a white substance, coloured intensely 
by a small quantity of a yellow compound. This yellow mixture 
was filtered off and dried. The dark coloured alcoholic mother- 
liquor deposited, on dilution w’ith w’ater, a mixture of acetanilide 
and the excess of aniline used. 

The yellow solid, after being dried and finely powdered, was 
extracted with benzene in a Soxhlet apparatus until the solution 
which siphoned over was almost colourless. The benzene solution 
in the flask w’as of a deep reddish-orange colour, and on cooling 
deposited a bright yellow substance, which, when filtered off and 
dried, formed a considerable hulk of a fluffy, crystalline powder. 

The residue in the Soxhlet thimble was almost colourless. It 
was rccrystallised from alcohol, in w hich it was very sparingly soluble 
and from which it separated as a felted mass of fine, white needles 
which melted at 264°. It seemed likely, therefore, to be tartranilide, 
which melts at this temperature (Found : N ■== 9 37. Tartranilide, 
C 16 Hi 6 0 2 X 2 , requires X = 9 34 per cent.). Its properties were 
compared with those of a small quantity of tartranilide, prepared 
by Frankland and Slator's method (T., 1903, 83, 1349), and found 
to agree with those of the latter in every particular. 

An exactly similar mixture of tartranilide. acetanilide, and the 
yellow compound is obtained when aniline is similarly heated 
with diacetvltartranil and can be separated into its constituents 
as described above, but this method offers no advantage o\cr the 
direct preparation from diacctyltartaric anhydride. 

The yellow substance isolated by means of the Soxhlet extraction 
was twice rccrystallised from benzene, then once from acetone and 
again once from benzene. A yield of from 1 to 2 per cent, of the 
weight of the diacetyltartaric anhydride used was obtained. In a 
large number of experiments, this yield was only occasionally an 
slightly exceeded, and the yellow compound appears to he produce 
as a by-product. 

It is moderately soluble in boiling alcohol or benzene, more 
in glacial acetic acid or acetone, and insoluble in water. It 
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at 232°. It does not react with acetic anhydride. Heated with 
excess of bromine, it decomposes and a-tribromoanilinc is formed 
(Found : C — 72 89 ; H = 4 54 ; N = 1053, corresponding with an 
empirical formula 0 8 H Q UN, which requires C — 72*90* H -= 4.55. 

- 10*60 per cent.). * * 

Since the compound is obtained either from diacetyltartaric 
anhydride or from diacetyltartranil by simply heating to a moderate 
temperature with aniline, and as it is unlikely that the chain of four 
carbon atoms in the tartaric residue is broken during the reaction 
the compound must contain at least ten carbon atoms in its mole- 
cule, and its molecular formula must accordingly be double the 
empirical formula, that is, C t6 H, 2 0 2 N 2 . This was confirmed by a 
determination of the molecular weight by the depression of 
the freezing point of benzene (Found: ;!/== 261*1 (' H n \r 

i,r G 12^2^2 

requires M = 2t>4 2). 

From the circumstance that acetanilide is formed in the reaction, 
is is also tartranilide, it is evident that the acetyl groups of the 
anhydride are removed by the aniline. 

These facts, together with the mode of formation and the mole- 
mlar composition, show that the yellow compound must be a 
lemative of oxalacetie acid and have the constitution represented 
C.H.-XCMX) 


}y the formula 6 


>-N-C e H 5 .’ 


To complete the identification of the compound, it was com- 
wed with a specimen of phenyliininosuceinanil t prepared from 
isalacetic ester by the method of Wislicenus and Spiro (Bn., 1889 
!2, 3348) and found to be identical with it in every respect. ’ 

p-Tohjliminonieeim-p-toluil, As the 

ormation of derivatives of oxalacetie acid from tartaric acid is 
'f considerable interest, a series of those anils has been prepared by 
his method, which appears to be a general one. 

Ten grams (1 mol.) of diacetyltartaric anhydride and 20 "rams 
mols.) of Ji-toluidinc were heated together at 150° for about 

blvbffo “‘! H . arrisyn < /w ; <*•> «h»t the compound would prob- 

be f0Un<I have one of the formula* : 


CiH 4 *X:c — co 
i 


CHCO 


OH.(iH.CO >NC ‘ H ‘ C '* H ‘ X; 4.CO XCtH - 

/pe^nd"’ “formed b^l Si,ni '? r ‘ y Con9,iU " ed “‘"pounds described in .bis 
« bv an arvlfn, , n ‘ I,l, ! ccmont of ,h “ betonie oxygen of oxalacetie 
razaldohydo am *•“** ** bonz >' 1Me neuniliiio is obtained from 

’stem of noma I * *‘ cri as uninosuccinnnils to conform to the accepted 

ydxogea and not* r ° gards thoM1 i,s derive<i from the corresponding 

6 *ma not oxo-compounds. s 
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fifteen minutes until the viscid mixture solidified to a bright yellow 
mass. This was allowed to cool and extracted several times with 
boiling alcohol. On cooling, a bright yellow solid separated, which 
was filtered off, powdered, washed with dilute hydrochloric acid 
to remove excess of p-toluidine, dried, and extracted with benzene 
in a Soxhlet apparatus. On cooling, the benzene solution deposited 
small crystals of a bright yellow colour which were recrystallised 
from benzene, then from acetone, and again from benzene. 

p-Tolylimhiosuccino^-tolvil is moderately easily soluble in 
boiling benzene, from which it separates in thin golden-yellow 
plates. It melts at 237° (Found. : C = 73*75; IT = 5*37 ; N — 0 58. 
Ci 8 Hi 6 0 2 X 2 requires C =s 73*9 ; H — 5*47 ; N ~ 9*58 per cent.). 

m - Tolyli m inosiiccino-m-tolu i l was prepared similarly to its 
p-isomeride, but it was found necessary to heat the mixture at 
150° for two hours, the reaction apparently taking place much 
more slowly in this case. Its isolation also was more difficult, 
since t a r t a rod i - ?« - 1 ol u i did c , which is the main product of the 
reaction, and the bulk of which remains in the Soxhlet apparatus, 
is yet somewhat soluble in benzene, and could only be removed 
from the benzene solution by repeatedly allowing it to crystallise 
out ; the mother-liquor from each crop of crystals being evaporated 
to dryness and again fractionally crystallised from benzene*, m -Tobjl- 
iminoMccino-m-toluil separates from boiling benzene, in which it 
is easily soluble, in minute, bright yellow needles which melt at 
162° (Found : N = 9*44. C i8 H I6 0 2 X 2 requires N = 9'jS per 


cent.). 

p-C7i lomphen i/l ( m i nosucci no-p'diloroa n il, 

C 6 H 4 ChX. V CO >N . HC1 
HjC-CO 6 4 

— This, like the eorresjjonding bromo -compound, was prepared and 
isolated by the method already described, with but slight necessary 
modifications. 

p*C 'hlorophenyl i w i nosucci /w-p-cfiloroa n il separates from boiling 
benzene or acetone, in both of which it is moderately easily soluble, 
in small, thin, irregular plates of a bright yellow colour. It melts 
at 245 5 (Found : Cl --- 21*08. C 16 H 10 O 4 X 2 CI 2 requires Cl -- 2l\’>u 
per cent.). It is also formed when p-chlnroauilinc is heated with 
diacetyltartaro-p-chloroanil. 

p-Broinophcn tjli mi nosnee ino-p-bromoa nil resembles closely the cor- 
responding chloro-compound. It is moderately easily soluble in 
boiling benzene, from which it crystallises in small, thin, bright 
yellow, irregular plates, which when dry form a fluffy, crystalline 
powder. It melts at 2fiU' (Found: Br — 3771. C 16 H 10 O 2 N 3 br 2 
requires Br - 37 8 per cent.). 
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p -ChlorophenyUyniTiosiMcinanili *^’V ^>X*C ft H 5 . -As an 

an iminosuccinanil is produced very easily by heating any arylamine 
{3 mols.) with any diacetyltartranil, mixed derivatives can be 
obtained. Thus the action of p-chloroaniline on diacetyl tartranil 
gives rise to p-ckkrophenyliminos ucc i n anil This compound is 
sparingly soluble in boiling benzene, from which it separates 
jn minute, thin, irregular plates of a bright yellow colour. It 
melts at 268° (Found: Cl = 11*80. C 16 H u O,X,C1 requires 
Cl = 11 ‘90 per cent.). 

Phenylim inosuadno-p-chloroa n il, V^>X.C 6 1I 4 C1 , was 

similarly obtained by heating aniline with diacetvltartaro-p* 
chloroanil. It resembles its isomeride closely, l>ut is of a slightly 
different shade of yellow and is much more readily soluble in benzene. 
It separates from boiling benzene in minute, thin, irregular plates 
of a bright yellow colour and melts at 244 s (Found : Cl = 11*78. 
C l6 H u 0 2 N 2 CI requires Cl — 11*90 per cent.). 

The Queen's College, 

Oxfoi’.o. [litctical, January ‘22 nd, 1023.] 


LXXX. — The Higher Oxide of X id: el. 

By Owen Kins Howell. 

Considerable attention has been directed to the precipitation 
of nickel by means of alkali and an oxidising agent (Bayley, Chem. 
Sacs, 1879, 39, SI ; Carnot, ('ornpt. roe/., Issll. 108, 610; Schroder, 
Cfom. Zentr., 1S90, i, 931 ; Bellucei and (’la vari, Guzzi ikt, 1903, 14, 
ii, 234; Atti li. AcanL Lined , 1903, [v],14, ii, 234; ibid., 1907, [v], 
16, i, 647 ; Bellini and Meneghini, Z. unary. Chon., 19oS, 60. 178; 
Tanatar, iUr. t 1009, 42, 1316; Turbandt and Kiedel, ibid., 1911, 
44, 2363; Z. anorg. Chnn., 1911, 72. 219), but the reaction has not 
been investigated quantitatively and the nature of the precipitate 
does not appear to have been satisfactorily established. The matter 
lias therefore been examined by precipitating nickel sulphate solution 
with sodium hydroxide and sodium hypochlorite, and also with lime 
and, bleaching powder in a manner similar to that adopted in the 
case of cobalt (this vo!. f p. 65). 

Exp k r i m e x t a l. 

Materials. — The nickel sulphate was free from iron and contained 
only a trace of cobalt. The hypochlorite solutions were made as 
already described [loc. e/7.). 
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Method of Investigation . — The nickel sulphate solution was pr e . 
cipitatcd with a solution containing the requisite amounts of alkali 
and hypochlorite, and the resulting precipitate analysed. The 
mode of procedure and methods of analysis were the same as in 
the case of cobalt (loc. cit.). All the quantities are expressed as 
equivalents per equivalent of nickel taken for precipitation. 

It was found, as stated by Bellucci and Clavari (loc. cit.) } that 
the precipitate was extremely unstable and rapidly lost oxygen 
even in suspension at the ordinary temperature. In order to 
obtain strictly comparable results, care was therefore taken that 



E'i n i r tU nt« of f* >; fwht»ri((. 


the time between precipitation and analysis of the precipitate was 
exactly the same in any series of experiments. 

Action of Hypochlorite Alone. — Sodium hypochlorite free fmm 
alkali does not react immediately with nickel sulphate solution 
at the ordinary temperature; some time elapses before the reaction 
begins. As in the case of cobalt, a black precipitate of the higher 
oxide is obtained with evolution of chlorine, but the precipitation 
is so incomplete and so slow compared with the action in the presence 
of alkali that it has not been studied in detail. 

Action of Hypochlorite in presence of Alkali . — A constant exivss 
of alkali was used with varying amounts of hypochlorite. I he 
precipitate was stirred for an hour, allowed to settle over-night, 
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and filtered; samples of the solid were taken for analysis. The 
results obtained with the sodium compounds are given in Table I 
and those with the calcium compounds in Table II. The values 


are plotted in Fig. 1 . 




Table 

I. 




NhjCOj 

Total 



Available 

NaOII. 

alkali. 


XaOCl. 

oxygen. 

2-020 

0020 

2-040 


0 312 

0*022 

2012 

0-024 

2-030 


0-524 

1-037 

2-014 

0-020 

2-034 


0-024 

1*180 

2014 

0024 

2-038 


0-800 

1-225 

2014 

0024 

2 038 


1-122 

1-241 

2014 

0024 

2 038 


1 420 

1-200 

2-018 

0-020 

2-044 


2-200 

1-308 

2018 

0028 

2-040 


2-980 

1-350 



Table II. 





Available 



Available 


Ou{Oei}.>. 

oxygon. C 

u(OH). 

(’a(OCI), 

,. oxygen. 

1-800 

0-300 

0-508 

1-800 

1-000 

1-483 

1*800 

0-300 

l-OoO 

1-810 

1-200 

1-501 

1-810 

0-70O 

1 375 

1-810 

1-000 

1-528 

1 800 

0000 

1-405 

1-810 

2-500 

1-503 

It is seen 

that the 

action of the 

hypoi 

chlorite in 

oxidising the 


precipitated hydroxide is quantitative up to the addition of half an 
equivalent (sesquioxide stage) and further while peroxidation 
occurs. The extent of the peroxidation is greater with the calcium 
compounds than with the sodium compounds, probably because 
the reaction is more rapid owing to the formation of the compar- 
atively insoluble calcium sulphate. The peroxidised precipitate 
catalytieally decomposes the hypochlorite, consequently the use 
of larger amounts of hypochlorite results in only a small, hut 
proportionate, increase in the oxygen content. 

Action of Alkali.— \ constant amount of hypochlorite was used 
with varying amounts of alkali. Two series of experiments were 
made; in (a) the susjxmsimi was stirred for half an hour after pre- 
cipitation and an aliquot part taken for analysis : in (6) the suspension 
was stirred for two hours, allowed to settle over-night, filtered, and 
the solid analysed. The results obtained \\ ith the sodium compounds 
are given in Tables III (n) and III (/>) and with the calcium com- 
pounds in Tables IV (a) and IV (b), respectively. The values are 
plotted in Fig. 2. 


NaOJ I. 

Xu.a> 3 . 

Table 111 («). 

Total 

alkali. 

XaOL'l. 

Available 

oxygen. 

0-448 

0-014 

0-402 

1 418 

0-400 

0-709 

0021 

0-730 

1424 

0-732 

0-908 

0-032 

1-tHK* 

1-418 

Cl- 990 

l 100 

U034 

1-200 

1-424 

1-182 

1-474 

0-042 

1-510 

1-424 

1 -20S 

2-400 

0032 

2-438 

1-418 

1-2(8 
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Table III (6). 



0*443 

0*044 

0*487 


1*421 

0*424 

0*058 

0*032 

0*900 


1*405 

0*838 

1*203 

0-030 

1*233 


1*418 

1*035 

1-40(5 

0022 

1*428 


1*421 

1*202 

1*020 

0-020 

1*055 


1*421 

1*255 

1-840 

0*020 

1*800 


1*421 

1*200 

2-0S2 

0 020 

2*702 


1*438 

1 272 


Table IV (a) 



Table IV (6). 




Available 



Avai In Mu 

Ca(OH),. 

Cii(OCI) 3 . 

oxygen. 1 

Cm (OH), 

Ca(OCl) a . 

oxygen. 

0-i lOo 

1*200 " 

0*732 

0*520 

1*212 

0-525 

l-i Kin 

,, 

1*232 

o-oos 

1*200 

0-91(1 

1*250 

,, 

1*540 

1*342 

1*200 

1 ■ 3(5(1 

1*500 

„ 

1*010 

1*550 

1-20S 

1*498 

2*020 


1*605 

1*9(50 

1*210 

1-49(1 




2*058 

1*200 

1*482 




3*780 

1*208 

1*45*1 




5*052 

1*204 

1*418 


Fig. 2. 



of all-,;;. 


It is si- '-n that tile curves pass through the origin, showing that 
the direct action of the hypochlorite is negligibly slow cuinpaml 
with tli.it of the alkali. In all eas«*s the values in series (M aiv 
levs than the * orr(-sj»uiuiing values in series P/j o, vine to the greater 
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decomposition of the peroxide during the greater interval between 
precipitation and analysis. Although precipitation is complete 
at one equivalent of alkali, the curves do not exhibit a break at this 
point; the decomposition of the precipitate is retarded by alkali, 
and for this reason there is an increase in the available oxygen 
with excess of alkali. 

The loss of oxygen by the precipitate and its retardation by 
alkali will be evident from Table V. Precipitation was made in 
A with one equivalent of alkali and in B with one and a half equiv- 
alents, other conditions being identical. The suspensions were 
allowed to stand and the available oxygen was determined at 
intervals. It is evident that the decomposition in the presence of 
half an equivalent of alkali is far slower than in the neutral solution. 
It is also seen that, as stated by Bcllucci and Clavari (loc. ciL), 
the decomposition proceeds with no arrest at the sesquioxide stage. 


Table V. 


The precipitating solution 

was 1 

equiv. of XaOlI and 

1 equiv. of 

.VaOCi 

A and 1*5 t-quivs. of NttOH ? 

i.-id 1 

i-quiv. of NaOCl in H. 



Time of 


Tilin' t.f 



standing. Available oxygni. 

.standing. 

Available 

oxvgcn. 

A. 

ii. 


A. 

‘B. 

0-5 hours 1 * 137 

1 *212 

0 days 

U 871) 

MSG 

8 „ 0-H‘Ml 

1-212 


0*833 

1*124 

24 „ tMi7<i 

1-203 

2 months 

0-7(il 

O-pVI 

2 dava 0-032 

Msii 

4 

0-713 

o-'.ilU 

3 (M)14 

1-1 no 

0 „ 

0 084 

0-87H 

4 „ 0-8117 

1-140 





Action of Sodium Carbonak.—T\m precipitating solutions con- 
tained only sodium carbonate with the hypochlorite, the free alkali 
being converted into the carbonate by addition of the requisite 
amount of bicarbonate. Two series of experiments were made; 
in ((f) u constant excess of sodium carbonate was used with varying 


amounts 

of hypochlorite 

and in {!>) a 

constant excess of hypochlorite 

willi 

va 

ning amounts 

of sodium 

earh 

mate. The 

results are 

give 

l in 

Tables M [a) and \'l (/*), a 

id the 

values plotted in Tigs. 1 

and 

2, re 

spcctively. 







Table VI («) 



Table VI 

{!>). 




AvaiLiU. 



Available 

is a 

,cu 3 

Na Of 1. 

U.\\ gl'll. 

<n \ 0 3 . 

NaOC‘1. 

INJ’LVII, 

1 

2 !o 

»l-2Mt 


uV.ln 

loll 

0-4l*o 

I 

2;ju 

o;,i2 

0-703 

0->00 

l -ois 

O-A02 

1 

23 s 

1-u i;. 

11-730 

1 003 

1 til l 

0-071 

1 

23S 

l-.VIh 

o 7tis 

l-23o 

1 o2o 

m-727. 

1 

23o 

2 1143 

0 7s2 

Kd. 

loll 

0-732 





2oo;. 

l olo 

O-sV.* 





2 311 

1 Ol‘* 

l-oll 





3-o42 

1-0 10 

1-072 


A A* 
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It is seen that the precipitated carbonate is oxidised hy the 
hypochlorite. The available oxygen in the precipitate is about the, 
same as in the case of the hydroxide, but calculated on the nickel 
taken it reaches a value only half as great; the liberated carbon 
dioxide combines with an equivalent amount of nickel carbonate, 
yielding the bicarbonate, so that only half the nickel is precipitated ; 
4NiC0 3 + 2NaOCl + 2H 2 0 = Ni 2 0 3 + O -1- 2Ni(HC0 3 ) 2 f 2NaCl. 
Increasing the excess of sodium carbonate by decreasing the extent 
of nickel bicarbonate formation produces an increase in the amount 
of nickel precipitated and consequently in the available oxygen 
calculated on the nickel taken. 

Influence of Temperature . — In this series of experiments the com- 
position of the reacting solutions was the same in each case. The 
solutions were brought to the requisite temperature before mixing 
and maintained at this temperat ure while stirred for an hour. Thev 
were allowed to settle over-night before being filtered and analysed. 

(a) Precipitating solution, NaOH T80 equivs. NaOCl T05 equivs. 


Temp, of precipitation , O 5 IT) 3 2;')° 40 3 U<) 3 

Available oxygen — T294 1-285 1-200 1-220 l-lt)<i 


(b) Precipitating solution, Ca(OH) 2 1 ‘00 equivs. Ca(OCl) 2 148 
equivs. 


Temp, of precipitation ...... O l.V 3o 00 75 !Hf 

Available oxygen 1-022 T«HK) 1-300 1*104 1-U46 0-51.72 


In both cases there is a decrease in the available oxygen with 
increase of temperature, and this is due to increase in the rate of 
decomposition of the precipitate. When plotted, the values fall 
on a straight line; decomposition proceeds smoothly beyond the 
sesqtiioxide stage. The loss of oxygen in (h) is much greater than 
in (a) ; the precipitate is stabilised by alkali, but the effect is small 
in the case of lime, since its active mass is limited by its sparing 
solubility. 

Influence of Concentration . — In this series of experiments all 
conditions were constant except the concentration of the reacting 
solutions. In B the concentration was the same as in all the previous 
experiments ; in A, it was half, and in C, double this value. 

(a) Precipitating solution, XaOH T9.) equivs. XaOC I TOT equivs, 

A U C 

Concentration half unity rlmiblo 

Available oxygen 1-224 1 237 1 272 

(b) Precipitating solution, Ca(OH} 2 TOO equivs. Ca(OCl) 2 HO 
equivs. 
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A B C 

Concentration half unity double 

Available oxygen 1-485 1 500 1-525 


There is an increase in the oxygen content of the precipitate with 
increasing concentration, doubtless because of the increased pro- 
tective effect of the alkali, which is much more marked with soda 
than with lime. 

Summary. 

1. Hypochlorites free from alkali react only slowly with nickel 
sulphate solution ; the rate of the reaction is negligible compared 
with that in presence of alkali. 

2. With excess of alkali, hypochlorites oxidise the precipitated 
nickel hydroxide. The action is quantitative beyond the sesqui- 
oxide stage, but, owing to catalytic decomposition by the peroxide 
formed, larger amounts of hypochlorite produce only a small pro- 
portionate increase in the oxygen content. 

3. With sodium carbonate, hypochlorites similarly oxidise the 
precipitated nickel carbonate, but the liberated carbon dioxide 
yields nickel bicarbonate, so that precipitation is not complete. 

4. The precipitate is very unstable and evolves oxygen even in 
suspension at the ordinary temperature. Decomposition proceeds 
beyond the sesquioxide stage ; the rate is retarded by alkali. 

5. A lower oxygen content results from precipitating at higher 
temperatures owing to the increased rate of decomposition of the 
precipitate. 

6. There is an increase in the oxygen content with increasing 
concentration of the reacting solutions, probably owing to the 
increased protective effect of the alkali. 

Difference in Behaviour of Cobalt and Nickel 

1. The peroxidised precipitate obtained with cobalt is stable; 
it can he kept for a long time or the suspension boiled without 
loss of oxygen. With nickel, the precipitate decomposes with 
evolution of osygen even in suspension at the ordinary temperature 
and the oxygen content falls continuously below that corresponding 
to the sesquioxide; decomposition is accelerated by heat and 
retarded by alkali. 

2. Hypochlorites free from alkali react immediately with cobalt 
solutions, yielding a peroxidised precipitate, the rate of the reaction 
being comparable with that of precipitation of tlu* hydroxide by 
alkali and its oxidation by hypochlorite. With nickel, the action 
is delayed and is negligibly slow compared with t lie action in the 
presence of alkali. 

3. In the presence of alkali, the hydroxides are peroxidised. 



676 


PERKIN AND PLANT t 


With cobalt, excess of hypochlorite causes a decrease in the oxygen 
content owing to its increased direct action ; with nickel, it causes 
an increase owing to its further oxidising action. With cobalt, 
excess of alkali causes a small increase in the oxygen content owing 
to increased precipitation as hydroxide; with nickel, it causes a 
large increase owing to its retarding decomposition of the precipitate. 

4. Precipitated with sodium carbonate and hypochlorite, cobalt 
salts yield a peroxidised carbonate; in the case of nickel, however, 
the precipitated carbonate is oxidised to the peroxide with loss of 
carbon dioxide, which yields the bicarbonate. 

The author is indebted to Principal B. Mouat Jones and Professor 
T. 0. James for giving him every facility for carrying out this work 
and to Professor T. M. Lowry for his kindly interest. Ho would 
also gratefully acknowledge the kindness of the Royal Commissioners 
for the Exhibition of I Sol in reserving the scholarship granted him 
in 1914 and resumed during this investigation. 
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LXXXL -- Derivatives of Telralujdrucarbuzob . Pari II. 

By William Henry Perkin, jun., and Sydney (Ii.enn Prestox 
Plant. 

In the previous communication (T., 1921, 119, 1825), wo emphasised 
the importance attaching to tetrahydroearbazole, not only on 
account of its dose relationship to tetrahydroharmine, but also 
because there is reason to believe that strychnine and brucine arc 
derivatives of this substance. 

During the course of a long series of experiments on the synthesis 
of substances which it is thought mav prove to be closely allied hi 
strychnine, and the results of which it is hoped will shortly be ready 
for publication, it became increasingly important that the properties 
of tetrahydrocarbazole and its derivatives should be more completely 
studied. 

The present communication contains a further description of 
experiments mafic with this object in view. Part I of this investig- 
ation {be. cii.) was mainly concerned with the nitration of tetra- 
hydroearbfizole, fbmcthyltetrahydroearbazole, and fl-acetyltetra- 
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hydrocarbazole * and it was pointed out that, whilst the parent 
substance and its 9-methyl derivative, when nitrated in strong 
sulphuric acid solution with potassium nitrate, give almost quanti- 
tative yields of the 6-nitro-derivatives (I and II), 9-acetyl tetra- 
hydrocarbazole, on treatment in acetic acid solution with nitric 
acid, is converted into the 5 -nitre-derivative (III), a result quite 
unexpected and somewhat difficult to understand (compare p. 684). 


II, 


XO, 


'\ /\ 

Nil H 2 
(!•) 


h 2 

h« 


NO,; 


H, 


,H 2 

JH, 


XMe H 2 
(H.) 


NO, 
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. / 

NAc if , 
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Tn connexion with our experiments on the action of nitric 
acid on 9-acetyltetrahydrocarbazole, it was clearly of interest to 
investigate the behaviour of 9-benzoyltetrahydrocarbazole under 
similar conditions, but this could not he done at the time because 
we were unable to prepare this benzoyl derivative from tetrahydro- 
carbazole by the action of benzoyl chloride. Subsequently we found 
that the following process works well, not only in the case of the 
benzoyl derivative, but also in the preparation of other 9-acyl 
derivatives of tetrahydroearbazole. Tetrahvdroca rbazolc is added 
to an ethereal solution of magnesium ethyl iodide, when ethane is 
liberated and magnesium 9-tetrahydrocarbazyI iodide (IV) produced, 
and this reacts readily with benzoyl chloride, giving a good yield of 
Q-benzoyltetrahydrocarfxizole (V) : 



h 2 

,/\ 


MI 2 

Hi 


H 2 NO, Ii, 



X H, X 1I 2 N H 0 

Mgl * COC fi H 5 CO'Cjlg 

(IV.) (V.) (VI.) 

When the solution of 9-benzoyltetrahydrocarbazolc in glacial 
acetic acid is mixed with nitric acid, it furnishes, as one of the 
products of the interaction, o - « f fra- 9 - hrnzoyHt fra Jnjrh'oca rha : oh 
(VI ; m. p. 140°), the constitution of which was proved by hydrolysis 
with alkali, when it yielded o-nitrotetrahydrocaibazole with 
elimination of the benzoyl group. 


* The schoino of numbering tlio positions in triruhydxvcui hazolo usod in 
this and in the previous eoinnmnieation is : 

H 2 


ti n a 
i* ia * 

\v w 

NH H, 
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The main product of the action of nitric acid on 9-benzoyltetra- 
hydrocarbazole is, however, a colourless, crystalline substance which 
melts at 150° with evolution of oxides of nitrogen. This substance 
has the formula C 19 H 18 0 4 N 2 , and therefore is produced from 
benzoyltetrahydrocarbazole, C 19 H 17 ON, by the addition of nitric 
acid and there can be no doubt that this addition takes place-- in 
the form of *OH and 'N0 2 — at the double linking (10 and 11) of 
the partly reduced ring. 

This addition may take place in two directions leading to the 
formulae VII and VIII ; of these we think VII the more probable 


(VH.) 


H 2 

vo> 2 

OH :tt 

\/\/" Ht 

NBz H„ 


oic>2 


(VIII.) 


XBz H, 


and therefore the substance C 19 H 18 0 4 N 2 is named ll-nitro-ty-benzoyl. 
IQ-hydroxyhexahydrocarbazok in this communication. The most 
remarkable decomposition of this substance is that brought about 
by boiling with potassium hydroxide, when it yields, as the main 
product, an acid, C 19 H 19 0 4 X, melting at 124°, together with a small 
quantity of an acid, C 19 H 17 0 3 X, which melts at 226 5 , the con- 
stitution of which is discussed below. The acid (J 19 H 19 0 4 N is 
decomposed by boiling with excess of alkali into benzoic acid and 
an amino-acid. C 12 H 15 0 3 X (m.p. 129 r ); the former is therefore 
evidently the benzoyl derivative of the latter. The mechanism of 
this curious series of changes is probably the following : In the lirst 
place, the alkali converts ll-nitro-9-benzoyl-lO-hydroxyhexahvdro- 
carbazole into the corresponding 10 : 1 1 -dihydroxy-derivative (IX): 
this then undergoes oxidation in the presence of the nitrite, and the 
intermediate substance (X) is produced. 


(IX.) 
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Ho 


XBzH 2 


CH S 
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l j-NBz-CO, ^ 
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The substance (X) is then further acted on by the alkali, in two 
stages, yielding the acids 

r , u ✓CO*CH 2 *CH 2 *CHo*CH.,-CO >> H . 
t 6 H 4 <N'H.CO-C«H i • * ' 8,1,1 

5-o lion znylami no ben zo viva luric 

uc'id (c 1 ,n 1 ,().N ) /CO-ch.<:h.,-ch.,ch.,co.,h 

c * h «'\\h !! 

J-o-Aminobonzovlvalorii 1 ueiil 
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Neither of these acids appears to have been prepared, but the 
parent acid— 2-benzoyl valeric acid (ra. p. 78°)— has been described 
and is produced by the condensation of benzene with the chloride 
of adipic acid (Bauer, Compt. rend., 1912, 155, 288; Borsche and 
Wollemann, Ber., 1912, 45, 3715). The acid C 19 H J7 0 3 N (m. p. 
226°), produced in small quantity by the action of alkali on lBnitro- 
9 -benzoyl- 1 1 -hydroxyhexahydrocarbazole, is apparently produced 
from S-o-benzoydaminobenzoylvaleric acid by internal condensation 
between the >00 of the benzoyl group and the 5->OH 2 of the 
valeric acid residue, 


n „ .CO-CH 2 -CH 2 'CH 2 -G'IL,'CO,H 

C c H 4<XH-CO-C 6 H 5 " 2 — 

00 

CM/ !>CIJ 2 -0H 2 -CH 2 -CO 2 H 
xh^-c 5 h. 

and is therefore probably i/droxy-'2-phenylqu i nolinc-^-butyric 

acid. 

Condensations of this kind do not appear to have been previously 
met with, but a somewhat similar change was observed by Perkin 
and Robinson (T., 1913, 103, 1975), namely, the conversion of o- 
aldchydosuccinanilic acid into carbostyril-3 -acetic acid by the action 
of alkali. 

A preliminary investigation of the action of nitric acid on 9-acetyl- 
tetrahydroca rba zoic was described in the previous communication 
{he. cit p. 1828), and it was there shown that the main product, 
under the conditions employed at the time, is the 5-nil ro-derivative 
(HI). 

In view*, however, of the unusual course observed in the ease of t lie 
interaction of the 9-benzoyl derivative and nitric acid, it seemed 
desirable to study more completely the action of nitric acid on the 
9-acctyl derivative, and we now find that, if less acetic acid is used 
in this nitration than previously, there is produced, along with the 
5-nitro-derivativc, a new substance, C H ll n < > 3 X, derived from 9- 
acctyltetrahydrocarbazole by the addition of two hydroxyl groups. 

There can be little doubt that the addition again takes place at 
the unsaturated linking of the partly reduced ring and that the new 
substance is 9-arrYy/- 10 : 1 1 -d ih yd ro.r>jhf.ra h ydroca rUt zoic (XI). 
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It is curious that the action of nitric acid on 9-benzovl- and 9- 
aeetyl.tetrahydrooarbazole should yield products of such different 
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kinds, for whereas, in the former case, the interaction results in the 
addition of nitric acid (p. 078), in the case now under discussion, the 
change depends on the addition of two hydroxyl groups. 

The investigation of (XI) has yielded very curious and unexpected 
results. In the first place, its behaviour towards alkalis was 
studied, when it was found that it dissolves in hot aqueous alcoholic 
potassium hydroxide to a deep red solution from which an orange 
substance melting at 79° separates. This substance has the 
formula C 32 H 13 0N, and therefore i* obtained from XI (C^H^O^X) 
by the removal of acetic acid. At first sight, the most probable 
explanation of this change is that it is brought about by the union 
of the 9-acetyl group with the neighbouring hydroxyl group, i lt 
which case the substance C 12 H 13 ON will have the constitution 
represented by formula XII, and we suggest the name 1 1 -hydroxy. 
tetrahydrocarba:okninc for this substance. The presence of the 
hydroxyl group is confirmed by the fact that the substance yields 
a well-characterised, colourless acetyl derivative (m. p. 113°). 

It is, however, by no means clear that the elimination of acetic 
acid during the formation of the substance C 12 1f 13 OX proceeds in 
the direct manner just suggested, for this view scarcely supplies the 
explanation of the fact that, whereas the acetyl derivative is colour- 
less, the substance C r Jf 13 OX is highly coloured. It is possible that 
the elimination of acetic acid may take place in such a way as to 
yield the isomeric hydroxy-derivative of the formula (Xlla). This 
formula would account for the inability of the substance to form an 
additive compound with methyl iodide and would also supply an 
explanation for its being coloured. 

On the other hand, the colourless acetyl derivative probably has 
the constitution represented by formula (XI lb) derived from XU, 

OAc 
H 2 

r - C /X H 2 

I hJ (x ii6.) 

x' H, 

the tautomeric change incurred in the conversion of the substance 
into the acetyl derivative being that represented by the scheme 
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an interchange which would not be difficult to realise in the presence 
of dilute acids, Until, however, further evidence on this point has 
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been obtained we propose to retain the name 11 -hydfoxytelrnkydro- 
carbazolenime for the substance C 12 H 13 ON. 

The most interesting property of 9-acetyl-10 : 11-dihydroxyhexa- 
hydrocarbazole is its behaviour on heating either alone or with acetic 
anhydride. Under these conditions, it yields a colourless, crystalline 
substance, C J4 H 15 0 2 N (m. p. 104°), produced from the acetyl 
derivative by the elimination of water; careful examination of this 
substance, however, clearly indicates that this is not a case of 
simple dehydration, but that some fundamental change in con- 
stitution has taken place, and the nature of this change proved for 
some time very puzzling. Ultimately Professor Robinson suggested 
tlmt 9-acet.yMO : 11-dihydroxyhexahydrocarbazole ma y f )e con _ 
sidered as a pinaeol and that the elimination of water" under the 
acidic conditions employed may give rise to pinacolin formation 
according to the scheme 
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and of these alternatives (XIII) was considered the more probable 
on theoretical grounds. 

The investigation of the properties of the substance Ci 4 H 15 0 2 N 
clearly suggests that this view of the mechanism of its formation is 
the correct one, but of the two formulae, XIII and XIV, the latter 
seems to be out of the question for reasons stated below. Formula 
XIII represents the substance C^Hj^OoX as an acetyl derivative 
of a spiro-condensa t ion product of C -indoxyl and cyc/opentane and 
therefore wo propose to name it 6 -acd>jl - o - i n doxyh p i rocy c 1 op rntane* 
On hydrolysis with excess of alcoholic potassium hydroxide, this 
substance loses the acetyl group and yields cMwdo/yJspirocyelo- 
pcntane (XV), which crystallises in colourless plates, melts at 113°, 
and is reconverted into the acetyl derivative on treatment with 
acetic anhydride. This behaviour with excess of alkali seems to 
show that XIV can not be the correct expression for the substance 
because this structure represents the substance as an 


* 1 he numbering of t ho positions in ■y-indoxyl^uYoey/c'poiitane employed is ; 


NH 


\CHvCH, 
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acetyl-lactam, and this would yield the corresponding amino-acid 
(XVI) on hydrolysis, which, however, is not the case. 


(XV.) 


/\/\/ c ^ Glu - 

i I C ] 


. co 2 h 
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i/ Indo x y l sp i roc y dope ntane is insoluble in dilute acids or alkalis 
and does not react with ethyl or methyl iodide or with methyl 
sulphate in the presence of potassium hydroxide. It also does not 
yield a nitroso- derivative or a semicarbazone. In these and other 
ways it exhibits properties similar to those of acridone, 

C 6 H 4<nh> C 6 H 4. 
which it resembles in constitution. 

The properties of ^-indoxyUpirocyclopent-ane are, however, 
profoundly modified by nitration and the ease with which the nitm- 
derivative is produced is remarkable, the conversion being rapid 
and complete when the substance is boiled for a few minutes with 
20 per cent, nitric acid. The nitro- derivative crystallises in brown 
prisms, melts at 229 3 , and is presumably \)-nitro-\p-indoxyl$p\ro. 
cycle pentane (XVII). 


, 00 CH..-CH, 
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co ch 2 -ch. 
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Unlike the parent substance, this nitro-derivative dissolves 
readily in dilute sodium hydroxide, giving a deep yellow solution, 
and is reprecipitatod on the addition of hydrochloric acid. When 
the solution in sodium hydroxide is treated with methyl sulphate, 
a colourless monomethyl derivative (XVIII ; m. p. 142 ) is formed in 
which the methyl group is attached to nitrogen, because it is not 
removed by boiling with hvdriodic acid. 

In view of the remarkable differences in behaviour exhibited by 
9-benzoyl* and 9-aoetyl-tetrahydroearbazole on treatment with 
nitric acid, it seemed of interest to investigate the action of nitric 
acid on other V-acyl derivatives of somewhat different character, 
and therefore we prepared dhyl tdra hydroca rbazole-0-ca rhoxyfo t r and 
studied its behaviour with nitric acid. Tetrahydrnearbazok- 
9-earboxylic acid (XIX) may be obtained by passing carbon dioxide 
into the ethereal solution of magnesium O-tHrnhydroearbazyl 
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iodide (IV), but it is an unstable substance which slowly loses carbon 
dioxide, with regeneration of tetrahydroearbazolc, at the ordinary 
temperature and very readily on warming. The sodium salt also 
rapidly decomposes, but the ethyl ester is quite stable, and may be 
readily obtained in a state of purity. The ethyl tetrah ydrocarbazoh- 
ei-carboxylatc used in our experiments was prepared from magnesium 
9 -tetrahydrocarbazyl iodide by the action of ethyl chloroformate ; 
it sepjrates from alcohol in colourless needles and melts at 65°. 

When it is treated with nitric acid in glacial acetic acid solution, 
oxides of nitrogen arc evolved and two substances produced, one 
of which is ethyl z>-nitrotetrahydrowrbazoh- ( J-carboxylate (XX ; 
m, p. 116°) because, on boiling with potassium hydroxide, it yields 
5 -nitrotetrahydrocarbazolc. 

The second substance, C 15 H 19 0 4 X, crystallises in colourless needles 
(m. p. 133°) and is evidently etkyl 10 : 11 •dihydroxyhexahydrocarbazole- 
\)-carboxylate (XXI), produced by the addition of two hydroxyl 
i/roups to the 10 : 11 -position exactly as happened in the case of the 
action of nitric acid on 9-acetyltetrahydrocarbazole. In proof of 
this, we find that, on hydrolysis with potassium hydroxide, the 
substance XXI yields ll-hydroxvtetrahydrocarbazolenine (XII). 
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The action of nitric acid in glacial acetic acid on ti-phenylacetyl- 
tetrahydrorarbazok, a crystalline substance, m. p. SO', readily ob- 
tained bv the action of phonylacetvl chloride on the ethereal solution 
of magnesium 9-tetrahydrocarbazyl iodide, follows the same course 
as in the corresponding cases of 9-acetyltclrahydrocarbazolc and 
ethyl tet rally drocarbazole-9-carboxy late. The product consists of 
iy-nitro-fy-jtheHyfacftyltitrakydrocarbcr.ok’ (XXII) and a substance, 
(LqHjjO^X, which melts at 109 : and is evidently S-phonjIacetyl- 
10 : 1 1 -dill yd roxyh ( xa h yd nx'a rha :ul r (XX III). 
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It has already been pointed out (T., 1921, 119, 1828) that the 
study of the nitration of tetrahydrocarbazole and its JV-suhstitution 
derivatives has brought to light examples of apparent reversal of 
the ordinary rules of substitution. When tetrahydrocarbazole or 
its 9-methyl derivative is nitrated in sulphuric acid solution, the 
nitre-group enters the 6- or para-position to the >NH or >NMe 
group, yielding in the case of tetrahydrocarbazole the 6-nitro- 
derivative (I). On the other hand, each of the iV-acyl derivatives 
investigated has yielded, on nitration in acetic acid solution, 
derivatives in which the nitre-group has taken up the position 5, 
which may be considered as met a to the > NH group. For example, 
9-acetyltetrahydrocarbazole yields on nitration 5-nitro-9-acetyl- 
tetrahydrocarbazole (III). These results are directly contrary to 
the usual experience, as is evident from the consideration of the 
following scheme : 
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In view of this discrepancy, wc have discussed the matter with 
Professor Itobinson and he has kindly suggested the following 
explanation. 

The experiments recorded in the present communication on the 
addition of nitric acid to the double linking in derivatives of tetra- 
hydrocarbazole clearly show that the ethylene linking in tetrahydm- 
carbazole is a very active one and the orienting influence is evidently 
transmitted through it. The nitrogen atom is responsible fur 
this activation of the bond, and the effect of the nitrogen atom 
on the aromatic nucleus must pass through this bond. This view 
clears up the whole difficulty because, in passing through the 
ethylene linking, position 5 becomes the para- and G the meta- 
position. The schemes of nitration of tetrahydrocarbazole, in 
sulphuric acid solution, and of 9-aeetyltetrahydrocarbazole then 
become : 
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In addition to the experiments on the action of nitric acid on the 
acvl derivatives of tetrahydrocarbazole recorded above, we have 
also made further attempts to find a satisfactory method for the 
conversion of derivatives of tetrahydrocarbazole into the corre- 
sponding derivatives of carbazole, Jn Part 1 of this investigation 
(he. cit p. 1830) we converted tetrahydrocarbazole into carbazole, 
and 9-mothvltetrahydrocarbazole into 9-methylcarbaznle, by boiling 
with mercuric acetate in acetic acid solution, but the yields were 
most unsatisfactory. We now find that better results are obtained 
when the solution of the tetrahydro-derivative in quinoline is boiled 
with the calculated amount of sulphur; this process is successful, 
pot only in the cases just mentioned, the yields varying from 15 — 30 
per cent, of those theoretically* possible, but also in the conversion 
of 9-acetyl tetrahydrocarbazole and O-bromotetrahydroearbazole into 
the corresponding carbazole derivatives. 


E.VPERI M E X T A L. 

Action of Sitrif Arid on 0- Benzoyl trim h yd roco rha : of r (V). Formation 
of 1 1 - n ifro •S-bcnzoylAQ - hydroxy ) ? c.ra hyd rora rUi zoic (VII). 

The solution of magnesium ethyl iodide obtained from ethyl 
iodide (32 grams), inagnoium turnings (4-8 grams), and dry ether 
(450 c.c.) is gradually mixed with tetrahydrocarbazole (34 grams); 
interaction proceeds steadily with evolution of ethane and is com- 
pleted by warming for a few minutes on the steam-bath. Addition 
of freshly distilled benzoyl chloride (28-5 grams) causes considerable 
evolution of heat, a heavy viscous layer separates and. after stand- 
ing, the whole is warmed fur a few minutes and decomposed by ice 
and water. The ethereal solution of the crude 9-benzoyltetra- 
hydroearbazolo is washed with dilute hydrochloric acid, dried over 
calcium chloride, filtered from a sticky brown substance, and the 
ether removed. A syrupy mass remains which cannot be made to 
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crystallise until it is distilled, when most of it passes over at 235^- 
265° /13 mm. as a pale yellow oil which, in contact with alcohol, soon 
crystallises and then separates from alcohol in colourless plates 
melting at 83° (Found : N — 5*0. C 19 H 17 ON requires N = 5-1 
per cent.). On boiling with aqueous alcoholic potassium hydroxide, 
this benzoyl derivative is readily hydrolysed and, on adding water, 
tetrahydrocarbazole separates . 

Action of Nitric Acid.— In this experiment, the solution of 9- 
benzoyltetrahydrocarbazole (14 grams) in glacial acetic acid (180 e.c.) 
was warmed at 30°, vigorously stirred, and nitric acid (5*1 grams of 
d 1*4) gradually added. In a few minutes a colourless, crystalline 
solid separated which, after remaining for four hours, was collected 
and washed with acetic acid. This substance (6*3 grams) — 11- 
nitro-§-benzoyl-lQ-hydroxyhemhydrocarbazole (VII) — melts at loO 3 
with evolution of oxides of nitrogen, and a similar decomposition 
takes place when it is boiled with glacial acetic acid (Found: 
C = 67 -5 ; H = 5-3; N = 8-3. C 19 H 1S 0 4 N 2 requires C — 67-5; 

H = 5*3 ; N = 8-3 per cent.). 

The action of potassium hydroxide on this substance is described 
in the next section. 

The acetic acid filtrate from the above substance yielded, on 
dilution with water, a yellow mass which, after two crystallisations 
from methyl alcohol, was obtained in bright yellow’ prisms melting 
at 140° and proved to be o-nitro^-benzoyltetrahydrocarbazolc (VI) 
(Found : N == 8'5. C 19 H 16 0 3 X 3 requires N = 8-7 per cent.). 

This benzoyl derivative was hydrolysed by boiling for half an hour 
with aqueous alcoholic potassium hydroxide and, on adding water, 
a yellow solid separated, m. p. 171 ; ; after recrystallisation, it was 
shown, by the melting point of the mixture, to be identical with 
5-nitrotetrahydrocarbazolc (m. p. 172') which had previously been 
obtained from o-nitro-9-acetyltetrahydrocarbazole by hydrolysis 
(T., 1921, 119, 1836). 

*4cricm of Potassium Hydroxide on 1 l-Nitro-9'benzoyl-\0 -hydroxy- 
hexahydrocn rbazol e (VI T). Formation of &- 0 ‘Benzoyl(imiiio- 
benzoyl valeric Arid , e-o -Aminobrnzoyholcric Acid , and y-4- 
Hyd roxy - 2 - ph-r n yh( n i not in r -^-butyric Acid (p. 678). 

In studying this decomposition, the 9-benzoyl derivative (13 
grams) was boiled for fifteen minutes with potassium hydroxide 
(26 grams) dissolved in water (180 c.c.) and alcohol (300 c.c.), and, 
after cooling and diluting with water, the clear solution was acidified 
with hydrochloric acid. 

Occasionally (i-o-bcnzoylaminobcnzoylvakric acid separates as a 
colourless solid, but more frequently as an oil which solidifies on 
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standing and rubbing ; it then melts at 124° and, after crystallisation 
fromalcohol, from which it separates in colourless needles (7 grams), 
at 126 (hound : 0 = 702; H = 5-9; X = 4-2 OH ON 
requires C = 70-2 ; H = 5-8 ; N = 4 3 per cent,). The strfKS 
18 obtained in silky needles on rubbing the acid with sodium carbonate 
or hydroxide solution; it dissolves in warm water and separated 
again on cooling. ^ 

When the acid (6 grams) is heated on the steam-bath for an hour 
with excess of potassium hydroxide (17 grams), dissolved in water 
110 c.c. a elear solution results from which, on eooling and acidi- 
fying with hydrochloric acid, crude y.4-Aydr 0 „ y .2.p Ae 4„ t „oh> (e . 
Uuty c acid which is described below, separates. The filtrate 
from this acid contains S-o-amiiiobe.iizoylmleric acid, which is isolated 
by making the solution just alkaline with potassium hydroxide and 
hen acid, fying with acetic acid. The acid (3 5 grams) is preeipi- 
tated as a pale yellow solid which melts at 129’, and this meltinv 
point is not altered by rcerystallisation from dilute alcohol, from 
which the acid separates in yellow prisms (Found- C- 6-7‘>- 
II = 6 8. CjjHjjOjX requires C = 65-2 ; H J 6-8 percent! “ ’ 
riiis acid dissolves in hydrochloric acid (1 vol. of concentrated 

a “, but almost immediately a crystalline mass 
of the hydrochloride separates. 

The addition of sodium nitrite produces a clear solution of the 
diazonium chloride, which couples with alkaline JJ-naphthol to give 
a red dye, and this behaviour confirms the presence of an amino- 
group. 

Attempts to prepare an oxime, phenylhydrazone, and semicarb- 
azone or the amino-acid were unsuccessful. 

j-4.//ydro J -y.2.pAc«y/y«,-»ofi«c-3./ndyri ( ' ririrf, -The crude arid 
obtained as described above, contains varying quantities of o-o’ 
ammobenzoylvaleric acid On boiling with toluene, this dissolves 
and, after filtering, is deposited from the filtrate in crystals, whereas 
the quinoline derivat ivc remains and may be purified by reeryatallis. 
ahon from dilute alcohol. The colourless needles which separate 
contain^ water of crystallisation (Found : 0 — f>!K8: H 6*1 ; 

~ ^i 9 W 17 0 j,X,H 2 0 requires C 70-2 : If .... r,.$ ; X = 4-3 

Fr cent.). On heating in a capillary tube, the loss of water is 
rapid at 160 and the residue melts shaq.lv at 226 ' (Found • 0 = 74 (1 
H-5-9; N = 5-0. C w H„Opc requires 0 = 74-3: H =- ;V5; 

A ’ Pc cent ). The yield of this acid whieh is produced from 
-rntro-fi-bonzoyhlO-hydroxyhoxahydroearbazole under the con- 
ions (escribed a hove was sm ;i II and did not amount to more than 
'J'o*) grain from 6 grams. 
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Action of Nitric Acid on 9-AcetyltelraJiydrocarbazoh . Formation 
of 0- Acetyl AO : 1 l-dihydroxyhcrahydrocarbazde (XI) and l\. 
Hydroxytetrahydrocarbazolenine (XII). 

The conversion of 9-acetyltetrahydrocarbazole'dnto the 5-nitro- 
derivative by the addition of nitric acid to the solution in much 
acetic acid has been described in the previous communication 
(T., 1921, 119, 1836). We have now ascertained that the inter- 
action proceeds in an entirely different direction in the presence of a 
much smaller quantity of acetic acid and under the following con- 
ditions. The acetyl derivative (16*5 grams), dissolved in glacial 
acetic acid (45 c.c.) at 30°, is mixed with nitric acid (7*S grams of 
d 1-4), diluted with acetic acid (12 c.c.). The temperature rises to 
60°, considerable quantities of oxides of nitrogen are liberated, and 
in a short time crystallisation commences. After several huurs, 
the solid is collected and washed with a little acetic acid; it now 
weighs 12 ’6 grams, melts indefinitely at 155 190 , and is evidently 
a mixture. If this mixture is dissolved in boiling alcohol (S00 c.c.) 
and the filtered solution allowed to remain undisturbed, 5-nitrod)- 
ace ty It e t ra hydroca rbazole alone separates in long needles molting 
at 174°. The filtrate from this substance deposits, on stirring 
and long standing, small, colourless, glistening plates which molt 
at 204°; the melting point is not altered by recrystallisation from 
alcohol. 

The mother-liquors yield, on concentrating, a crop of crystals 
which again are a mixture of the nitro-derivative and the substance 
melting at 204°. The original product of the action of nitric acid 
appears to consist roughly of 20 per cent, of the former and SO per 
cent, of the latter, which is 9-flcc/yZ-lO : 1 X-dthydroxyhcsahydro- 
carbazole (Found : C = 0$*0; H — 64); X — 5*4. 
requires C — 6S0; H — 6*9; X — 5*< per cent.). 11ns substance 
is verv soluble in warm alcohol and in boiling acetic acid a -id 
separates from the latter, on cooling, in well-developed, fiat prisms, 
which are sparingly soluble in benzene or light petroleum, and m-rc 
readily soluble in chloroform. It is coloured red by sulphuric acid 
and dissolves to a deep yellow solution; no immediate change is 
produced by the addition of a drop of nitric acid, but oil standing the 
colour changes to deep brown. 

.4 ction of PoUussi u tn Hydros id c . — 9- Acetyl- 10 : 1 1 - d i i i \ ( ^ U -V ^ 
hexahvdrocarbazole dissolves to a red solution when it (! •> 
is heated to boiling for half an hour with potassium hydruMic 
(3*2 grams), dissolved in water (10 c.c.) and alcohol (15 c.c.); eii 
adding water to the cold product, an oil separates which soon 
solidifies to a red mass. This substance, which is obtained m 
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almost quantitative yield, separates from light petroleum in long, 
orange prisms and melts at 79° (Found : C = 77-1 ; H = 6-o! 
C 12 H 13 ON requires C = 77-0; H = 6-9 per cent.). This analysis 
shows that the action of alkali on 9-acetyl-10 ; 11-dihydroxy- 
hexahydroearbazole had brought about the elimination of acetic 
acid. 

The substance C J2 H 13 ON has been named lbhydroxyletmhydro- 
carbazolenine, and its constitution is discussed on p. 6S0. It is 
soluble in hot water, yielding a nearly colourless solution possessing 
a pale blue fluorescence; the solution in methyl alcohol also has a 
striking fluorescence, but this is destroyed by the addition of a 
drop of ferric chloride without the production of any coloration. 
It is very soluble in benzene, but sparingly soluble in light petroleum, 
and separates from a mixture of these solvents in needles which have 
a red shade. The crystals on crushing yield a bright yellow powder. 
When heated in small quantities, the substance distils unchanged 
and without any residue, and the distillate solidifies to an orange- 
red, crystalline mass melting at 78 — 79°. 

The substance C 12 H 13 ON could not be made to combine with 
either methyl or ethyl iodide, but an acetyl derivative was obtained 
by boiling it with acetic anhydride for four hours. The product, on 
the addition of water, deposited an oil which soon solidified, and the 
acetyl derivative separated from light petroleum in colourless 
prisms (Found: 0 = 73*4; H = 6*5. C 14 H 15 0 2 N' requires C = 
73*4 ; H = 6*5 per cent.). 

ll-AcetoxyctrahydrocarhazoIcninc melts at 113° and is isomeric with 
acctyl-i' -indoxyl.sp/rocye/opentane (m. p. 104° ; see the next section). 
It is hydrolysed to 11-hydroxytetrahydrocarbazulcnine when it is 
warmed with methyl alcoholic potassium hydroxide. 

</'-/ ndo.njh pi rocy elope nlane (XV). 

ArflyI-cJudoxykinTocyc]<)i>i'‘'ta)ic (XIII) is obtained when 9- 
acetyl-10 : 1 1-diliydroxyhexahydnu-arbazole (X!) is either digested 
with acetic anhydride or simply strongly heated. (1) The 9-acctyl 
derivative (2-5 grams) was boiled with acetic anhydride (40 e.c.) 
for two hours and the clear solution, from which nothing separated 
on cooling, mixed with water and well shaken. The yellow solid 
which separated crystallised from alcohol in long, colourless prisms 
and melted at It (Found : C - 73 7 ; il « 0-;i. C n H J5 0 2 ^ 
requires (J •- 73*4; II -- 6- f> per cent.). 

(2) The 9-acetyl derivative (0T> gram) was heated in a sulphuric 
acid bath at 225*' for about thirty seconds, when it effervesced and 
watfT and some acetic acid distilled and condensed on the cold part 
of the test-tube. The residual brown syrup set to a resin, which 
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solidified when rubbed with methyl alcohol, and the substance then 
separated from methyl alcohol in colourless prisms melting at 104° 
(Found: C=73-3; H = 6*5; N = 61. C 14 H l5 O a N requires 
C = 734; H = 6*5 ; N = 6*1 per cent.). 

That the substances produced by the different methods I and II 
arc identical was proved by the method of mixed melting points. 

Acetyl-ij/-indoxylsipiTOcyc\opentane is readily soluble in hot methyl 
alcohol, but much less so in the cold, and separates in long, colour- 
less, fiat needles. It is very readily soluble in benzene, but sparingly 
soluble in light petroleum, and crystallises from the mixture in well, 
developed, fiat prisms. The solution in concentrated sulphuric 
acid is colourless and no colour develops on the addition of a drop of 
nitric acid. The acetyl derivative distils at a high temperature 
without decomposition, since the distillate melts directly at 98 — 
102° and, after recrystallisation, at 104°. The hydrolysis of this 
acetyl derivative may be brought about by boiling the substance (1 
gram) for half an hour with potassium hydroxide (3 grams), dissolved 
in water (10 c.c.) and alcohol (15 c.c.). The solution, on cooling and 
diluting with water, deposited an oil which soon solidified to a colour- 
less mass melting at 112° and, after recrystallisation from light 
petroleum, from which it separated in colourless plates, at 113° 
(Found : C = 77*0 ; H = 7*1. C 12 H 13 ON requires C ^ 77 0; 
H — 6-9 per cent.). Another method which may be used for the 
hydrolysis of acetyl-iMndoxylsp/rocyc/opentanc is treatment with 
magnesium methyl iodide. The acetyl derivative (2 grams) was 
added to an ethereal solution of magnesium methyl iodide, prepared 
from magnesium turnings (0*85 gram) and methyl iodide (5 grams), 
and, after boiling for half an hour, the whole was decomposed by 
dilute hydrochloric acid. The ethereal solution, dried over sodium 
sulphate and evaporated, deposited an oil which soon solidified and, 
on crystallisation from alcohol, colourless plates of pure C-itidoxyh 
spirocyclopcWfffie were obtained melting at 113°. 

Experiment showed that magnesium methyl iodide may be 
employed in a similar manner for converting 9-acetyltetrahydioearb- 
azole into tetrahydrocarbazole. 

ii<- Indo xyhYiirocyclopetitane is not dissolved by boiling dilute acids 
or alkalis and does not yield a nitroso-derivative when sodium 
nitrite is added to the alcoholic solution containing hydrochloric 
acid. It is not acted on by methyl or ethyl iodide or when methyl 
sulphate is added to its solution in dilute methyl alcoholic potassium 
hydroxide. It does not react when its alcoholic solution is boiled 
with concentrated aqueous semiearbazide acetate. Boiling with 
acetic anhydride converts it into ace ty 1 4 * i ndo xy 1* pi rocycl open t aim 
(m. p, 104°. See above.). 
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Action of Dilute Nitric Acid on ^-Indoxytepirocycfopentane. Form- 
ation of Q-Nitro-if/’indoxyhpirocydopentane (XVII). 

One of the most remarkable properties of \j,-mdoxy\spirocydo- 
pentane is the ease with which it is nitrated even by quite dilute 
nitric acid, the yield of nitro*derivative being almost quantitative. 
The substance (1-2 grams) was added to a mixture of nitric acid 
(10 c.c. of d 1 4) and water (40 c.c.), and the whole gradually heated 
and finally boiled for three minutes with constant shaking. The 
green oil first formed soon solidified to a yellow, crystalline mass, and 
this was collected, well washed, and crystallised from alcohol, from 
which it separated in yellow-brown prisms melting at 229° (Found : 
C - 62*7 ; II = 5*4 ; N = 12 0. C 12 H 13 0 3 N 2 requires C = 62-1 ; 
H ---- 5*2 ; N = 120 per cent.). 

\)-Xitro-iJ/-iiidoxyhj)\TOcyc\opentane, like ^-indoxyl spirocyclo- 
pentane, is insoluble in boiling dilute aqueous sodium carbonate, 
but it differs from the parent substance- in being readily dissolved to 
a deep yellow solution by warm dilute sodium hydroxide. If the 
solution is concentrated, the yellow sodium derivative separates, 
which is readily soluble in water; addition of hydrochloric acid 
discharges the colour and the 9-nitro-derivative separates. 

9 - N itro - 6-me/AyZ - $ . tWory/gpirocvcIo. pentane (X VIII) . - - This 
characteristic derivative is obtained when 9-nitro-^-indoxyl spiro- 
cyclopentanc, dissolved in excess of warm dilute sodium hydroxide, 
is vigorously shaken with an excess of methyl sulphate. After 
heating for twenty minutes on the steam-bath, the methyl derivative 
is collected and recrystallised from alcohol, from which it separates 
in colourless plates melting at 142° (Found : C = G3*3; H = 5-7. 
C 13 Hi 4 0 3 N 2 requires C — 63-4; H — 5*7 per cent.). 

When t lie substance was heated with hvdriudio acid, under the 
usual conditions of the Zeisel experiment, no methyl iodide was 
obtained; it is therefore evident that the methyl group is attached 
to nitrogen and is not present as methoxyl. 


Tetrahydroca rbazoU - 9 - carboxylic Acid (XIX). 

This very unstable acid is obtained when carbon dioxide reacts 
with the magnesium iodide derivative of tetrahydrocarbazole. 
Magnesium ethyl iodide, prepared from magnesium (1-6 grams), 
ethyl iodide (10*6 grams), and dry ether (50 c.e.). was gradually 
mixed with tetrahydrocarbazole (11*3 grams); when interaction 
was complete, a slow' stream of dry carbon dioxide was passed, a 
sticky brown substance separating. On adding hydrochloric acid 
(12 c.e.), diluted with an equal volume of water, the acid separated as 
a colourless solid, which was collected, washed with dilute hydro- 
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chloric acid, and left to dry on porous porcelain, The tetrahydro - 
carbazoh-9 -carboxylic acid obtained in this way is, however, never 
quite free from tetrahydrocarbazole, because the free acid gradually 
decomposes on keeping with loss of carbon dioxide, a decomposition 
which is much accelerated by warming. The solution of the acid 
in sodium hydroxide also gradually decomposes with separation of 
tet ra hydroearbazole. 

The Ethyl Ester . This derivative, unlike the free acid, is quite 
stable and may be conveniently prepared in the following manner. 

Tetrahydrocarbazole (5-8 grams) is gradually added to magnesium 
ethyl iodide, prepared from magnesium (0-8 gram), ethyl iodide 
(5*3 grams), and dry ether (100 e.c.), and the whole is warmed for 
a few minutes to complete the reaction. Ethyl chloroformate 
(3*7 grams), dissolved in a little dry ether, is then run in slowly 
when interaction takes place readily with evolution of heat and a 
colourless solid separates. After remaining for an hour, the whole 
is decomposed by dilute hydrochloric acid, the ethereal solution 
well washed, dried over calcium chloride, and the solvent removed 
by evaporation. The oil which remains crystallises in contact with 
alcohol and separates from this solvent in colourless, silky needles 
melting at 65 3 (Found : N = 5*9. C 15 H 1; 0 2 X requires X -- 5*8 
, per cent.). 

When ethyl tetrahydrocarbazole Gearbox ylaie is boiled with alcoholic 
potassium hydroxide, it is readily hydrolysed, and. on adding water, 
tetrahydrocarbazole separates. Attempts to convert the ethyl 
ester into the corresponding amide by heating with ammonia were 
unsuccessful. 

Action of Xitric Acid on Ethyl Tctrahydroctirbazoh-Q-carboxylak'. 
As in the case of 9-acotyltetruhydrocarhazolc, the action of nitric 
acid on this ester gives rise almost exclusively to two products, 
namely, ethyl n-nitrototrahydrocarliazoledt-carboxylate (XX.) and 
ethyl 10: 1 1 ydroxyh exa kydroca rha :o/e- 9 -r « rbo.n/hite (XXI). The 

separation of these substances may be comparatively easily aceum- 
.plished if the following conditions arc ohsrrwd. The ester M2-2 
grams), dissolved in glacial acetic acid (20 e.c.) at the ordinary 
temperature, is gradually mixed with nitric acid (5 grains of d 14) 
diluted with acetic acid (5 e.c.), the whole being well stirred and care 
being taken that tin* temperature does not rise above 50°. During 
the action, oxides of nitrogen are liberated in quantity, and a char 
solution results from which yellow needles of ethyl r>-ni(rotctrahijdro- 
airbazole-^-carboxylme soon begin to separate. 

After standing for some time (usually about an hour), colourless 
crystals begin to appear. The whole is then immediately filtered 
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and the residue recrystallised from alcohol, from which the nitro- 
ester separates in long, yellow needles melting at 116° (Found : 
N = 9-9. C 15 H 1G 0 4 N 2 requires N - 9-7 per cent.). 

When ethyl o~nitrotetrahydrocarbazolc-9-carboxylate is boiled 

for a few minutes with aqueous alcoholic potassium hydroxide, a 
deep red solution is obtained, from which 5-nitrotetrahydrocarbazoIe 
(m. p. 172°) is precipitated on the addition of water. 

The acetic acid mother-liquors of the 5-nitro-cster deposit, on 
long standing, a mixture of ethyl 10 : 11-dihydroxyhexahydro- 
carbazole-9-carboxylato with small quantities of the 5-nitro-ester 
and these substances may be separated by fractional crystallisation 
from alcohol, the 5-nitro-cster crystallising first. By repeating the 
process, ethyl 10 : 11 -dihydroxyhexahydrocarbazoh^ j a 

obtained pure in colourless needles melting at 132- 133° (Found : 
C = 65*1 ; H = 6-7 ; X — 4-8. C 15 U 19 0 4 N requires C = 65-0; 
H = 6-9 ; X = 5-0 per cent.). 

On boiling this ester with a solution of potassium hydroxide in 
aqueous alcohol, a deep red solution results, from which a red solid 
separates on the addition of water, this substance separated from 
light petroleum in orange prisms, melted at 79°, and was shown by 
a mixed melting point determination to bo 1 1 -hydroxy tet rah ydro- 
earbazolemne (XII). 


9 - Pkc n y! aceiylldrah ydrocarba : ole . 

This substance may be obtained by a method similar to that 
employed in the preparation of the corresponding bonzovl derivative 
(p. 685). 

Tetrahydrocarbazolc (17 grams) is added to the Grignard com- 
pound prepared from magnesium (2*4 grams), ethyl iodide (15-6 
grams), and dry ether (100 c.e.), and then phenylacetyl chloride 
(15-5 grams), dissolved in a little ether, gradually run in with 
continuous stirring. After warming for a few minutes, the mixture, 
from which a sticky oil will have separated, is decomposed by dilute 
hydrochloric acid, the ethereal solution washed, dried over calcium 
chloride, and the ether removed, when crude 9-phenylacotyltetra- 
lu droearhazole remains as an oil which gradually becomes partly 
solid. As this crude product could not be purified by crystallisation, 
it was distilled and the fraction 270 -280° .13 mm. stirred with 
alcohol, when it crystallised and the substance then separated from 
alcohol in long needles melting at 86°. The yield did not amount to 
niore than 35 per cent, of that theoretically possible (Found ; 
^ — 4-7. (yi w OX requires X — 4-8 per cent.). 

dc/nm of Nitric Acid . — On treatment, w ith nitric acid, 9-phcnvI- 
acelyltetrahydrocarbazolo behaves similarly to the corresponding 
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acetyl derivative (p. 688). The phenylacetyl derivative (7*5 grama), 
dissolved in glacial acetic acid (20 c.c.) at 60°, was gradually mixed 
with nitric acid (2-7 grams of d 14), when the temperature rose to 
80°, oxides of nitrogen escaped, and almost immediately yellow 
needles began to form. After five hours, the precipitate was col- 
lected and recrystallised from much alcohol, from which 5-mVro- 
9 - phcn ylacelyl tctrahyd rocarbazole separated in yellow needles melting 
at 17S° (Found : N — 84. C 20 H 18 O 3 N 2 requires N = 84 per cent,). 

The constitution of this substance was proved by hydrolysis with 
aqueous alcoholic potassium hydroxide in the usual manner, when 
it yielded 5-nitrotetrahydrocarbazole. 

The acetic acid mother-liquors of the 5-nitrod)-phenylaeetyl 
derivative gradually deposited small, colourless, glistening prisms; 
after remaining over night, these were collected and rccrystallised 
from alcohol, from which the new substance separated in colourless 
prisms melting at 169" (Found : C = 74-1 ; H = 6*6. C 20 H 21 () 3 X 
requires C = 74*3 ; H = 6*5 per cent.). This substance is clearly 
O-pkcnylacctyl-lO : W-dihydroxyhcmhydrocarbazole (XXIII), as the 
following behaviour proves. The substance (0*9 gram) was heated 
with acetic anhydride (17 c.c.) to boiling for four hours, and the 
clear solution mixed with water, when an oil was deposited which, 
in contact with light petroleum, soon crystallised. On recrystallis* 
ation from alcohol, colourless plates separated which melted at 7<S 2 , 

That this substance is G-phenylacetyl^-indoryhpivoaycloprutfMe 
w as shown by hydrolysis with aqueous alcoholic potassium hydroxide, 
when it yielded crystals melting at 113° which wore proved by a 
mixed melting point determination to be ti-indoxylspiTOvycW 
pew/nite (XV’). 

Action of Sulphur on Tetmhydrorarbazolr and its Derivative*. 

Owing to the fact that carbazole and its derivatives react with 
sulphur with evolution of hydrogen sulphide, it is necessary to 
employ only sufficient sulphur to remove the added hydrogen. The 
best results were' obtained when the reactions were carried out in 
the presence of some high-boiling solvent such as naphthalene or 
quinoline. 

Conversion of Tetrahydrocarbazolr into (\irbazole. — -Tetra hydro- 
carbazole (6 grains) and sulphur (2-25 grams) wore heated with 
quinoline (20 c.c.) to boiling for thirty minutes, during which 
hydrogen sulphide escaped. The product was poured into a mixture 
of ice and excess of dilute hydrochloric acid, and the yellow-brown 
precipitate collected, washed with water, dried, and extracted with 
boiling toluene. On cooling, a mass of almost colourless crystals 
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(1*8 grams) separated, which melted at 230° and consisted of car- 
bazole. In this and other similar experiments, pure quinoline must 
be used, because if crude coal tar quinoline is employed, a resinous 
product results from which very little crystalline substance can be 
extracted by toluene. 

In testing the general applicability of this process the following 
experiments were made. 

q.Mdhyltdrahydroairhazole, (3 grams), sulphur (105 grams), and 
quinoline (10 c.c.) were heated together for twenty-five minutes. 
On pouring the product into dilute hydrochloric acid, an oil sepa- 
rated, which soon solidified. The substance, which melted at 
S3--84 0 after crystallisation from alcohol, consisted of 9-methyl- 
carbazolc (m, p. 86°), as a mixed melting point showed. The 
vield was, however, only 15 per cent. 

y-AcetyltPtrahydrocarbazolc (5 grams) was then heated with 
sulphur (1*5 grams) and quinoline (15 c.c.) to boiling for half an 
hour. On treatment with dilute hydrochloric acid, an oil resulted 
which soon solidified to a brown mass, and this separated from light 
petroleum in needles melting at about 09’. That this substance 
was nearly pure 9-acetyIearbazolc (m. p. 75 s ) was shown by a mixed 
melting point determination. The yield was about 22 per cent. 

6 -Bromletrahydrocarhazok (3-2 grams) was boiled with quinoline 
(10 c.c.) and sulphur (Cb82 grain) for twenty-five minutes, and the 
product poured into dilute hydrochloric acid, when a yellow solid 
was obtained which, after crystallisation from toluene, melted at 
about 180°, the yield being 20 per cent, of theory. That this 
substance was nearly pure 3- hromocarbazole (in. p. 197 : ) was shown 
bv a mixed melting point determination, carried out with a specimen 
of this substance which had been obtained by brominating 9-acetyl- 
carbazole and then removing the acetyl group. 

Borsche. Witte, and Bothe (Annalnt, 1908. 359. 58) found that 
tetrahydroearbazolc and certain of its derivatives can be oxidised 
to carbazole, etc., by distilling over lead oxide, but their method 
fails in the case of halogen- or nitro*dcrivati\es. We ha^e 
also found that the sulphur process is not applicable to G-nitro- 
tetrahyd roca rbazolc , the product being black and resinous. An 
experiment was also made on the action of sulphur (1-6 grams) on 
the boiling solution of ethyl tetrahydmcarhazole-9-earboxyIate 
(6 grams) in quinoline (15 c.e.). but the product, on extraction with 
toluene, yielded only carbazole (1*4 grams). 

Tin: Dyson Perrins Laboratory, 

Oxford. [Hcccived, January 22 nd, 1923.] 
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LX XXII. — The Conditions of Reaction of Hydrogen 
with Sulphur . Part I. Direct Union . 

By Ronald George Wreyford Nourish and Eric Keightley 
Rideal. 

The interaction of hydrogen and sulphur at temperatures below 
the boiling point of the latter has been investigated by Haute- 
feuille ( Compt . rend,, 1867, 64, 610), Pelabon (ibid., 1897, 124, ((SO), 
and Bodcnstein {Z. physikal. Chem., 1S99, 29, 315). The work of 
the latter two investigators was, however, in disagreement, and 
after a somewhat lengthy controversy (Duhcm, ibid., p. 7U- 
Bodenstein, ibid., 1899, 30, 567) the whole subject was apparently 
dropped and left in an unsatisfactory condition. 

Pelabon ( loc . cit.) states that combination between hydrogen and 
sulphur occurs down to a limiting temperature of 215°. Between 
the latter temperature and 350° combination is limited, but not by 
the reverse reaction, since hydrogen sulphide is not appreciably 
dissociated at these temperatures. In other words, according to 
this investigator the state of equilibrium obtained is different 
according as hydrogen sulphide or a mixture of hydrogen and 
sulphur is heated. Above 350°, the same equilibrium is attained 
from both sides. Pelabon cited these facts as evidence for including 
the formation of hydrogen sulphide from its elements in the class 
of reactions showing false or suspended equilibrium. 

Bodenstein {he. eit.), on the other hand, who repeated IVIabon'a 
work, obtained no evidence of suspended equilibrium, the produc- 
tion of hydrogen sulphide from its elements proceeding normally 
according to a unimolecular law down to a temperature of 234'. 
It appears probable that the methods adopted by these two authors 
are open to several important errors. First, Pelabon [Com pi. 
rend., 1S97, 124, 35) has shown that molten sulphur dissolves 
hydrogen sulphide in quantities increasing with the temperature 
to which the system is heated, the gas being liberated on solidific- 
ation of the sulphur. Under their conditions of experiment, this 
evolved gas would vitiate the results of both Bodenstein and I'ela- 
bon, being added to the equilibrium quantity of hydrogen sulphide 
measured after the cooling of their bulbs. 

Secondly, it is uncertain from the work of Pelabon and Boden- 
stein whether the walls of the vessels exerted any catalytic effect. 
The fact that Bodenstein obtained a gradual increase in the tem- 
perature coefficient of the reaction, for example, from 134 between 
234' and 283° to 177 between 310 : and 356°, is not in harmony 
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with Ms conclusion that tho reaction is homogeneous and confined 
to the gaseous phase. 

In view of the possible errors inherent in the static methods 
adopted by the above investigators, and also as a result of experience 
obtained from some personal attempts at a static method, the 
authors came to the conclusion that a dynamic method of inves- 
tigating tiie problem might throw new light upon it. The streaming 
method described below has the advantage that the same vessel 
can be used throughout, thus keeping surface effects constant, 
and is free from the error consequent upon the solution of hydrogen 
sulphide by molten sulphur, described above. 

Km:. 1. 



A. lU-Arfion vi‘.sft*l. 

B. Absorbing potash solution, 
(ias ring supporting but li. 

L). Thormnslat bath. 


K. S( jvw clip regulating gas flow. 
F. Sulphuric acid wash* buttle. 

(1. Stirrer. 


It has been found possible to show that the combination of 
hydrogen and sulphur takes place by way of two reactions, a 
gaseous and a surface reaction, the former being predominant 
above J8n (for the vessel employed), and the latter more important 
below this temperature, the temperature coefficients of the two 
reactions being constant, but widely different in value. 


K X r E It I M K S T A L. 

A Claiscn flask of about 60 o.c. capacity was carefully cleaned 
with chromic acid, distilled water, and methyl alcohol, and finally 
dried. Into it one gram of pure sulphur was weighed, and the 
top of the side tubulure sealed up. Into the main tubulure a tube 
was sealed, passing to the tent re of the flask, for the delivery of 
hydrogen (Fig. 1). The hydrogen used was obtained from a 
vol. exxm. " B „ 
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Table I. 


Pressure of hydrogen = 0810 atm. 

Rate of flow of gas = 136 c.c. per hour. 


Temp. 

No. of 
estimations. 

Colorimeter 
reading 
divided by 
t ime in 
minutes. 

Crams of 

H 2 S formed 
per see. X 10 8 . 

Log (wt. H s s 
formed per 
second). 

LMi.V 

10 

0-273 

102 

-7-9914 

ii s.~* 

14 

0-884 

3*31 

- 7-4802 

305 


4- 58 

17-2 

-—<>■7 til. 7 


10 

12-0 

48- 1 

- li-3179 


” 

41-9 

157-0 

5- SO 4 1 

Temp. 

'Parle 1 

Pressure of hydrogen - 
Rate of How of gas - 

Colorimeter 
reading 
divided by 

No. of time in 

estimations. minutes. 

[|. 

0 3(4 atm. 

136 c.c. per hour. 

Grams of 

11 2 S formed 
per see. X 1U 8 . 

Log (wt. 1LS 
formed pci 
second). 

2t>5 J 

15 

0219 

0-82 

-- 80S<i2 

2 SO 

11 

0 592 

2-21 

-7-O.Mii 

305 

10 

1-74 

<>•49 

-7-18TS 

325 

12 

tv I t 

23-0 

u-tel 

340 

15 

181 

07-8 

- ti- 10S8 


cylinder of electrolytic hydrogen, and was stored in a gas-holder. 
It was purified from oxygen by passing over a heated spiral of 
copper gauze and finally dried by passage through a wash-hottfe 
containing sulphuric acid. The hydrogen was allowed to flow 
through the sulphur bulb, maintained at a constant temperature 
in a bath of the eutectic mixture of jH)tassium and sodium nitrate. 
When this bath was kept well stirred, it was found possible to 
regulate the temperature to 0v>\ The hydrogen sulphide formed 
was carried forward in the gas stream and absorbed by bubbling 
the effluent gas through caustic potash solution. 

By regulating the speed of bubbling, the rate of gas flow was 
kept constant. - Under these conditions, when the system had 
attained equilibrium, the velocity of the reaction at a given tem- 
perature could be measured by estimating the hydrogen sulphide 
absorbed by the potash over a given interval of time. This was 
accomplished colori metrically. The solution was acidified with 
acetic acid, and the sulphide precipitated as colloidal lead sulphide 
by the addition of excess of lead acetate solution. The brown tint 
of the solution so obtained was then compared in a colorimeter 
with that of a standard, freshly prepared from a solution of bad 
acetate containing O'0-o gram per litre. 

The reaction was carried out at various temperatures for 
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different pressures of hydrogen, by diluting the gas with nitrogen. 
The results obtained are given in Tables I and II. 

If the logarithms of the velocities are plotted against time (curves 1 
and II, Fig. 2), it will he observed that straight lines arc not obtained. 
The curvature in fact confirms Bodcnstcin’s observations {Ion. cit.) 
that the temperature coefficient of the reaction increases gradually 
with temperature. 

If, however, \vc plot the logarithms of the differences of corre- 
sponding velocities for the two pressures against temperature, we 
obtain a straight line (curve Iff, Fig. 2). This fact led us to the 
conclusion that there are two reactions proceeding concurrently, a 


Fm. 2. 



i\ tup. 

surface reaction and a gaseous reaction, and that the former, 
assumed independent of pressure and therefore constant, disappears 
uii taking the difference of the corresponding velocities. 

Curve III thus refers to a gaseous reaction proceeding at pressure 
U'810 — 0 304 — - (J’oOti atmosphere. Assuming this reaction to be 
directly proportional to the pressure, we can obtain from it by 
simple proportion the velocities of the gaseous mictions at the 
pressures employed, that is, IKSlU and (Kidd atm. The logarithms 
of these velocities, plotted against temperature, give of course two 
straight lines parallel to eurve III (curves IV and Fig. 3). 1 he 

surface reactions at the two pressures employed can now he deter- 
mined by subtracting the gaseous velocities, obtained as above, 

u B 2 
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from the corresponding observed total velocities. These, on our 
hypothesis, should be equal, being independent of pressure. That 
this is so will be seen by referring to Table III ; column 2 gives the 
antilogarithms of points taken from curve It T. In columns 3 ami 4 
are recorded the gaseous reaction velocities calculated from them as 
described above. Columns 5 and (5 give surface reaction velocities 
calculated from curves 1 and IV and from curves II and V, respec- 
tively; column 7 gives the mean surface reaction velocity. 


Fig. 3. 



Table III. 


Temp. 

23 5 
305 
325 
340 


Antilog*, 
from 
curve 
ill ... 10\ 
0-133 
Hut 
5 Ol 
25- 1 
Sfl- 1 


tut* react 
iu grams per 
second 
O-Slo 
Atm. 

U-MIhi 
1-tio 


40 

142 


< ln s . 
0-304 
Atm. 
01 13 
n- (in 
3-ol 
15-1 
53-5 


Oslo 
Aim. 
(.(•72 
171 
3-4,3 
7<n» 
14 4 


ui face n act. 
•Is. in grams 
second 10*. 

0-310 
Atm. 

0 71 
1-til 
3-4 K 
7-00 
14 3 


Mean 
0-715 
1 •(’.(» 
3-4 S 
7-00 
14-35 


b.g>. 

.-uriaco 

velocity. 

— 3- 140 

— 7- 73d 

— • 7 453 

— 7- l*i- 
• 1 . 1-343 


Finally, it will be observed that if the logarithms of the calculated 
surface velocity arc plotted against temperature (cune \ I. 1 ig- 
a straight line is obtained whose slope is less than that of the gaswu> 
reaction. This indicates that the surface reaction has a perfectly 
definite and constant temperature coefficient, less than that n 1 |p 


gaseous reaction. 
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The temperature coefficients of the two reactions may be calcu- 
lated from the slopes of curves IV and V and of curve VI, giving 
the values, gaseous reaction 2*26, surface reaction 1*48. 

The fact that a straight line is finally obtained by plotting the 
logarithms of the surface reaction velocities against temperature is 
strong confirmation of the assumption adopted for dealing with the 
experimental curves, namely, that the gaseous reaction is propor- 
tional to the pressure, and the surface reaction independent of the 
pressure. The variable temperature coefficient of the reaction 
first observed by Boden stein is thus a result of the combination ot 
two reactions, surface reaction and gaseous reaction, possessing 
constant but widely differing temperature coefficients. 

The Surface Head ton. 

As a result of experiments carried out using flasks of different 
internal surface area, it was found possible to show that the surface 
action is directly proportional to Hie area of the internal surface 
of the reaction chamber, and thus independent of the quantity of 
sulphur present. This quantitative observation was borne out by 
the observation that on removing the reaction flask suddenly from 
the bath, the whole internal surface was covered with a thin film 
of liquid sulphur, which quickly solidified to a coating of feathery 
crystals. 

Five reaction flasks of the type described above, varying in 
volume from 260 e.e. to e.c., after cleaning and drying, were 
each charged with 1 gram of sulphur. One of the flasks (Xo. 4) 
was that list'd in the experiments already detailed. The flasks 
were then connected through calcium chloride tubes with a source 
of pure hydrogen at atmospheric pressure and evacuated and filled 
with the gas three times. They wen* all heated in the same oil- 
bath, kept well stirred at LVili for three hours. The effluent gas 
from each flask was passed into fiu e.c. of A’ 10O-caustic soda 
solution; finally, the flasks wen* all allowed to cool to laU in 
a current of hydrogen, the total hydrogen sulphide formed in 
each under identical treatment thus being collected in the respective 
soda solutions. The estimation was carried out colorimetrically 
as before; the results an* ”iwn in Table IV. Columns 2, 3, 
4, and 5 give the various dimensions of the liasks employed, the 
total internal surface being computed from the formula 

•v - 4-r- 2 t(i> j ; f Oh 

when* r is the radius of the flask, / the effective length of the hydrogen 
delivery tube, Pl and p. £ the internal and the external radius of the 
delivery tube. Columns 0 and 7 give the surface and volume 
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reactions, calculated from the known surface and volume reactions 
in flask 4 (see curves IV, V, and VI), on the assumption that the 
surface reaction is proportional to the total internal surface of tlu- 
vessel, and the gaseous reaction to the total volume. 

Table IV. 

Effective Calc. C-alc. Total Total 

length surface volume calc, observi-d 

of Hj action, action. action, action. 

Internal delivery Total Total Grums of Crams of Grams of Grams of 


Flask 

radius. 

tube. 

surface. 

volume 

H,Sx 

H 2 S x 

H.,S < 

If ,R '■ 

No. 

Cm. 

Cm. 

Sq. c-m. 

(\e. 

UK 

10 ;> . 

1 (K 

Ill 1 , 

1 

3-1)5 

50 

21S 

251) 

1*25 

0*55 

1*80 

1*83 

2 

3-45 

4-0 

101) 

172 

0*07 

0*30 

1*33 

1*35 

3 

3 05 

30 

13u 

150 

0 75 

0*25 

1-00 

1*00 

4 

2- 00 

2-5 

1)5-1) 

73-0 

O 55 

0*150 

0700 

0*70(1 

5 

2 >00 

2*5 

til-5 

33*5 

0*352 

0*071 

0*423 

0*538 


The very close agreement between the calculated and observed 
values in columns S and 9 may be taken as strong proof that the 
surface reaction is directly proportional to tin 4 total internal surface 
of the reaction vessel. 

In the light of the results of the present paper it is now possible 
definitely to assert that there arc no grounds for IVlabon s con- 
tention (loc. c/7.) that the reaction between hydrogen and sulphur 
shows false equilibrium between 350 c and 215 J . His results arc 
simply due to the fact that he did not heat his bulbs long enough 
for equilibrium to be established. With the help of the curves for 
the surface and the gaseous reactions in Fig. 3, and knowing also, 
from the volumes given by IVlabon. the ratios of the surfaces and 
volumes of his bulbs to the surface and volume of our reaction 
vessel, it is possible to calculate tin* percentage of hydrogen sulphide 
which should have been formed in each, assuming the surface and 
volume reactions to proceed perfectly regularly according to the 
principles laid down above. 

In Table V the calculated percentages, shown in comparison with 
lYlabon ! s experimental data, wen* obtained neglecting the reverse 
reaction of decomposition of hydrogen sulphide, which is known 
to be very small at the temperatures of the experiments, and also 
on the assumption that IVlabon filled his bulbs with hydrogen 
at atmospheric pressure, and sealed them at the ordinary tem- 
perature before heating. 

The close parallelism between the calculated and the observed 
percentage of hydrogen sulphide in IVlabon s bulb is strong con- 
firmation that the reaction therein was proceeding normally, that 
is, he obtained no loss hydrogen sulphide than one would have 
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Tabljs V. 



Hours of 

Volume of 

Temp. 

heating. 

bulbs (c.c.). 

220° 

624 

715 

225 

237 

7-0o 

280 

162 

713 

310 

168 

7-45 

350 

27 

6-55 


Surface 

Observed 


of bulbs 

percentage 

Calculated 

(sq. f-rn.), 
calc, from 

of H,S 
at end 

percentage 
of H 2 S 

volumes. 

(I'elabon). 

at end. 

179 

21 

4*7 

17*7 

120 

10-7 

1 7*9 

33*0 

40* S 

1*4 

001 

100 

16*0 

07*0 

100 


expected from his times of heating, and his figures thus cannot 
be taken as evidence of any false equilibrium existing in the 
bulbs. 


The Reaction Kinetics of the Interaction of Hydrogen and Sulphur. 

For the surface reaction to be independent of pressure, as found 
experimentally, it is necessary either that the surface of the sulphur 
is practically entirely coated with hydrogen sulphide under the 
conditions of the experiment, and that the observed rate of reaction 
is simply the rate of evaporation of hydrogen sulphide from the 
covered surface, or that the surface is completely covered with 
hydrogen and that the hydrogen molecules on the surface react, 
as the sulphur molecules become active, at a rate dependent 
only on the temperature, hydrogenation taking place and the 
hydrogen sulphide being removed by evaporation as quicklv as it is 
formed. 

It will be shown in a later paper on the catalytic effect of oxygen 
gas on this reaction that the latter assumption only is in accord 
with facts. From the temperature coefficients of the gaseous and 
surface reactions we can calculate the “ critical increment “ or 
energy of activation of the two reactions. In order to obtain the 
true temperature coefficient for the gaseous reaction, it is necessary 
t° correct the velocities of formation of hydrogen sulphide at 
different temperatures for increasing vapour pressures of the 
sulphur. 

Assuming the reaction takes place between sulphur atoms and 
hydrogen molecules, the true velocity constant of the gaseous 
reaction at a given temperature, t\ is given bv : 

and that, at {f -{- 10) " j* 

V, - L X C Ut x C',, 

^hero C s and (.-' s represent the concentrations of sulphur atoms 
,n ie \apour at t° and ( t t- 10)°, respectively, Cg 2 refers to the 
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concentration of the hydrogen, V x and V 2 are the velocities of 
hydrogen sulphide formation, and k 1 and k\> the corresponding true 
velocity coefficients. 

Thus hIK - V,l\\ X CsIC',' But 4#, is the true tem- 
perature coefficient, V. 2 jV l the apparent, temperature coefficient 
(that is, 2*26 from curves IV and V, Fig. 3), and C g/C* is the tem- 
perature coefficient of the increase of free sulphur atoms in the 
vapour. Since, at the temperatures of the experiments, practically 
all the sulphur vapour is in the form and dissociation probably 

takes place according to the scheme ^ ^ .. » we ma y wr ^ e 


C'sjC* = \V' & J\V A t = XP'!\ ! P, 

where F and P are the corresponding vapour pressures of sulphur 
at t -f 10* and t°. 

Bodeiistein [Z. physical. Cham 1899, 29, 315) gives the following 
values for the vapour pressure of sulphur : 


Whence it follows that \ P'j\ P — 1 933. 

Thus the true temperature coefficient of the gaseous reaction is 
kjk l - 2 * 204*933 - 2 19 . 

The heats of activation calculated from the temperature coefficient, 
T48, for the surface reaction, and the temperature eoeflkiniti 
2*19, for the gaseous reaction, are as follows : 

Surface reaction 

Gaseous reaction 


It will be observed tlmt the beat of activation of the gaseous 
reaction is exactly double that of the surface reaction. 

Viewed in the light of the activation theory of chemical action, 
this fact is of great interest. It would appear that exactly two 
quanta of active energy arc necessarily absorbed in the gas reac- 
tion, to one quantum in the surface reaction. It may, however, 
mean that the activation of the sulphur molecules can take place 
in one stage or in two stages. In the gaseous reaction, Wot 
combination between sulphur atoms and hydrogen |" uuu '- 
take place, the sulphur molecules must be fully activated by 
absorption of both quanta. In the case of the surface reaction, 
however, we may suppose that the adsorbed hydrogen mo ' 
adhere to the sulphur molecules, semi-activated by the a sorp 
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one quantum, leading to the formation of a surface layer composed 
almost completely of hydrogen molecules. 

This adsorbed hydrogen is converted into hydrogen sulphide on 
the absorption of a second quantum of like magnitude by the sulphur 
atoms, and the hydrogen sulphide molecules subsequently evaporate 
from the surface. In the case of the surface reaction we are thus 
really measuring the rate of chemical action between adsorbed 
hydrogen, and sulphur atoms in the surface.* 

Summary. 

The reaction between hydrogen and sulphur at temperatures 
below the boiling point of the latter has been studied by a dynamic 
fiow method, free from the errors of the methods of the earlier 
workers on this problem. It has been demonstrated that com- 
bination takes place by way of two reactions, a gaseous reaction 
proportional to the pressure of the hydrogen, and a surface reaction 
independent of the pressure of the hydrogen. The temperature 
coefficient of each reaction was obtained and found to be 118 for 
the surface and 2*19 for the gaseous reaction. The surface reaction 
has been shown to be directly proportional to the internal surface 
of the vessel and independent of the quantity of sulphur in the 
bulb. 

The statement of JVlabon that this reaction shows false equi- 
librium below 350 has been proved incorrect, being founded on 
the error that his reaction bulbs uvre nut heated long enough for 
the systems to attain equilibrium. 

The heats of activation of the gaseous and surface reactions have 
been calculated from the temperature coefficients, namely, 52,400 
and 26,200 calories, respectively, the former being exactly double 
the latter. It is suggested in explanation of this that the sulphur 
molecules can become activated in two stages. 

Our thanks arc due to the Hoard of Scientific and Industrial 
Research for a grant to one of us (K. (4. \\\ X.) and assistance in 
defraying the cost of part of the apparatus. 

Oex'artmknt of Physical Chimistky, 

Oambrii>ub Umvlhsity. fttet Ft hr nary Ivth , lii-XJ 

* It is hoped to deul more fully in a later paper with tlu* molecular 
mechanism of the surfaeo and iiasroii- ivin lions. 


B B* 2 
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LXXXIIL — Heterogeneous Equilibria between lh t 
Chlorides of Calcium , Magnesium, Potassium, and 
their Aqueous Solutions. Part I. 

By William Bell Lee and Alfred Ciiari.es Egerton. 

During the course of an investigation on the quinary system 
CaCl a -MgCl 2 -IvCl-NaCl-H 3 0, it became necessary to study in 
detail the ternary systems CaO l.,-K C 1 - H 2 0 , CaCl 2 -MgCl 2 -lb > () > 
and MgCl 2 -KCl-H 2 0. ‘ 

Although a considerable volume of work closely bearing on these 
systems has been done, much of which was pioneer work of van't 
Hoff and his pupils, there appears to have been published no com- 
plete study of these ternary systems. 

It is the object of the present paper to place on record the 
results obtained at 2 V for the systems CaCL-MgCh-lLO 
and CaCL-KCl-H.,0 together with some remarks on the system 
MgCL-KCl-HoO. * 

I. The Ternary System CaCl 2 -KCl-H 2 0 at 25°. 

Data for the solubility of potassium chloride and of calcium 
chloride are available and, in addition, Mulder found that at 7 : , a 
solution saturated simultaneously with calcium chloride hexahydrato 
and potassium chloride contained 2-9 per cent, of the latter (Seidell's 
” Solubilities,” 2nd edition, p. 89). Van't Hoff (” Zur Bi Idling dvr 
Ozeanischen Salzablagcrungen." II, p. 11) also determined two 
points in the quaternary system with sodium chloride present as an 
additional solid phase, lie found that the invariant solutions 
contained 4*5 and 3-5 per cent, of potassium chloride at 2o° and 
83 3 , respectively. 

The results of these investigators showed that the chlorides of 
potassium and . sodium are comparatively insoluble in saturated 
solutions of calcium chloride. 

The main purpose of the present work was to examine the form 
and extent of the saturation curves in the ternary system of the 
pure components (sodium chloride being absent) and also to obtain 
some idea of the form of the saturation surfaces in the quaternary 
system containing magnesium chloride as an additional component. 

Table I gives the analytical results together with the density 
and viscosity data, and a graphical representation of the results 
obtained is given in Tig. 1 . 

E and F denote the solubility of pure potassium chloride and w 
calcium chloride liexahydrato, respectively, in water (grams ]>er 
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100 grams of saturated solution). ED is the saturation curve of 
potassium chloride, that is, it represents the composition of all 
possible saturated solutions containing potassium and calcium 
chlorides in solution, with one solid phase present, namely, potassium 
chloride in contact with solution. Similarly, FD denotes the 
composition of the solutions saturated with respect to calcium 
chloride hexahydrate only. The isothermal invariant point }) 
represents the composition of the solution saturated with respect 
to both potassium chloride and calcium chloride hexahydrate. 
The area BED is the KOI- field of complexes, and DFE is the 
CaCl 2 ,6H 2 0 -field. Points in the area BD1 Y represent complexes 
of solid potassium chloride, solid calcium chloride hexahydrate. 


Fig. 1. 



and invariant solution IK The area BSC denotes mixtures of solid 
potassium chloride and calcium chloride, the latter not containing 
sufficient water to form only hexahydrated calcium chloride. 
AEDF is the area of unsaturated solutions. 

Fig. 1 shows that the solubility of potassium chloride is relatively 
greatly depressed by the presence of a small concentration of calcium 
chloride, and that as the latter increases the potassium chloride- 
content rapidly decreases until it attains the order of from 3 to 4 
per cent, of KCl, after which further addition of calcium chloride 
does not cause the percentage of potassium chloride to change 
appreciably. From the form of the saturation curves it is evident 
that if an unsaturated solution containing calcium chloride and 
potassium chloride is evaporated at 2.V, potassium chloride will, 
in general, be deposited first, and further that as soon as the solution 
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has been concentrated to the point of crystallisation (which may 
vary widely according to the composition of the original unsaturated 
solution), potassium chloride will separate in relatively large 
quantity at first. 

Cameron, Bell, and Robinson (J. Physical Chem 1907, 11, 396) 
determined solubilities in the system CaCl 2 -XaCl-H 2 0 at 25°, 
and their results are plotted in Fig. 2 for comparison with Fig. 1. 
It is seen that the form of the saturation curves is very similar in 
the two systems : CaCl 2 -XaCl-H 2 0 and CaCI 2 -KCl-H 2 0, both 
at 25°. 

Fiu. 2. 



Further, both potassium chloride and sodium chloride are com- 
paratively insoluble in very concentrated calcium chloride solution, 
so that in the general case of the evaporation of unsaturated solu- 
tions in either of these ternary systems the bulk of the sodium 
chloride (or potassium chloride) will be readily recoverable. 

Density Determinations . — The relative density (IP) of the mono- 
variant solutions (KCI solid phase) may conveniently be plotted as a 
function of the composition (ratio Ca(1 2 /KCl), as it will be seen that 
the KCI saturation curve extends almost rigid across the ternary 
diagram. The empirical equation p 1182 -f 0 0444A* — 0-0048/? 2 -- 
0‘000219/P, where p is the density and li the ratio CaClj/KCl, 
gives the density of any solution on the KCI saturation curve. 
The results of Cameron, Hell, and Robinson [be, cit.) for the densities 
of the corresponding monovariant solutions in the system CaCl 2 - 
NaCl-H 2 0 at 25°, when plotted, give a curve which is of the same 
general form. 
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Viscosity Determ (nations. 

The relative viscosity of solutions of pure potassium chloride at 
25° passes through a minimum value with increasing concentration 
(compare Herz, Z. anorg. Chem., 1917, 99, 132.) 

In the system CaCI 2 KCI-H 2 0 at 25° there is a very striking 
increase in the viscosity of the saturated solutions with increasing 
concentration of calcium chloride. The effect of adding calcium 
chloride to a saturated solution of potassium chloride at 2o*l° is 
to increase the viscosity until, at the " break-point,” the saturated 
solution is more than twenty times as viscous as pure water at the 
same temperature. 

Practical Details . — The salts used were pure potassium chloride 
and pure calcium chloride. The working temperature was 25-1° 
0*05°. The solid phases occurring in the systems investigated were 
characterised by the well-known residue ” method of Schreine* 
makers. All analyses wen* carried out in duplicate and in several 
cases the analytical work was cheeked by starting with a weighed 
complex of pure components, and after equilibrium had been 
reached, analysing the solution and residue. The analyses were 
usually carried out by precipitating calcium as oxalate and titrating 
the washed calcium oxalate with standard permanganate according 
to Peters's method {Amer. J . Sci. } 1901, [iv], 12, 216), which gives 
results in good agreement with those obtained by the usual gravi- 
metric method. Chlorine was estimated by titrating the neutral 
solution against silver nitrate. Analyses were carried out in 
duplicate and potassium was found by difference. A direct estima- 
tion of potassium was made at the “ break point " by the cobalti- 
nitrite method. Several estimations indicated that the potassium 
chloride content at the " break point “ was about 34 per cent.: 
the value 3*1 per cent, of potu?»ium chloride was obtained In- 
difference. For the relative vi>eosity determinations an Ostwald 
viscosity tube was used, the* time of outflow for water being about 
two and a half minutes. The results given wen* calculated by the 
usual Ostwald formula. Duplicate or triplicate measurements 
were made. 

II. The Ternary Syst* m (‘a(l., Mg('l 2 H 2 0 at 25*. 

Data for the solubility of the In -xalivd rates of calcium and mag- 
nesium chlorides separately in water aiv available (Seidell, Landolt, 
etc.). Jf the effect of saturation with sodium chloride he neglected, 
one may say that van t Huff determined the composition of the 
two invariant points at 25* (op. rz7., II, p. 10). The results of the 
present work are represented graphically in Fig. 3 and in Table II. 

In this system a double salt, tachhydrite, CaCl a ,2MgCl2,I2H 2 9, 



between the chlorides of calcium, etc. part l 711 


occurs and Fig. 3 also differs from Fig. 1 in that both salt components 
exist as stable salt hydrates at this temperature. 1) denotes the 
solubility of pure magnesium chloride hexahydrate in water, and 
$ its composition. // represents the solubility of calcium chloride 
hexahydrate, and K its composition. I)F is the saturation, curve 
of magnesium chloride hexahydrate, FO and OH are the correspond- 
ing curves for tachhydrite and hydrated calcium chloride, respect- 
ively. A DFQH is the area of unsaturated solutions. The area DEF 
represents complexes of magnesium chloride hexahydrate and satu- 
rated solutions on curve J)F, and FOT denotes complexes of tach- 
hyjrite + saturated solutions on curve OF, EFT is the area of 
complexes of solid MgCl 2 ,(iH 2 0 + tachhydrite -f solution F, and 

l-'io. 3. 



TGK the complex area taehh ydritc -f hydrated calcium chloride -f 
solution (»'. BETKC is the area of solid mixtures of calcium 
chloride, magnesium chloride* and water, the latter component not 
being in sufficient amount to form only the hydrated solid salts. 
The composition of the invariant solution F cannot be expressed 
in terms of positive amounts of water and the solid phases tach- 
hydrite -f MgC! 2J 6H 2 0 with which it is in equilibrium. F is 
therefore an incongruently saturated solution, and 0 denotes a con* 
gruently saturated solution. 

On concentrating an unsaturated solution of the chlorides of 
magnesium and calcium in water, different phenomena occur accord- 
ing to the composition of the original solution. All unsaturated 
solutions lying to the right of the line .17' will on evaporation ulti- 
mately dry up at the point F, and solutions on the left of this line 
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will dry up at the point G. In the former ease, sufficient magnesium 
chloride hexahydrate will be deposited during the course of the 
evaporation to keep the final composition of the solution at the 
point F, and in the latter case all magnesium chloride hexahydrate 
deposited during the first part of the crystallisation will be 
redissolved owing to the phase reaction which occurs at the point 

F, where the separation of tachhydrite begins. If the magnesium 
chloride hexahydrate is removed as fast as it is deposited, then all 
unsaturated solutions on evaporation will finally dry up at the point 

G. An unsaturated solution lying in the area between AT and A}' 
cannot deposit sufficient magnesium chloride hexahydrate during the 
evaporation to keep the resulting incongruently saturated invariant 
solution at the point F . This may, however, be done by adding an 
excess of the hexahydrate during the progress of the evaporation. 

The work of van’t Hoff and his collaborators has shown that 
tachhydrite cannot have a stable existence in contact with solution 
in this system at temperatures below 22°, so that an isotherm at 
a somewhat lower temperature than this would be of a type similar 
to that in the system CaCI 2 -KClH 2 0 at 2“> a , showing only one 
invariant point. 

Van’t Hoff, Kenrick, and Dawson (Z. physical. ( ' hem ., 1902, 39, 27) 
found that the transition point CaCl 2 ,6H 2 0 CaCl 2 ,4H 2 0 (29‘2 : j 
is lowered to about 25° in the presence of tachhydrite. Consequently, 
at temperatures just above 25°, a very small additional field, namely, 
that of CaCl 2 ,4H 2 0, should appear. The present work, which was 
carried out at 25*1® 0*05°, neither disprove s nor confirms the 

exact temperature at which calcium chloride tetrahydrate makes its 
appearance in this system ; to establish this point by* solubility 
measurements it would be desirable to obtain data at temperatures 
both appreciably above and below 2.V\ 

Density Determinations.— The densities of the various saturated 
solutions occurring in this system are complex functions of the 
composition. The equilibria may consequently he shown graphic- 
ally hv plotting the density against the ratio CaCI 2 /Mg(1 2 , since 
this ratio uniquely determines the composition of the various 
saturated solutions. The data are given in Table II. The density 
becomes a maximum when the solution is simultaneously saturated 
with tachhydrite and hydrated calcium chloride. 

Practical Details . — Blasdalcs oxalate process for the separation 
of calcium from magnesium (•/. Amrr. ('hem. Sor ., 1909, 31, 91') 
was adopted in the investigation of the system CaCl 2 -MgU 2 "^ 2 / 
The precipitated calcium oxalate after washing was titrated in 
hydrochloric acid solution in presence of a little manganous cliloii t 
according to the method of Peters { loc , cii.). Chlorine was estimate 
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by titration against silver nitrate, and occasionally tests fo r 
magnesium were made by treating the filtrate from the calcium 
estimation with disodium hydrogen phosphate. 

III. The System MgCl 2 -KCl-H 2 0. 

Although the two invariant points in this system have been 
determined at different temperatures by several investigators 
with results in good agreement, the same cannot be said in the east* 
of the investigation of the exact form of the isothermal saturation 
curves. Uhlig ( Centr . il fin., 1913, 417) has arrived at the con. 
elusion that van t Hoffs two invariant points at 25° are slightly 


Fig. 4. 



incorrect. Precht and Wittgen {Her.. 1881, 14, 1667) made a series 
of determinations of the solubility of potassium chloride in 11. I -V 
21-2, and 30 per cent, solutions of magnesium chloride which also 
contained some sodium chloride. Their determinations were earned 
out at intervals of 10' between 0" and 100 . These investigators 
were unaware of the fact that in the case of the 30 per cent, 
solution of magnesium chloride. carnallite could exist as a solid 
phase. Van’t Hof! and Meyerhoiler (Z. physikal. Chent., 1899, 30. 
84), in determining the mnijHisitinn of the two invariant solution-’' 
at a series of temperatures, pointed out that at all temperature-' 
other than Iff at which these points wen* determined their valuo 
appear to lie on curves corresponding to a lower potassium chloriili 
content than those of Precht and Wittgen. IVit and Pi’zibylla {'l- 
Kali, 1909 , 3 , 393) give more recent data on the solubility e 
potassium chloride in solutions of magnesium chloride which also 
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contained sodium chloride, their results being expressed as volume 
percentages. No complete investigation of this ternary isotherm 
(sodium chloride absent) appears to have been published. 

In the present work, two points on the potassium chloride satura- 
tion curve (sodium chloride being absent) at 25° were determined 
These new points help to fix the form of the potassium chloride 
saturation surface in the solid model for the quaternary system 
CaCl 2 -MgCl 2 -KCl-H 2 0 at 25°, and also suffice for the quantitative 
application of the diagram to the case of the splitting of carnallite 
They have a slightly lower content of potassium chloride than the 
corresponding points on a curve, giving interpolated values of the 
results of Precht and Wittgen ( loc . cit.), and agree more closely with 
the prediction of van’t Hoff and Moycrhoffcr. 

A determination of the solubility of magnesium chloride at 2y-l° 
gave a result rather lower than that of van't Hoff (op. cit., I,p. 17) J 
hut agreeing closely with that of Biltz and Marcus (Z. anorg. Ckcm. 
1911, 71, 187) for 25*. The solubility of pure potassium chloride 
was determined at 25*1°, giving as the result 20*71 per cent., in 
good agreement with the values of Armstrong and Eyre (Proc. Ito>j 
Soc 1911, [A] 84, 123; 1913, [.!]. 88, 234-20*73 and 20*89 per 
cent.) for a temperature of and with that given by Reinders 
( Z . anorg. Ckcm., 1915, 93. 202 -20*40 per cent, at 25°). The 
solubility and the density of the saturated solution of potassium 
chloride were in close agreement with the values interpolated from 
the results of Berkeley (Phil. Trans., 1904, 203, [Jj, IsO. The 
density (Z/~;- ) of a saturated solution of magnesium chloride 
was found to be 1*341 (Table III); the addition of magnesium 
chloride to a saturated solution of potassium chloride causes the 
resulting density to increase progressively. 

The curve of Precht and Wittgen does not differ greatly from 
the results obtained in the absence of sodium chloride. 

Summary. 

1. Solubilities in the ternary system ( , a(.l 2 -K(JI-H 2 0 at 25 : 
have been determined. The diagram given represents in a com- 
plete manner the equilibria in this system. Viscosity and density 
data are also given. 

2. ' Similarly, the system C’aCL- -MgC’l a - H 2 0, in which the double 
salt, tachhydritc, occurs, has also been studied at 25 \ 

3. The system K(’UMgCl 2 -H 2 0 is discussed and new points 
determined which render the data for this system more complete. 


Cr..\ kenix in La bo batch . , 
Ox loan. 


[Ricuvcd, January 2 '2nd, 11)23.] 
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LXXXIV —Studies of the Glucosides. Pari II. 
Arbutin . 

By Alexander Killkn Macbeth and John Mack ay. 

In a previous paper (Macbeth and Pryde, T., 1022, 121, 1660), it 
was pointed out that the complete study of the constitution of a 
glueoside involves the consideration of three points, namely, (a) 
the identification of the constituent sugar and the determination 
of the group of the non-sugar residue with which it is combined, 
(/>) the determination of the configuration of the glueoside, that is, 
whether it belongs to the a- or fi-series, and (c) the detection of the 
nature of the internal linking of the component sugar. The ques- 
tion of configuration is conveniently determined by the study of 
enzyme action, emulsin being the specific enzyme for the hydrolysis 
of p-glucosides. The other points in the study of the glueoside 
are most readily settled by complete methylation of the compound 
and examination of the products obtained on hydrolysis of the 
methylated derivative. Such work was previously carried out in 
the case of indican, and the results obtained in the study of arbutin 
are now recorded. 

Although arbutin was early isolated from natural sources and 
identified as a glueoside (Sc h iff, Gazzetta, 1881, 11, 99; Michael, 
Ber 1882, 14, 2097), a considerable amount of doubt regarding its 
constitution existed for sonic time. Ilabcrmann (JlonaUh., 1884, 
4, 753) asserted that arbutin is a complex glueoside having the 
composition C 25 H 3l 0 14 , but others believed that the complexity is 
due to the glueoside occurring in nature as a mixture of true arbutin 
and its monomethyl derivative. The correctness of the latter view 
was established by a study of tile molecular weights of samples of 
arbutin from different sources (Bourquelut and Herissey, Com jit. 
rend., 1908, 146, 764), and it was shown that the results obtained 
were nearly in accordance with the value 272. tin; figure for the 
glueoside of quinol. The glueoside occurs in the leaves of all the 
varieties of pear tree examined (Rourquelot and Fichteuholtz, 
Compt. rend., 1911, 153, 408), and it is also obtained from the leaves 
of the bearberry. The arbutin from the latter source always con- 
tains a quantity of methyl arbutin, the amount varying from 5 to 
40 per cent., the purest samples being obtained from the leaves 
of the Spanish bearberry (Tunnmnn, Chan. Zcntr., 1907, i, 196). 
Various methods of obtaining arbutin free from admixture with its 
methyl derivative have been described (Herissey, J . Pharm. Chim., 
1910, [vii], 2, 248), but of these Mannieh s treatment alone is found 
to be satisfactory {Arch. Phurm., 1912, 250, 547). 
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Arbutin is readily hydrolysed by dilute mineral acids and by 
emulsin, the products of the reaction being glucose and quinoi. 
The behaviour towards emulsin, coupled with the optical properties 
of the glucoside, indicates that the compound is a derivative of 
3-glucose. The hydrolysis, however, affords no proof of the internal 
linking of the sugar, but this question is settled by the results now 
submitted. The work described in the paper may be outlined in 
the following scheme : 

ARBUTIN 

4 

Pentamethyl arbutin 

Tetramethyl methylglucoside Tetramethyl glucose and 

4- quinoi monomethyl ether 

Tetramethyl glucose 

If the sugar residue in arbutin has the normal butylene-oxide 
structure, the tetramethyl glucose isolated from it should be the 
well-known 2 : 3 : o : 6-compound, which is crystalline and may 
be readily identified. If any alternative linking is present in the 
constituent sugar, an isomeric tetramethyl glucose would result, 
from which the structure of the sugar molecule might be deduced. 

The methylation of the glucoside was accomplished by means of 
methyl sulphate and sodium hydroxide. In this way, pentamethyl 
arbutin was obtained in characteristic, white- needles, melting at 
75\) 3 and showing hevorotation in all the solvents examined. 
Pentamethyl arbutin behaves as a normal methylated glucoside. 
and has no reducing action on Folding's solution. 

The hydrolysis of pentamethyl arbutin was carried out by the 
action of methyl alcohol containing l percent. of hydrogen chloride. 
This method was adopted in view of the fact that previous work on 
the hydrolysis of methylated glueo»ides showed that dilute aqueous 
acid is, as a rule, not a suitable reagent, for the hydrolysis is slow 
and, in addition, considerable resinifieation often takes place (Irvine 
and Rose, T., 1906, 89. 814- ; Macbeth and Pryde, loc . cit.). The 
method adopted results in the hydrolysis of tin- glucoside ami the 
simultaneous formation of the corresponding methylglurusides 
according to the scheme : 

Quinoi derivatives 

Pentamethyl arbutin 

Tetramethyl _ a- and Js-Tctramctliyl 

glucose methylghicnsidos. 

The hydrolysis proceeded normally, and the mixture of tetramethyl 
methvlglueoside.s was submitted io further hydrolysis by the action 
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of an 8 per cent, aqueous solution of hydrochloric acid. A crys- 
talline tetramethyl glucose was isolated from the product of this 
reaction, and was identified as the 2 : 3 : 5 : (>- or butylene-oxide 
compound. From the results recorded it is evident that arbutin is 
derived from a molecule of d-glucose combined with quinol, the 
internal linking of the sugar being of the butylene-oxide type; 
and therefore the following structure is established for the glucoside : 

OH-CK,-OH(OH)-CH-CH(OH)-CH(OH)-CH-0-C a H t -OH 

0 i 

'this structure is further supported by the synthesis of a penta- 
mothyl arbutin from quinol monomethyl ether and tetramethyl 
glucose. The condensation was effected by heating equivalent 
amounts of the starting materials in benzene in a sealed tube, and 
the synthetic compound was found to be identical with the penta- 
methyl arbutin prepared from the natural glucoside by methylation. 

The optical properties of the methylated glucosides have a direct 
bearing on the views of sugar structure expressed by Anderson 
(-/. Physical Chan., 1910, 20, 209), and a brief reference to the ques- 
tion may not be out of place here. The structures proposed are 
arrived at from the consideration of the relation between the con- 
figuration of the sugars and their sjieeifie rotations. A review of 
the optical properties of the sugar-aeid lactones shows that in these 
cases the direction of rotation is apparently determined by the 
position of the hydrogen atom and of the hydroxyl group attached 
to the y-carbon atom ; and, in general, it would appear that the 
sugar-acid lactones which have the ring on the same side of the 
structure rotate in the same direction. If sugars have also a 
5-atomic lactone, or butylene-oxide, structure, the relations observed 
in the case of the acid lactones might be expected; and since such 
considerations art 1 found to lead to contradictory results, Anderson 
proposes a propylene -oxide, or 4-atnink* lactone structure, for the 
a-hexoses and pentoses. The ring in sugars which show similar 
specific rotations is on this formulation found to lie on the same 
side of the structure. Anderson further proposes an, ethylene-oxide 
linking, or 3-atomie lactone structure, for 3-glucose and other 
^-sugars and their glucosides. He is of opinion that the differ- 
ences observed in the values of the rotations of the x- and 3-forms 
of the sugars cannot he satisfactorily accounted for merely by a 
spatial difference of the hydrogen atom and the hydroxyl group 
attached to the terminal carbon atom. This, and the difference in 
stability noted in the case of f ho x- and {3-forms of the sugars, lead 
to the ethvlene-oxide formulation of the fj-com pounds. 

Ihe results obtained in the study of the alkylated glucosides are 
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totally opposed to any such difference in structure in the internal 
linkings of the a- and (J-forms of the sugars. Salicin and arbutin 
may be selected as typical cases, and their specific rotations and 
the optical values of their pentamethyl derivatives are given 
below : 


Salicin — *50*3° (in dilute ethyl alcohol). 

Pentamethyl salicin — 52’ 15° (in methyl alcohol). 

Arbutin — 60 ‘3° (in water). 

Pentamethyl arbutin — 4S’2° (in ethyl alcohol). 

From the values given above, it is evident that the methylated 
glucosides exist in the same stereoisomeric form as the parent 
glueosides, all being derivatives of p-glucosc. If an ethylene-oxide 
structure is present in the ^-glueosides, as suggested by Anderson, 
it must also be present in the pentamethyl compounds. On 
hydrolysis of the methylated compounds, no change in the internal 
linking can take place, and since it has been shown that the product 
of hydrolytic action is a methylated glucose of the butylene-oxide 
type, the 3-atomie and 4-atomic lactone structures proposed arc 
untenable. 

The assumption of a difference in the internal linking in the 
*- and £-forms of a sugar is further contradicted by the fact that 
the same tetraniethyl glucose is obtained on the hydrolysis of 
tetra methyl methylglueoside, irrespective of the proportions of 
a- and 3-forms present in the original glucoside (Purdie and Irvine, 
T., 1904, 85, 1062, and subsequent papers). 

E X P K It I M E X T A L . 

Isolation of Pun Arbutin from On Xalural Glucosi'h , 

It is well known that the natural glucoside always contains a 
proportion of methyl arbutin, the quantity present depending eii 
the source. Herissey (loc. cit.) outlined a method of treatment 
which he claimed yielded a pure arbutin free from admixture with 
the methyl derivative. On subjecting samples of the natural 
glucoside to this treatment, we found that the product still eontaimd 
a considerable quantity of methyl arbutin, and repetition of the 
process did not give a produet free from the methyl derivative. 
Purification is best carried out by the methods proposed by Mil link'll 
(loc. cit.) either by precipitation of the arbutin ms the additive pro- 
duct with hexamethylenetetramine, or by acetylation of the natural 
glucoside and fractional crystallisation of the mixed acetates. A 
product i> thus obtained which contains no methoxyl, and has a 
specific rotation in water of [*]j; 60.V, for c — 1-13. 
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Methylation of Arbutin. Pentamethyl Arbutin. 

As the ultimate object of the work was to obtain a fully methyl- 
ated arbutin for hydrolysis, it was unnecessary to remove the rnethvi 
arbutin from the sample of the glucoside examined. This contained 
nearly 20 per cent, of methyl arbutin, and was subjected to methyl- 
ation by methyl sulphate in the usual way. During melhylation, 
the mixture was maintained at 30—35° and stirred vigorously! 
After the addition of the reagents was complete, the temperature 
was raised to 100° and maintained there for upwards of half an 
hour. On cooling the reaction mixture, part of the methylated 
arbutin was precipitated, methylation of the phenolic hydroxyl 
group having greatly decreased the solubility of the glucoside in 
aqueous alkaline media. After methylation, a stream of carbon 
dioxide gas was passed through the cold reaction mixture for two 
hours, and most of the alkali then precipitated as sodium carbonate 
by adding an excess of 95 per cent, alcohol and passing carbon dioxide 
for another hour. After standing for some time, the sodium car- 
bonate was filtered and washed well with alcohol, the filtrates were 
neutralised with dilute sulphuric acid, and the liquid was distilled 
off under reduced pressure, a little barium carbonate being present 
to ensure neutrality. The residue, after drying in a vacuum, was 
treated with cold chloroform to extract the methylated product. 
A further quantity of the methylated arbutin was obtained by 
extracting the dry sodium carbonate residues with the same solvent. 
After removal of the greater part of the chloroform by distillation, 
the residue was heated under reduced pressure for some time, and 
the syrup so obtained extracted with ether. On removal of the 
latter solvent, a faintly brown syrup was obtained which crystallised 
after a time. Yield 19 5 grams. The product consisted of arbutin 
methylated beyond the trimethyl stage [Found : OMe = 32 -5. 
(■ioHi 3 0 4 (0Me) 3 requires OMe — 29*0; C 1 .Jf 12 0 3 (0Me) 4 requires 
OMe — 37'S per cent.]. The product was still lafvorotatory, but 
the value was lower than that of arbutin itself. In chloroform, 
l*]i! — 54-59 : , for c -- 1*85. 

The syrup was subjected to a further methylation. the method 
of treatment and extraction being similar to that already described. 
In this way a syrup was obtained which solidified on the removal 
of the last traces of solvent. After crystallisation from dilute 
alcohol, the substance was obtained as feathery needles, of a faint 
brown colour. Methylation had now practically reached the 
pentamethyl stage ‘ [Found : OMe = 43 3. C 12 H u U 2 (OMe), 
requires OMe = 45*32 per cent.]. Yield 18 grains. 

After four crystallisations from dilute alcohol, the product was 
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obtained as white, feathery needles, melting at 75’f>°. The com. 
pound was still loevo rotatory, the value in chloroform being 
[a ][f - 40° (c = 1\>56). 

On account of the low Zeisel result obtained with the abovo 
material, and in order to ascertain if the substance was fully 
methylated, 9 grams of the product were subjected to the methyly. 
ting action of methyl iodide and freshly prepared silver oxide. 
No extraneous solvent was required in the reaction, as the methyl- 
ated arbutiu was soluble in the methyl iodide. After methylation, 
the methyl iodide was distilled off. and the residue treated with 
chloroform in a Soxhlet extractor. On removal of the chloroform, 
the product was subjected to another methylation, and the chloro- 
form solution was in this case decolorised by the addition of a little 
vegetable charcoal (norit) during extraction. After filtration and 
removal of the solvent, 8*5 grams of methylated product were 
obtained, which crystallised from aqueous alcohol in characteristic, 
white, feathery needles melting at 75*5 \ Analysis shows that the 
substance is paitaimthyl arbutiu, and the silver oxide methylatim: 
has had no appreciable elTeet on the product obtained after two 
methylation* with methyl sulphate* [Found : U — 59 09 ; H 7*70: 
OMe -= 44’5. C , 1 . i H ll (i((.me)- requires C .... 59*65 ; II - T'f.i ; 

OMe — 45 32 per cent.]. 

Pentamethyl arbutiu is very soluble in acetone or ether, easily 
soluble in alcohol, chloroform, or benzene, and difficultly soluble in 
eohl water. It crystallises from dilute alcohol without water of 
crystallisation, and is hevorotatory in all the solvents examined (in 
acetone, [x]d — 43*2* for c~ 1*736: in ethyl alcohol, [xjj! 
— 4S'2 3 for c 2'112; in chloroform, [x]j' 41*' for c - 1*010). 

SynthcsU of Pent- urn thyl Arbutin. 

Additional support for the view that arbutiu is derived from the 
butylene-oxide type of glucose is furnished by the synthesis of a 
pentamethyl arbutin identical with that obtained by methylntinn 
of the natural glucoside. A 0 per cent, xdution of tetraiiietliyl 
L'lucose in dry benzene, containing about 0*25 per cent, of bydrimvn 
chloride, was heated with the equivalent quantity of quiiml mono- 
methyl ether in a sealed tube for twenty-seven hours at JIH' : a 
little anhydrous sodium sulphate beitu: pre.-ent. When cold, 
the reaction mixture was neutralised with silver carbonate and, 
after filtration, the benzene distilled nil under reduced pressHir. 
the last traces being removed by the successive addition aim 
removal under reduced pressure of ab.-olutc alcohol. Ihe h |,(, " JI ‘ 
non-redueing syrup thus obtained was treated with water to remote 
any octamethylglueosido-glucosides formed during the rcacuun. 
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The residual oil consisted of a mixture of unchanged quinol mono- 
methyl ether and pentamethyl arbutin. The methylated glucoside 
«as best isolated by shaking the oil with a dilute solution of sodium 
hydroxide and ether. The ethereal extract ivas .separated the 
ether evaporated, the residue dissolved i„ « little boiling alcohol 
and hot water added until a cloudiness just appeared Crystallis’ 
ation set in on cooling and pentamethyl arbutin was obtained in the 
form of the characteristic needles. It was contaminated with a brown 
impurity, but after four crystallisations from aqueous alcohol it was 
obtained m beautiful, white needles, identical with those derived 
from the natural glucoside by inethylation. The synthetic substance 
melts at 7a-5°, alone or mixed with a specimen of the compound 
prepared by methylation. It has [*]j; - 41° in chloroform 
(c - 1-/12). Yield, 10 per cent, of the theoretical amount 


Simultaneous Hydrolysis and Condensation of Pentamethyl Arbutin. 

The hydrolysis of pentamethyl arbutin was accomplished by 
the action of a methyl-alcoholic solution of hydrogen chloride and 
the component sugar of the glucoside isolated from the product of 
reaction as the tetramelhyl inctliylglucosidc. Four grams of 
pentamethyl arbutin, prepared by methylation of the glucoside 
as already described, were dissolved in fit) e.c. of dry methvl alcohol 
containing 1 per cent, of hydrogen chloride, and the solution was 
heated in a sealed tube for twenty-four hours. The temperature 
was kept at Sir for the first twelve hours and was then gradually 
raised to 12U 3 and maintained at the latter temperature forafurther 
twelve hours. The reaction mixture, which was somewhat coloured, 
was neutralised with silver carbonate, and the alcohol removed 
under reduced pressure. The aqueous extract of the residual syrup 
was boiled w ith a little vegetable charcoal and filtered, the solvent 
removed, and the residual syrup dried by successively adding and 
distilling off small quantities of alcohol'. The svrup was finally 
extracted with ether and the extract dried with anhydrous sodium 
sulphate. The residue obtained after filtering and removal of 
the solvent was distilled, and 23 grains of a pale yellow svrup, 
b. p. 10,5—110’ 0-2 mill., were collected (Found: OMe 1 58. 
etramethyl methylglueoside requires OMe •=- 02 percent.). 

file metlioxyl content shows that the product consisted mainly of 
c ianictlnl methylglueoside, but some tetramethyl glucose which 
( scaped glucoside formation was also present. The conversion 
into the glucoside was completed by subjecting the product to 
net Jiy la turn by methyl iodide and silver oxide, and after isolating 
le l Jro ^ u<J t in the usual way a ]>raetieally colourless syrup was 
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obtained on distillation (Found : OMe — 60'9 per cent.). Conversion 
into the glucoside was therefore complete. 

A further quantity of pentamethyl arbutin was hydrolysed by 
dissolving 7 grains of the methylated glucoside in 140 c.c. of dry 
methyl alcohol containing 1 per cent, of hydrogen chloride. A 
little vegetable charcoal was present to prevent the development 
of colour. The bovorotation of the solution gradually decreased 
and after five hours the solution (1-dcm. tube) showed « = ■+ 4'2 C , 
which remained constant on further heating under reflux for an hour. 
After neutralisation, a syrup was isolated as described in the 
preceding case. It consisted mainly of tctramethyl mcthylglucoside 
and distilled at 108 — 110°/1*2 mm. Yield 3o grams. No further 
methvlation was carried out in this case, and the product was 
submitted to further hydrolysis forthwith. 


Hydrolysis of Tetramcthyl Mvthylglucoside. 

The two specimens of tctramethyl methylglueoside obtained in the 
above hydrolyses were submitted to the action of aqueous 8 per 
cent, hydrochloric acid in different experiments, and tctramethyl 
glucose* of the butylene-oxide type was isolated in both cases 
(compare Macbeth and Pryde, loc. at.). 

After one crystallisation from light petroleum, the sugar melted 
at S'! 3 , and subsequent ivmstallisutiun raised the melting point to 
94 s , the change of melting point being characteristic of tetramcthyl 
glucose. The tctramethyl glucose showed the eustomarymuta- 
rotation in water, .the values observed being r 9 1 -*■ rb3 4.\\hkh 
are in good agreement with those established for the compound 

ft is therefore evident that the sugar resulting from pentaimthyi 
arbutin is tctramethyl glucose of the butylene-oxide type, and it 
follows that in the parent glucoside the component sugar possesses 
a linking of this type. 

We wish to express our thanks to Principal Irvine for the interest 
he has taken in this work throughout, and to the Carnegie I rust tor 
a scholarship which enabled one of us to participate in the region. 

Chemical Research Lauorat* >k\ , 

United College of St. Salvator and St. Leonard, 

University of St. Andrews. , 

JUc' tsol, /c6ri«iry 
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LXXXV.— Co-ordination Compounds and the Bohr 
Atom . 

By Nevio Vincent SnxavicK. 

Sum e ten years ago Werner * succeeded in resolving certain of his 
to-ordinated compounds into their optically active components, 
and thereby definitely established the truth of his view of their 
.sixfold structure. Since then, structural chemistry has been in the 
unsatisfactory condition of having two incompatible theories, 
that of the organic chemist, and that of Werner, each quite competent 
to explain the relations of its own group of substances, but neither 
capable of being extended with any success to cover the whole 
field. Tt was obvious that it must ultimately become possible to 
apply one set of principles to the elucidation of the structure of 
both classes of compounds; and the object of this paper is to show 
that with the help of Bohr's f recently published theory of atomic 
structure this can now be done. 

Werner applies his doctrine very widely ; but if we limit ourselves 
to those co-ordinated compounds whose structures in solution have 
been determined by the observation of optical activity, geometrical 
isomerism, or ionisation (or all three), we cannot doubt the correct- 
ness of his conclusions. The peculiarities of these substances are of 
two kinds. There is first the peculiar co-ordination number, which 
determines the number of groups attached to the central atom of 
the complex : this is most commonly 6, but sometimes 4, and 
other numbers are also suggested. We may confine our attention 
for the moment to those in which it is 0 : a fourfold structure is 
already familiar to us among organic compounds. The second 
point is the constitution of this sixfold complex, which seems 
to defy the laws of valency, since one univalent radicle can replace 
a whole molecule of water or ammonia without disturbing the 
structure. 

To explain the first point, the sixfold structure, we must consider 
ui outline Bohr > theory as to the relation of the groups in the 
periodic table. Bohr regards the elections as rotating round the 
nucleus in orbits whose shapes are determined by the laws of 
ordinary dynamics, but subject to the quantum restriction, which 
makes a certain set of orbits alone possible. Each orbit is defined 
by two quantum numbers, the meaning of which may be roughly 

* Xeuerc Ansc-Jmiumg.'n nuf dem t.i’hiete dor nnorganuschon Chemie," 
H)1 3. The reference throughout this paper in to this book : more detailed 
inferences seem unnecessary. 

t “The Theory of Spectra and Atomic Constitution, “ 1U-2. 

VOL. CXXI1I. C C 
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expressed by saying that, so far as we can regard the orbit as an 
ellipse, the first number represents its major axis, and the fseoond 
its latus rectum : so that if they are equal the orbit is circular, 
and the more they differ, the greater its eccentricity. The arrange, 
ment of the orbits in an atom is arrived at by means of BohrV. 
correspondence principle, resting on a mathematical analysis of 
possible orbits, and is largely supported by the evidence of t| lL . 
optical spectra.* The arrangements in different- atoms differ in 
stability. Chemical combination depends solely on the possibility 
of increasing this stability by a rearrangement of the orbits through 
the co-operation of two or more atoms. In the inert gases we h avt , 
electronic systems of such symmetry that their stability cannot 
be thus increased ‘ hence the inactivity of these gases. The effect 
of chemical combination is to approach this symmetry, either by 
the “sharing' of electrons so that they count for both atoms 
{mm-polar linkage, covalency) or through ail electron passing 
over from one atom to the other (polar linkage, elect m valency). 
The atomic numbers of the inert gases tell us the size of the 
successive groups of electrons which lead to structures of maximum 
stability. The position of these groups in tlse I'ohr atom <lifiVr> 
from that assumed by Lewis ami Langmuir in that the larger group* 
are not on the outside but in the middle. The number of electron* 
in each type of orbit in the inert gases is given by Hohr in the 
following table : 


'i -I -j •'! '’3 b b hi b ■*! '*i ,J 3 ( ’i fl . 

At.N... 

Helium 2 2 

lo 2 4 4 

Argon Is 2 4 4 l 1 

Krypton I.n 2 4 4 t> r» 0 4 4 

Xenon . "*t 2 4 4 0 0 U ti t> 0 4 4 — 

Niton su _• 4 4 •» t> r. s s s s n n <; 4 t 


The development of these croups takes place in three diiferent 
ways. There is timt that of an s-gioup : this is illustrated by the 
first short period of the periodic table: it has a double fourfold 
symmetry : from Li “> to C 6 we have four orbits of 2j. followed 
(X 7 to XV H>) by fou r of 2... TIiL method of growth repeats itscli 
in th 1 ' second short period (\a l! to A IS) ; in the second half cl 
each of the two long periods (( 'u 2‘.f to Kr 116, and Ag 47 to Xe*>4,'. 
and finally in the la>t quaiter of the fifth period (An b> St'i- 
A second form of development occurs in tin* lii>f half of the t' v " 
Jong periods, or rather just after their beginning (Sc 21 t<> -A 
and V M to I'd 16), and in tie* third ipiurler of the fifth periid. 

* It i- also » ut i rely rnriiiriii'-d i t to- A* niy sped ru « Holir ond tod-' 

Z rb/vt. I ‘.>23. 12. 342). 
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from about Lu 71 to Pt 78. In each of these there are in the outer 
group of electrons two sub-groups of 4 developing into 3 of 6 ; this 
involves 10 elements instead of 8, and so the single inert gas is 
replaced by one of the throe triads of Mendoleeffs eighth group, 
('[‘he rare-earth group, with which we are not concerned, is due to 
tV development of 3 sub-groups of (> into 4 of S, giving J4 rare- 
earth metals.) 

Thus, in carbon and nitrogen and their analogues, we are dealing 
with atoms which have a group of 4 valency elections already 
established, and which seek to complete their symmetry by forming 
a second group of 4, as in the inert gases. Tills they do by *’ sharing 
electrons with other atoms, carbon, for instance, forming methane, 
and thus completing their “ octets." How this sharing is accom- 
plished we do not know for certain: but since Prof. Nicholson has 
found that it is only possible to derive the spectrum of molecular 
hydrogen on the supposition that each electron encircles both 
nuclei, we may reasonably assume tint in methane the electron 
of each hydrogen atom goes round the carbon nucleus as well, 
giving the same kind of stable arrangement of * mbits that wo 
find in neon. Moreover, as Bohr has shown that the planes of the 
four orbits in carbon are parallel to tin* faces of a tetrahedron, the 
tetrahedral symmetry is attained which the rterenchcmistrv of 
carbon requires. 

In those parts of the table where the outermost group of electrons 
is building up sub-groups of 0 and not of 4. w" may expect quite 
different relations. Iho elements in the:>c neignbourhoods ha\e 
very remarkable properties. Hiey all form metallic ions with 
variable valency, with marked colours, and with pronounced para- 
magnetic power: and they are elements of high catalytic activity. 
Xov it is precisely to these groups that ail the well-established 
co-ordinated compounds (with the number to nf Werner belong 
(C'r, F(\ Co. Xi : Kh : 0*. Ir. Pth The evict di-position of the 
orbits is here uncertain, and their stability •> less than that of the 
fourfold groups, as is shown most conspicuously by the fact tiiat 
nickel, palladium, and platinum are not inert gases. But it is 
clear that as when the valency orbits are arranged in fours fourfold 
structure develops in the molecule, so when they are in sixes sixfold 
structure should be exhibited. In fact the familiar " octet theory 
does not apply to the elements in these neighbourhoods : the 
octet is replaced by a group of 12 shared electrons, which is expressed 
by the Werner co-ordination number of (» : and the stereochemical 
results show that these 0 groups » f atoms arc arranged at the 
angular points of an octahedron. 

The number (5 is thus explained. The see -. mu 1 peculiarity of 

t e 2 
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these co-ordinated compounds, the apparent equivalence of uni. 
valent radicles and molecules of ammonia or water, as well as their 
behaviour on ionisation, can easily be accounted for on the ordinary 
principles of structural chemistry. It is well known, and the point 
has been emphasised by Langmuir, that the valency of the atoms 
in the three periodic groups following that of carbon is increased 
by one when they become positively charged (that of the three 
groups preceding carbon increases in the same way by one when 
they become negatively charged). Thus the neutral nitrogen atom 
lias 5 valency electrons ; if it combines with three hydrogen atoms, 
its octet is made up and it is in a sense saturated. A nitrogen 
atom which has expelled an electron (and thus acquired a positive 
charge) has 4 valency electrons, and closely resembles the neutral 
carbon. It can now take up 4 univalent groups to form an ammonium 
ion. In the same way, while the neutral oxygen atom is bivalent, 
positively charged oxygen can form three rton-polar linkages, 
giving an oxonium-ion. Xow if we take one of Werner's series, 
such as the platinic, we find at one end a compound, [Pt(.\JK,. 
with a bivalent anion. The chlorine atoms can be replaced one 
by one by ammonia (or water) groups. Every such replacement 
reduces the negative charge on the group by one unit, so that 
[Pt(XH 3 ) 2 Cl 4 ] is a neutral, non-ionised molecule. Further replace- 
ments give the group an increasing positive charge, until finally 
we arrive at [Pt(XH 3 ) 6 ]Cl 4 , where the complex ion has 4 positive 
charges. This is just what the structural theory requires. The 
0 groups in the bracket (whether C'l or XH 3 ) are all attached by 
single non-polar linkages to the platinum. The nitrogen is thus 
quadrivalent, being, in fact, a substituted ammonium, with all 
the rest of the complex as the substituent. In order to assume 
this form, it must expel an electron, and thus every time a chlorine 
atom is replaced by XH 3 , the complex gains one positive charge. 
This reaction is already familiar in organic chemistry ; for example, 

j [ H^'^XH-J The same thing happens with 

water, which requires to lose an electron in order to form a new non- 
polar linkage. The equivalence of the radicles and the whole mole- 
cules is thus only apparent. They both have the same relation 
{a single link) to the central atom ; but one can only replace the 
other if a corresponding change takes place in the charge on the 
complex; and this change is found experimentally to occur.* 

We can therefore determine the effective valency of the central 

* Since this was written, I find that Ramsay gave a very similar explanation 
of this replacement in his Presidential Address in l DUS pi'., 93, 
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atom— that is, the number of electronic orbits which it gains from 
the attached groups — in the following way. Every NH 3 or H 2 0 
will contribute two electrons, one for the linkage, and one extra to 
make the nitrogen or oxygen quadri- or t-er-valent. Each Cl or 
other univalent radicle will add one, for the linkage. Each (uni- 
valent) kation outside the bracket will also add one, whilst for 
every anion one must be subtracted. (Extensions of these principles 
are obvious : C0 3 or C 2 Oj = -f 2, XH 2 'OH 2 *CH 2 -XH 2 — -f 4, 

etc.) In this way, for every co-ordinated compound the ionisation 
of which is established, we can arrive at a number expressing the 
effective valency of the central atom. One or two examples may be 
quoted : 

f Co‘N0 2 (N H n ) - ]CI., 2 / .7 4 1 — 2 -- 9 

[Pt , NH 3 *C!-]K ' 2 4- d -j-l — 8 

|Pt(XH 3 ) 3 CIJCl 2/3-; 1-^1= 0 

[CrCI 2 en 2 P 2 i 4x2-1= 9 

(Dip 3 Fe]Cl 2 4 x 3 — 2 10 

(en — XH^OHg-CH^X H 2 : Dip — dipyridyl.) 

If this method is applied to all the co-ordinated compounds of 
ascertained structure, we get consistent values for each series, 
which are given in the table below’. To obtain from these the actual 
number of valency electrons, or electrons in the two highest quantum 
groups, in the saturated atom, wc subtract from the atomic number 
the number of electrons in the lower quantum groups (for the Fe 
series 2-4-8, for the Pd series 2 -j- 8 18, for the Pt series 2 -f- 8 -j- 

18 -j- 32) and add to the difference the valency number calculated 
from the compound. The results are given in the following table, 
the compounds with a co-ordination number of 0 being separated 
from those of 4. The first column gives the number of electrons 
in the tAvo highest groups of the isolated atom, the second the 
effective valency of the compounds, and the third the sum. Doubt- 
ful values are enclosed in brackets. 


Co-ordination Number 4. 


Cr 

14 

0 

jj;) 

Rh J 7 0 20 

Os 

it; 

(10 

0 

2l>) 

2<i 

Fe 

10 

10 

20 


lr 

17 

Co 

17 

0 

20 


I’t 

IS 

s 

20 

Ni 

is 

(10 

2S) 

Co-ordination Number 0. 





Xi 

IS 

(« 

24) 

I'd IS 0 24 

Pt 

IS 

0 

24 






Au 

10 

.A 

24 


The following list gives some of the very numerous compounds 
from which the values in this table are obtained (K kation, 
X — anion, Py — pyridine) : 
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Co-ordination number 6 : 1 0*Clven 2 ]X, |Cr*en 3 ]X 3 , 

[Cr0IMI,0-en,lX o , [Fe-DipJX,, [Fo(CfT 3 *NC) fi ]X 2 , [0o(N0.UHiI,U 
[Co*NO,*C.,0 4 (NH 3 ) :i ], [C(vCi‘N& 3 *en 2 ]X.>, |Ni-e»,]X„ [Ni(NH 3 )jx7 
[Rli-eujx; [Rh(C 2 0 4 ). { |Ro, [Rh<0(i\H 3 ) 5 l>C [0s-G 2 (N0 2 )^C 
[IrOH*H,G(C 2 0 4 ) 2 ]R 2 , | lr(0H),(C 2 0 4 ), JR 3 , [Pt(MI 3 ) 6 ]Cl 4 , [PtClJ*; 

Co-ordination number 4 : [Ni*en.>lX.>, [Pd(NH 3 ) 4 ]X.>, [PdCl 4 ]U 2 
[Pt(NH s ),Cy, |Pt(XH 3 )Py 2 ]X 2 , [AuClJR. 

With the exception of chromium (and possibly nickel, where, 
however, the number of compounds available is small) the agree- 
ment is remarkable ; and it is to be noticed that 26 is the number 
of electrons (3 sub-groups of 0 and 2 of 4) which we find in the next 
higher inert gas, just as in methane the carbon atom has the. same 
number of electrons as neon ; the disposition of the attached groups 
is, however, governed by the structure of the 6 sub-groups, and not 
by that of the 4. * 

The compounds of co-ordination number 4 (which do not seem 
to be formed before the third member of the triad is readied) have 
uniformly two electrons less than this. In the ease of platinum, 
Werner has shown that these 4 atomic groups are not arranged as 
in carbon, but in a plane, since compounds of the type PtA,B. f 
occur in two geometrically isomeric forms. [The same relations 
were found bv Vcrium (T.. 1020, 117, 86, 88!)) to hold with tellurium, 
in compounds of the type To(CH 3 ) 2 I L> .] This suggests that the 
octahedral symmetry is still maintained, the two groups at the end 
of a diagonal being absent. 

The results given above represent the most thoroughly investigaU-l 
of the co-ordinated compounds of these metals. Among the tax 
well-known, many other types will he found, and in view of the 
dimming valency of the simple metallic ions this is to be expected. 
In particular, the complex cyanides show (juite a different kind oi 
regularity, the types H 3 X(.‘y c and RjXh'v,. prevailing, irrespective 
of the atomic number of X ; this makes it probable that in these 
east s the number <> is due to some wholly different cause, such as 
the formation of trievanogen rings. But the evidence adduced is 
enough to show that the structure of those compounds for which 
Werner's doctrine of sixfold symmetry is most fully established can 
be explained, with the help of Bohr's theory, on the principles 
which have proved so successful in organic chemistry. 

Dyson Pk riunx L\:ion\T«>UY, 

OxroRi*. 


./.Wiro/, i\ Intar ;j )M. 1023.1 
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LXXXVL — The Hydrogen Sulphates of the Alkali 
Metals and Ammonium. 

By Horace Bakratt JDunnicliit. 

It has been stated (Butler and Duimicliif, T., 1020, 117, G40) that 
potassium hydrogen sulphate is unaffected when shaken with dry 
alcohol but that, when similarly treated, sodium hydrogen sulphate 
yields an intermediate sulphate having the composition Xa 3 H(S0 4 ) 2 . 
Dry alcohol also reacts with ammonium hydrogen sulphate, yielding 
the corresponding sulphate, (XH 1 ) 3 H(S0 4 ) 2 (Duiinicliff, this voh, 
p. 476). Both these intermediate sulphates have been previously 
reported as phases in ternary systems, M 2 S0 4 -H. i 80 4 -H ;i 0 (M — Xa, 
Pascal and Ero, Bull. Hoc . chon ., 1919, 39, 1.734 ; and M = XH 4 , 
van Dorp, Z. physikal. Chan., 1910, 73 284: see also D’Ans, Z. 
anorg. Chem ., 1913, 80, 237). 

Potassium hydrogen sulphate, trisodium hydrogen disulphate, 
and triammonium hydrogen disulphatc all show a small fall in 
acidity when treated with dry alcohol. In the cases of the first 
two substances, this was ascribed to the presence of traces of Avater 
in the alcohol (T., 1920. 117, 074). Further observations indicate 
that this view requires revision for the following reasons. 

(1) Most carefully dried alcohol in which no test for water can 
be obtained acts on the three substances with a small but appre- 
ciable diminution of acidity. Hence, in order to free M 3 H(S0 4 ). 2 , 
obtained by the action of dry alcohol upon MHS0 4 , from acid, the 
product has to be washed with an inactive substance, ether, and 
not with alcohol. 

(2) Dilute alcoholic sulphuric acids (less than 4 per cent.), pro- 
duced by the action of alcohol (7 parts) on the hydrogen sulphates 
of potassium, sodium, or ammonium (1 part), do not appreciably 
reduce the* acidity of a fresh quantity of potassium hydrogen 
sulphate, trisodium hydrogen disulphatc, or Uiammoiiium hydrogen 
disulphatc, respectively. 

(3) Alcoholic sulphuric acids react with the normal sulphates 
of sodium and ammonium, giving a new solid phase. The nature 
of the chemical action depends on the* temjR-rature of the reaction 
and t he concentration of the alcoholic sulphuric acid used. 

(4) The solid phase produced by the action of alcohol on sodium 
hydrogen sulphate or ammonium hydrogen sulphate depends on 
the proportions of alcohol to hydrogen sulphate used. 

These observed facts can all be explained if the hydrogen sulphates 
are regarded as composed of two components, M 2 S0 4 and H 2 S0 4 . 
W hen alcohol is added to one of these substances, a ternary system. 
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]V4S0 4 -H 2 S0 4 -C 2 H e 0, is developed. The possible solid phases arc 
M 2 S0 4 ,H 2 S0 4 ; tM 2 S0 4 ,?/H 2 S0 4 : and M 2 S0 4 . The systems i n 
which M = Na and NH 4 are under investigation by solubility 
measurements at atmospheric pressure and arbitrarily fixed ten-, 
peratures. Results so far obtained indicate that, in the action of 
alcohol on compounds of the type jU 2 S0 4 ,H.,S0 4 , acid is gradually 
and continuously removed from the solid phase, forming a second 
solid phase {or two entirely new solid phases) and a liquid phase 
(alcoholic sulphuric acid *) until a definite concentration of sulphuric 
acid in alcohol, in equilibrium with the two solid phases, is reached. 
In the univariant systems so developed four phases arc assembled- 
two solid, one liquid, and one vapour. 

Conversely, when alcoholic sulphuric acids * act on the normal 
or hydrogen sulphates of sodium or ammonium, action takes place 
with the formation of a new solid phase and a similar uni variant 
system. 

Hence the reduction of the acidity of potassium hydrogen 
sulphate, trisodium hydrogen disulphate, and triammonium 
hydrogen disulphate by the action of dry alcohol appears to be a 
normal reaction and not due to the presence of water as an impurity 
in the alcohol. 

Attempts have been made to isolate other compounds of the 
type M 2 S0 4 ,H._»S0 4 (Schultz, Pogg. Anti., ISOS, 133, 137) in order 
to obtain a generalisation of the action of alcohol upon them. 

Lithium Hydrogen Sulphate (van Dorp, Z. physikal. ( hem., 1910 , 
73, 280). — Pure lithium sulphate (Found : S0 4 -- 87 o0. (’alt., 
S0 4 - 87 ‘47 per cent.) was made by igniting the monohydrale. 
purified by rcerystallisation. Attempts to crystallise the hydrogen 
sulphate from aqueous solutions containing even a large excess of 
sulphuric acid yielded crystals of lithium sulphate monohydrate 
more or less contaminated with sulphuric acid, which was com- 
pletely removed when the powdered crystals wore extracted with 
ether. When lithium sulphate was dissolved by heating it with 
excess of sulphuric acid ( d 10 1*7; Schultz, loc. eit.) y crystals 

having the following composition separated on cooling: — 

38*71 ; Li 2 S0 4 = o7*02 ; H.,0 4 27. Theory for LiHSCq requires 

H 2 S0 4 = 47 11; U,S0 4 = 5 2*89 per cent. Of a series of samples, 
only one was obtained which gave an acidity (47*00 per cent.) 
corresponding with theory for lithium hydrogen sulphate. In all 
other preparations, the acidity was low. r lhe acid is quanti- 
tatively extracted by alcohol or ether. A dry (ignited) porous 
saucer withdraws acid from the substance. 

* The alcoholic sulphuric acid* urr always partly esteriiied, ami tlms intro- 
duces a complication into the investigation. 
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Rubidium Hydrogen Sulphate. — Attempts to prepare rubidium 
hydrogen sulphate by treating rubidium nitrate with a small 
excess of sulphuric acid, evaporating to dryness, and igniting the 
residue were unsuccessful. This was due to the fact that it is 
difficult to remove the last traces of acidity from the preparation 
by prolonged ignition (compare Browning, Z . anory. Ckem 1902, 
29 140). The normal sulphate was made by evaporating a weighed 
quantity of rubidium nitrate with the calculated amount of sulphuric 
acid and igniting the residue (purity by S0 4 -estimation = 100' 11 
per cent.). An equivalent quantity of sulphuric acid was added 
to a weighed quantity of rubidium sulphate, dissolved in water. 
The solution w T as evaporated and the residue fused. The product 
was powdered in a hot agate mortar (acidity after extraction with 
ether = 26‘95. Theory for RbHS0 4 requires 26*80 per cent.). It 
was not deliquescent. The compound was treated with seven times 
its weight of pure, dry alcohol and then extracted with ether. 
Acidity of residue = 26 93 per cent. Rubidium hydrogen sulphate 
was also prepared from rubidium chloride and gave similar results. 
Rubidium hydrogen sulphate is not appreciably acted upon by 
either alcohol or ether. 

Caesium hydrogen sulphate was prepared from the nitrate by a 
method exactly similar to that described for the rubidium salt. 
Purity by S0 4 -estimation = 1 00*20 per cent. The salt contained 
a trace of potassium. It was not deliquescent. Acidity of ether- 
extracted CsHS 0 4 — 21*55 per cent, (theory for CsHS0 4 requires 
21*32 per cent.). After treatment with seven times its weight of 
alcohol for eighteen hours and subsequent washing with ether, 
its acidity was 21*36 per cent. Hence, caesium hydrogen sulphate 
is not appreciably attacked by cither alcohol or ether. 

Preparations of the hydrogen sulphates of silver, .strontium, and 
barium were attempted. Silver sulphate was dissolved in excess 
of hot concentrated sulphuric acid and the crystals which separated 
on cooling were drained in a desiccator. They were then pressed 
on a dried porous saucer. The barium and strontium salts were 
prepared by the same method, but the product was separated by 
eentrifugalisation. Both compounds were crystalline. 

Silver Hydrogen Sulphate. — Fine crystals, which turned blue on 
exposure to light (Found : H .,S0 4 — = 25*20. Calc, for AgHS0 4 , H 2 S0 4 
- 24*55 per cent.). After the compound had been kept for forty- 
eight hours on a porous saucer, the acidity fell to 12*08 per cent. 
Ether or alcohol extracts all the acid and, in the process, a large 
quantity of ethyl hydrogen sulphate is formed. When no attempt 
is made to protect from light the substance undergoing extraction, 
the residue is black. 

cc* 
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Barium Hydrogen Sulphate. — Original acidity — 46*40 per cent. 
BaS0 4 ,2H.,S0 4 requires 45*94 per cent. BaS0 4) H 2 S0 4 requires 
29*60 per cent, of H.>S0 4 . After the compound had been kept on 
a porous saucer, the following acidities were recorded at intervals : 
30*00; 19*80; 14*61; 12*41 and 8*99 per rent. Ether or alcohol 
extracts all the acid from these compounds. The rapidity of 
extraction is increased by pounding up the substance at intervals. 

Strontium Hydrogen Sulphate. — Acidity after isolation and 
pressure on a porous saucer = 34*24 per cent. (SrS0 4 ,H. ? S0 4 requires 
26*59 per cent.). Acidities determined on successive days — 24 09; 
15*93; 13*67 per cent. Alcohol or ether gradually extracts all 
the acid from the substance. 

The hydrogen sulphates may be cl ass i tied under four headings 
according to their behaviour with alcohol and ether. 

(1) Converted into neutral sulphate by alcohol or ether. 

Lithium hydrogen sulphate. Also the hydrogen sulphates of 

silver, strontium, and barium. 

(2) Converted into M.>H(SO,).> by alcohol (5 — 7 jxirts). . Unaffected 
by ether . 

Sodium hydrogen sulphate ; ammonium hydrogen sulphate. 

(3) Slightly affected by alcohol (7 }xtrts). I naff ected by ether. 
Potassium hydrogen sulphate: t rhodium hydrogen disulpliate: 

triammonium hydrogen disulphate. 

(4) Xot appreciably ufftrttd by alcohol or ether . 

Rubidium hydrogen sulphate ; caesium hydrogen sulphate. 

The amount of decomposition of the hydrogen sulphates of t be 

alkali metals by alcohol decreases with increase in atomic weight 
of the metal. 

The hydrogen sulphates in elates (I) and (2) are deliqia sniii. 
Those in classes (3) and (4} are nut deliquescent. Those hydrogen 
sulphates which are deliquescent are also considerably or completely 
decomposed by alcohol. 

Deliquescence. — If sodium hydrogen sulphate is dissolved in 
water, the first solid phase to separate on evaporation is the normal 
sulphate. An attempt was made to determine the composition of 
the first solid phase obtained when very small quantities of water 
act on sodium hydrogen sulphate. This was done by allowing 
sodium hydrogen sulphate, expu-id in thin layers, to deliquesce. 
The action was stopped arbitrarily. The *' deliquesced " substance 
was first extracted with ether in a Suxhlct apparatus to remove 
water and free sulphuric acid. Ether does not react with the 
sulphates of sodium. The acidity of the solid phase was then 
determined, and the weight of residue mi ignition (to discover if 
any water was present). The solid was next treated with dry alcohol 
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and washed with ether, and the acidity of the resultant compound 
determined. The analysis depends on the condition that alcohol 
will decompose sodium hydrogen sulphate, giving trisodium 
hydrogen disulphate, whilst the latter salt already present will be 
negligibly affected. The results are given below. The temperature 
was 30° and the vapour pressure 31 T>\ mm. 

Deliquescence of Sodium l{ yd roye. a Sulphate. 

i. ii. 

Water absorbed, calculated as percentage of the 

sodium hydrogen sulphate used 5-lU 0*02 

Percentage acidity after ether-extraction of tlx* 

substance after deliquescence 33-30 31-10 

Percentage acidity of the residue after treatment 
with alcohol and washing with ether 18-50 18-4 7 

Theory for Xa 2 H(S0 4 ) 2 requires 18 71 per cent, of H.S0 4 . 

These figures may indicate that, under these eondit ions at t he time 
the deliquescence was stopped, the solid phases were sodium, hydrogen 
sulphate (unchanged) and trisodium hydrogen disulphate, and the 
liquid phase, sulphuric acid and water, with a very small con- 
centration of sodium sulphate. Similar results were obtained for 
ammonium hydrogen sulphate on incomplete deliquescence. 

The Reaction between the. Fused Hydroqen Sul phot < of Sodium and 
of Ammonium and tke Xormal Sulphate* of th- Alkali Metals 
and of Ammonium . 

The action of alcohol on a mixture of molecular proportions of 
sodium sulphate and sodium hydrogen sulphate corresponds with 
the removal of sulphuric* acid and the formation of trisodium 
hydrogen disulphate from tin* sodium hydrogen sulphate present. 
If tire mixture be heated above tin* t< mporaum* of fusion and below 
the temperature of decomposition of sodium hydrogen sulphate, a 
product will be obtained which is sparingly attacked by alcohol 
and shows that there has been considerable formation of the com- 
pound having the formula Xa,H(S0 4 ).,. Now if fused sodium 
hydrogen sulphate combines directly with sodium sulphate, one 
would hope also to obtain evidence of the direct formation of 
an analogous “mixed* 1 intermediate sulphate, for example, 
XaR 2 H(S0 4 ) 2 , stable to alcohol . when the normal sulphate of a 
different alkali metal, R, is heated wiih fused sodium hydrogen 
sulphate. 

If, on the other hand, sodium hydrogen sulphate be regarded as 
composed of two components. Xu, SO, and H.,SO ; . the examination 
of the reaction which takes place when it is fused in contact with 
the normal sulphate of a different element. R. will involve the 
investigation of the ternary system R 2 K0 4 Xa.SO, In the 


iii. 

1242 

28-18 

18-51 
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instance quoted above, there would be a two-component system, 
and the compound Na 3 H(S0 4 ) 2 or 3Na 2 S0 4 ,H 2 S0 4 would be formed 
by the establishment of equilibrium of the sulphuric acid between 
the sodium sulphate presented as such and the sodium sulphate 
originally present as Na 2 S0 4 ,H 2 S0 4 . (A similar argument applies 
to the corresponding ammonium salts.) 

By examination of the results of fusion of MHS0 4 (M = Na or 
NH 4 ) with R 2 S0 4 (R = Li, NH 4 , Na, K, Rb, or Cs), the author hoped 
to obtain some insight into the reaction which takes place. 

The following assumptions, based on experimental evidence, are 
made : 

(1) MHS0 4 is decomposed by alcohol, giving M 3 H(S0 4 ) 2 . 

(2) Fused MHSG 4 can part with sulphuric acid under suitable 
conditions (vide Note I, p. 733). 

(3) M 3 H(S0 4 ) s ; KHS0 4 : RbHS0 4 ; CsHS() 4 are not appreciably 
affected by treatment with dilute alcoholic sulphuric acids, produced 
on treatment of the melt containing excess of MHS0 4 with alcohol. 

The action is confined to the hydrogen sulphates of sodium and 
ammonium because (1) they have low melting points, (2) they are 
the only two hydrogen sulphates obtainable in a state of purity 
w'hich have also been shown to give a definite product on treatment 
with seven times their weight of alcohol, and (3) the method of 
analysis is not applicable to compounds theoretically producible 
from the hydrogen sulphates of potassium, rubidium, and caesium. 

The reaction may proceed according to four types, a comparison 
of which is facilitated by using the simplest formula* and taking 
9 moles of MHS0 4 to 3 of R 2 S0 4 . In practice, excess of MHS0 4 
over these proportions was taken. The nature of the reaction 
was determined by comparison of the experimental with the cal- 
culated values for each type and by determination of the composition 
of the solid phase after alcohol treatment. 

Type I. — Alcohol extract* no acid from the powdered mill. 
3RjS0 4 . A- 9MHS0 4 3[2RHS0 4 * M 3 H(S0 4 ) 2 t]. 

after alcohol treatment - 3[2RHS() 4 -f- M 3 H(S0 4 ) 2 |. 

If R — Na or XH 4 , alcohol removes 2H 2 S0 4 from the rue It. 

If R — Li, alcohol removes 3H 2 S(.) 4 from the melt. 

Type II.— Alcohol extract* 1 molecule of and from the powdered melt- 
3R 2 S0 4 -r 9MHS0 4 - 3<M 2 S0 4 • 2RHS0 4 ) -j- 3MHti0 4 . 
after alcohol treatment -- 3(M„S0 4 2RHSO,) H M :} H(S() 4 ) 2 - 

hpi- 

With excess of MH80 4 , this could not be realised. A secondary 
action would take place between M 2 S() 4 and MH»S() 4 (vide Note !)• 

* The general rasi- would givi* xR t S0 4 ,.yH t S0 4 . t \ uh Note I- 
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Type 111.— Alcohol extracts 2 molecules of acid from the mdt . 
3R 2 S0 4 + 9MHS0 4 = 3R 2 MH(S0 4 ) 2 + 6MHS0 4 , 
after action of alcohol - 3R 2 MH(S0 4 ) 2 + 2M 3 H(S0 4 ) 2 + 2H 2 S0 4 . 

Type IV.— Alcohol extracts 3 molecules of acid from the melt. 
3R 2 S0 4 + 9MHS0 4 - 3R 2 80 4 + 9MHS0 4 , 
after action of alcohol == 3R 2 S0 4 f 3M 3 H(80 4 ), -f 3H 2 SO 

Dried ammonium hydrogen sulphate of slightly low acidity was 
treated as a mixture of NH 4 H80 4 and (XH 4 ) 3 H(S0 4 ) 2 (this vol., 
p. 478) and the results were calculated accordingly. 

As an example of the procedure, the action of ammonium hydrogen 
sulphate (more than 3 mols.) on rubidium sulphate (1 mol.) will he 
taken. A mixture of the two substances in known proportions 
was heated in a platinum basin at J90 for five minutes. After 
the ammonium hydrogen sulphate had fused, the basin was removed 
and the solidified melt (the loss of weight was negligible) was 
powdered in a hot agate mortar and replaced in the platinum basin. 
It was twice again melted and pulverised and then its acidity 
determined, it was treated with seven times its weight of dry 
alcohol for eighteen hours, and the product washed with ether 
and its acidity determined. This was cheeked against theory as 
calculated on the weights of the substances taken. A complete 
analysis of the product was often made. The acidities calculated 
for the four types were: Type I, 22*77. Type II, 19*78, Type III. 
16*57, Type I\ , 13*08 per cent. Experimental value 22 87 per 
cent. Therefore the type of reaction is Xo. 1 anti the products of 
reaction RbH80 4 and (XH 4 ) 3 H(S0 4 ) 2 . Several preparations were 
made of each kind in which the proportions of MHS0 4 to R,S0 
varied. A typical example is given under each head. Ether*has 
no action on the powdered melts. 

(1) Li 2 80 4 *r XaHS0 4 . Residual acidity 13*39 per cent 

Theory for Type IV - 1.V65 per cent. There is no action between 
lithium sulphate and sodium hydrogen sulphate. 

(“) (^H 4 )o 80 4 •-?- XaHS() 4 . Results valueless. Ammonium 
sulphate decomposes below the melting point of sodium hydrogen 
sulphate. * r 

(3) Na 2 80 4 -f XaHS0 4 . Residual acidity — 18*02 per cent. 

Product of reaction, Xa 3 H(S0 4 ) a . Vide Note I. 

(4) K 2 S0 4 -[ XaHS0 4 . Residual acidity 23*13 per cent. 

leurv for Type 1 24*90 per cent. Results low for potassium 

rogen sulphate (Type I), but very high for other types, 
^aicujated composition of the product of reaction, 4K„S0 1 .3If ) S0 1 
together with Xa 3 H(S0 4 ), (Type I). ' ‘ 4 ~ 1 

(o) Hb 2 S0 4 f XaHS0 4 . Residual acidity ,, 20*84 per cent. 
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Theory for Type I — 20\35 per cent. Products of reaction, HbJ IS0 4 
and j\ T a 3 H(S6 4 ) 2 . 

((») Cs 2 S0 4 -\- NaHS0 4 . Residual acidity = 20 29 per cent. 
Theory for Type I 19*02 per cent. Products of reaction, CsHSO 
and Na 3 H(S0 4 ) 2 . 

(7) Li 2 SG 4 4- NH 4 HS() 4 . Residual acidity — 1G*70 per rent. 
Theory for Type IV — 10*72 per cent. There is no action. 

(8) (NlljhSOj }- XU 4 HS0 4 . Residual acidity — 19 08 per cent. 
Theory for Type I or 111 = 19*84 per cent. Product of reaction, 
(XII 4 ) 3 H($0 4 ) 2 . Vide Note I. 

(9) Nno80 4 - XH 4 HiS 0 4 . Residual acidity — 19*20 per font . 
'Theory fur Type 1 - 19*40 percent.; theory for Type lil ] 9.72 
per cent. 17'/* Note 1 1. 

(10) K.>80 4 -r XIljHSO,. Residua! acidity = 21*21 per cent. 
Theory for Type I - 2“>'U9 per cent. : theory for Type III 18*0(1 
per cent. Calculated composition (Typo 1) approx. 2K 2 S(b,l]. 1 S() t 
and (XH 4 1 3 H(S(.) 4 ) 2 . 

(11) Rb 2 S0 4 XH 4 HS0 4 . Residual acidity =~ 22*87 per cent. 
Theory for Type 1 - 22*77 per cent. Products of reaction, KIiHSf > 4 
and (XH 4 1 3 H(S0 4 ) 2 . 

(12) Cs.>S0 4 — XH 4 HS(> 4 . Residual acidity ■ 20*87 per cent. 
Theory for Type 1 -• 20*7)7 percent. Products of reaction, CsllNO, 
and (XH 4 ) 3 H(.S0 4 ) 2 . 

Note 1— -The interaction of the hydrogen sulphates of sodium 
and ammonium with the normal sulphates with the formation of 
either unmixed intermediate sulphates or hydrogen sulphates 
(iR. v S0 4 .yH.,S0 4 ) is in conformity with the representation of the 
hydrogen sulphates as composed of two components, M.,*S0 4 and 
II,S0 4 , and with the view that the reactions observed involve the 
transfer of sulphuric acid from the hydrogen sulphate to the normal 
sulphate in the establishment of equilibrium. The hydrogen 
sulphate (in excess) is converted into a compound or mixture. 
uMoS() 4 ,hH„S0 4 , which, with alcohol, gives the intermediate 
sulphate, M 3 H(SO t ) 2 . Hence, it appears that Xus. (2) and (S) are 
of Type I and not of Type 111. 

Note 11. — This would suggest that the final products in Xo. (10 
are (XII 4 ) 3 H(S0 4 ) 2 and Xh ; ,H(S 0 4 ) 2 and that the reaction does imt 
give any mixed intermediate sulphate (Type 111). 

Note III. — There is no evidence of the formation of a ” mixed 
intermediate sulphate (Type 111) in any of the reactions. 

Tut Chkmpwi. Laboratories, 

G o v r:i ; n m i . s t Coll k< ; 

Lahore, I’cnjus, India. Kirnral , XovcmUr 10//*, 19---J 
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LXXXVII. — A Direct Synthesis of certain Xanthylium 
Derivatives . 


By David Doio Pratt and Robert Robinson. 

In the course of experiments on the synthesis of pyrylium salts 
related to the anthocyanidins attempts have been made to condense 
together under the influence of hydrogen chloride at the ordinary 
temperature a reactive phenol, a carboxylic acid or a derivative 
thereof, and a fatty -aromatic ketone. Particularly when the 
phenol employed was phloroglucinol the formation of nxnnium 
compounds was frequently observed, but further investigation 
showed that the ketone added did not participate in tin* reaction 
and that the products were xanthylium salts. A short digression 
from the main course of the investigation has been made in order to 
study this reaction and to determine the conditions most favourable 
for its occurrence. Apparently the only acid which gives satis- 
factory results is formic acid, and this may be applied in the form 
of ester or ortho-ester. The various phenols behave very differently 
and fall into five groups represented by phloroglucinol, orcinol, 
fbnaphthol, resorcinol, and /w-eresol. When hydrogen chloride is 
passed into a cold solution of phloroglucinol in ethyl formate, 
orange crystals of 1:3:0: VdttrahjdroxyxanlhyUuin chloride ■ (1) 
will begin to separate in two or three minutes and the yield ultimately 
obtained is almost quantitative. The experiment represents what 
is probably the simplest recorded formation of an oxouium salt 
containing the pyrylium nucleus ami is admirably suited for 
purposes of demonstration. Under similar conditions, orcinol 
behaves in an analogous manner, but the reaction is sluggish. In 
this case a satisfactory yield of 3 : i\-dihi/droxy-\ : S-dhnfthyLvanthyl- 
mn chloride (II) is best obtained by leading hydrogen chloride 
through a solution of the dihydric phenol in a mixture of ethyl 
formate and ethyl orthoformate. 
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p-Naphthol requires ethyl orthoformate alone, and the yield of 
dinaphthapyrylium chloride is not good. The method provides a 
convenient process for the rapid preparation of this salt in small 
quantities. In presence of hydrogen chloride, resorcinol (and 
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pyrogallol) condenses slowly with ethyl formate and rapidly with a 
mixture of ethyl formate and ethyl orthoformate, but the product 
is abnormal and has not yet been completely investigated. It is 
undoubtedly an oxonium salt and dissolves in water, the colour of 
the solution resembling that of the permanganates. Addition of 
sodium acetate precipitates an orange-yellow compound. Only 
traces of oxonium salts were obtained from most phenols, for 
example, from quinol, catechol, phenol, and m-cresol. Obviously 
the reaction is of limited application, but it gives very good results 
in the two cases first mentioned, and it is unlikely that these 
examples are unique. 


Experimental. 

1 : 3 : 6 : S - Tet ret h yd roxyxa n thyl i u m Chloride {Formula I).— A 
moderate stream of hydrogen chloride was passed through a cold 
solution of anhydrous phloroglueinol (5 grams) in ethyl formate 
(30 c.c.) during twenty minutes. The liquid at once assumed d 
clear orange colour and crystallisation of the product commenced 
in two minutes. An equal volume of ether was added and the 
substance then collected, washed with ether, and dried in the air: 
5*7 grams of an orange-yellow powder were obtained. On warming 
with water, an orange- brown solution was produced and there was 
also a small, floceulent precipitate. The addition of a drop of hydro- 
chloric acid gave a clear yellow* solution, from which the chloride 
crystallised in microscopic, yellow, rectangular prisms. These did 
not redissolve on heating and were very sparingly soluble in hot 
dilute hydrochloric acid In more concentrated acid, they dissolved 
readily, and this behaviour probably indicates that a dihvdrochloride 
was formed. The salt was crystallised from hot, very dilute 
hydrochloric acid and dried in a vacuum (Found: 0 = 52*5; 
H = 3*9. C 13 H 9 0 5 C‘1,H 2 0 requires C - 52*4 ; H - 3 7 per cent.). 
On heating, the salt darkens at 100", probably owing to loss of solvent 
of crystallisation : it then becomes dark brown at 250°, but does not 
melt or suffer serious decomposition below 330°. The substance 
is insoluble in most organic solvents, but dissolves readily in methyl 
or ethyl alcohol to an orange solution. The solution in alkalis is 
orange-red. The sulphate is a sparingly soluble salt, obtained as 
an orange-red, floceulent precipitate, becoming crystalline on 
boiling, when water is at once added to a solution of the chloride 
in concentrated sulphuric acid. The picrate crystallises from 
dilute solutions in hot ethyl alcohol in yellow* needles. From more 
concentrated solutions a red modification separates in addition. 
The yellow needles darken, but do not melt when heated at • 
The ferrichloridc having the normal composition could not be 



A DIRECT SYNTHESIS OF CERTAIN XANTHYLIUM DERIVATIVES. 741 

obtained. The derivative prepared in the usual manner was 
crystallised from acetic acid. The slender, yellow needles darkened 
at 280 , became almost black at 310°, but did not melt at 330° 
(Found : C = 57*3 ; H = 3‘6 per cent.). Another specimen was 
crystallised from ethyl alcohol containing ferric chloride and hydro- 
chloric acid . The microscopic, yellow prisms became black at about 
300°, but did not molt (Found : C = ”>1*2; H - 3 9 per cent.). 
Both specimens appeared to be homogeneous and contained iron, 
and are probably double compounds of the ferrichloride with the 
acetate and chloride, respectively. 

TT 

1 : 6 : 8-Trihydroxtjifluoro)ifi, 1°| | 7 | i^H — \ filtered 

' /\/\/ 

OH OH 

solution of potassium acetate in ethyl alcohol was added to a 
hot filtered solution of tetrahydroxyxanthylium chloride in the 
same solvent. An orange-red precipitate was at once thrown 
down and this was collected, washed with water, and dried at 150" 
The substance then assumed a deep red colour ; it darkened slightly, 
but did not melt at 330° (Found : C — 64*1 ; H -= 3-3. 0 H O- 
requires C = 63 9; H = 3 3 per cent ). The substance is very 
sparingly soluble in most organic solvents, but dissolves in alcohol to 
a yellow solution exhibiting green fluorescence. It is moderately 
soluble in hot water, and the red solution becomes yellow on the 
addition of a drop of hydrochloric acid : subsequently tetrahvdroxv- 
xanthylium chloride will crystallise out in the usual form. The 
formula employed at the head of this section, and also below, to 
represent the constitution of a fluorone requires some explanation. 
Essentially it expresses the phenol-betaine view of the nature of 
these substances and is in accordance with Pfeiffer's theory of 
betaines ( Ber. f 1022, 55, \B], 1762). The conception that* the 
molecule has a bipolar salt-like character is in harmony with the 
physical and chemical properties of the fluo rones, but the subject 
need not be discussed in detail in this place, because experimental 
work is in progress which has a direct bearing on the problem. 

3 : Q- Dihydroxy. \ iS-dimethi/lrantht/lium Chloride (Formula II).— 
Orcinol (5 grams) was dissolved in ethyl formate (20 c.c.) and ethvl 
orthoformato (5 c.c.), and a slow stream of hydrogen chloride passed 
through the solution during three-quarters of an hour. The liquid 
became red very quickly and after about five minutes crystal- 
lisation of the product could be induced by cooling and scratching 
the sides of the containing vessel. After allowing to remain during 
bout twelve hours, the separated crystals, which filled the liquid” 
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were* collected, washed with ether, and dried in the air (4*7 grams). 
The crude product, an orange- brown powder, is pure enough to be 
utilised in most experiments and is difficult to rccrystallise owing to 
its extremely sparing solubility. From a large volume of very dilute 
boiling hydrochloric acid it separates in red prisms exhibiting a striking 
green glance (Found: C = 61*2; H = 5*3. C 15 H 13 0 3 C1,H 2 0 

requires C — Gl*2; H — 5*1 per cent.). This salt blacken* 
at about 280°, but does not melt below 330 \ It is readily soluble 
in methyl or ethyl alcohol to red solutions, but is very sparingly 
soluble or insoluble in other organic solvents. Unlike the phloro- 
glucinol derivative just described, it does not appear to form a 
dichloride and does not dissolve in moderately concentrated hydro- 
chloric acid. When the chloride is washed repeatedly on a filter 
with hot dilute sodium acetate solution, it is converted into the 
tluorone described below. 

The chocolate powder was washed with water, dried, and dissolved 
as far as possible in boiling glacial acetic acid. On cooling, the 
filtered red solution deposited needles which in mass are reddish- 
brown and exhibit a line green reflex, whilst under the microscope 
the individual, transparent crystals are seen to be orange-yellow. 
The substance was collected and dried in a vacuum over sulphuric 
acid (Found: 0 — 04*4: H — .V6. C 17 H 16 0 5 ,H 2 () requires 

0 — 64*2; H — 5*7 per cent.). This substance is therefore the 
acetate with one molecule of water of crystallisation. On heating, 
it darkens at 29(U and appears to melt at 30”>\ Dihydroxydi- 
methylxanthylhim picrate separates in glistening, golden -yellow 
leaflets when aqueous picric acid is added to a solution of the chloride 
in dilute hydrochloric acid. The derivative, which may be crystal- 
lised from alcohol, darkens at 230' and decomposes at 252'. Tin* 
ferrichloride is probably abnormal, like the corresponding pliloro- 
glucinol derivative. It crystallises from acetic acid in yellowish- 
brown prisms with intense peacock-blue reflex. When heated at 
330', it gradually blackens but does imt melt. 

IP 
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substance is probably identical with the “ homofluoresceiii ” ob- 
tained by Schwarz (Her., 1880, 13.543) by the action of chloroform 
and potassium hydroxide on orcinol, and also with the hydroxy* 
dimethvlfiuorone which Mohlau and Koch (Her., 1894, 27, 2890) 
prepared by the action of aluminium chloride on inethylenediorcinol. 
It is most conveniently obtained by the action of hot aqueous sodium 
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acetate on dihycU’oxydimethylxanthyliuin chloride. The crude 
product was washed with water, dried, and crystallised from glacial 
acetic acid containing sodium acetate. As stated above, tin* 
substance is sparingly soluble in hot glacial acetic acid and crystal- 
lises as an acetate, but it is much more soluble in presence of sodium 
acetate and separates on cooling as free fluorouo. The compound 
has a groat tendency to retain mineral matter, and the earlier 
specimens prepared gave, on analysis, results which were about 
:\ per cent, too low in carbon. Using pure materials and washing 
the crystals thoroughly with hot water, a pore product was obtained, 
and this was dried at 150 (Found : C -- 74*9; H -- 5*1. . C 15 H 12 0 ;1 
requires C -- 75*0; H — 5 0 per cent.). The fluorone crystallises 
in dark rod needles which exhibit a green reflex, and oil heating it 
darkens at 280°, but does not melt at 330 . It is very sparingly 
soluble in organic solvents, but dissolves to some extent in boiling 
ethyl or f.soamyl alcohol and crystallises on cooling the solutions. 
It is also slightly soluble in hot water to a yellow solution. 
Although extremely sparingly soluble in cold water, it imparts a 
vivid green fluorescence to the solution. The smallest visible 
crystal smeared on filter-paper and added to 100 c.c. of water 
produces a remarkably brilliant effect, which only reaches its full 
intensity after some hours owing to the slowness of the process 
of solution. The fluorescence in alcoholic solution is greenish -yellow. 

3 : 0 -Dinirthoxy-l : 8 - dim eth >/lra rilltyl l um Ferrichlorufc, 
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— Dihydroxydimethylxanthylium chloride (2*5 grams), suspended 
in ethyl alcohol (100 c.c.). was gradually treated with a large excess 
of methyl sulphate (50 c.e.) while concentrated aqueous sodium 
hydroxide was added from time to time so as to keep the solution 
alkaline. The reaction product was diluted with water and a 
yellow precipitate separated This was converted into a Jerri- 
chloride by the addition of an excess of ferric chloride dissolved in 
concentrated hydrochloric acid, and the derivative was collected 
ami crystallised from acetic acid (yield - 3*0 grains). The 
substance was reervstallised from acetic acid, in which, it is some- 
what sparingly soluble, and obtained in orange -yellow, lanceolate 
crystals melting at 221 L after darkening at 200 (Found : 0 -- 44*0; 
H = 3*0. C\ 7 H 17 OAhY requires V - 43 8 ; H - 3*8 per cent.). 

4he substance dissolves in sulphuric acid to a yellow solution 
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exhibiting green fluorescence, and in hot water to a yellow solution 
which gives a straw-coloured precipitate on the addition of sodium 
acetate. 



Dinaphtkapyrylium Chloride, | | | | .—Salts of this 

\/\/\/ 

0 

cT 

series are readily accessible and have been more thoroughly 
investigated than any other oxonium compounds. The long 
series of papers by Fosse from 1901 onwards have brought to 
light many surprising reactions of the related pseudo-base, and a 
complete list of references will be found in Meyer and Jacobson s 
“ Lehrbuch/’ 1920, Vol. II, Part III, 771. The substances 
described below’ have been previously obtained by Fosse, but we 
contribute some new details in regard to them. {3-Naphthol (10 
grams) is dissolved in ethyl orthoformate (15 c.c.), and a slow 
stream of hydrogen chloride passed through the cold solution during 
three hours. The liquid quickly darkens and crystallisation may 
be induced after thirty minutes. After allowing to remain in a 
closed vessel during twelve hours, the dinaphthapyrylium chloride 
is precipitated by the addition of ether, and then collected, washed 
with ether, and dried (2 0 grams). The main product of the reaction 
is ^-naphthyl ethyl ether, and this could be isolated from the filtrate, 
The crude salt is practically pure and on boiling with water gives 
a slightly pink precipitate of bis(dinaphthapyryl) ether, which 
after crystallisation melts at 250 5 . Dinaphthapyrylium picrate 
separates in glistening needles when a solution of picric acid in 
acetic acid is added to a solution of dinaphthapyrylium chloride 
in the same solvent. This beautiful substance is reddish-crimson 
and has a coppery lustre. It melts at 239 ', having lost its metallic 
appearance at 205°. Dinaphthapyrylium ferrichloride is extremely 
sparingly soluble in boiling acetic and formic acids, and can best 
be prepared in a crystalline condition by mixing hot dilute solutions 
of dinaphthapyrylium chloride and ferric chloride in glacial 
acetic acid. It separates in glistening, orange-brown needles 
melting at 288° (Found: C = 52-9; H — 2-9. C 21 H 13 OCi 4 Fe 
requires C = 52-7 ; H = 2*7 per cent.). 

The use of derivatives of acids other than formic acid was not 
found to give satisfactory results in syntheses of xanthylium salts. 
When hydrogen chloride was passed into a solution of phloro- 
glucinol in ethyl acetate, an intense yellow colour was developed and 



A SYNTHESIS OF PYRYLIUM SALTS. PART II. 


745 


a small amount of a yellow oxonium salt separated. This was 
collected and found to crystallise from dilute hydrochloric acid in 
bright yellow balls of needles, and in its reactions it closely resembled 
tetrahydroxyxanthylium chloride, of which it is doubtless the 
9-methyl derivative. The main product was an unerystallisable 
viscid oil. 

One of us (D.D.P.) desires to express his gratitude to the Carnegie 
Trust for the award of a Scholarship which has enabled him to take 
part in this investigation. 

Chemistry Research Laboratory, 

The United College of St. Salvator and St. Leonard, 

The University, St. Andrews. [Received, March 7 Ih, 1023.] 


LX XXV III . — A Synthesis of Pyrylium Salts of Antho' 
cyanidin Type. Part II. 

By David Doig Pratt and Robert Robinson. 


In Part I (T., 1922. 121, 1580), a preliminary account was given 
of a method of preparation of certain derivatives of 3 -hydroxy - 
pyrylium, which is the characteristic nucleus of the anthocyanidin 
salts derived by hydrolysis of the naturally occurring anthocyanin 
pigments. Some further examples of the application of the process 
are now recorded. The met hoxy.com pounds related to the ethoxy- 
ami phenoxy-derivatives down lied in the earlier communication 
have been prepared from w- w dho.rya ertophtn one . Magnesium anisyl 
bromide and methoxyaeetonitrile yield, ultimately, <» : 4-dimethoxy- 
acetophenone (1), and this ketouc is readily converted into pyrylium 
salts which are more intensely coloured than those derived from 
u-metho x vacet oph or. one . By condensation with salicvlaldehyde in 
alkaline solution and treatment of the resulting unsaturated ketone 
with hydrogen chloride in ether, the oxonium salt was produced in 
good yield ; the substance was analysed in the form of ii*ferrichforidc 
(11), which crystallises in red needles. 

w : 4* Di met hoxyaeeto phenone and resorcylaldehyde condense in 
glacial acetic acid solution under the influence of hydrogen chloride 
with formation of 1 hydroxyl : A'-dinuihoxy-'l- phcntflbenzopyrylium 
chloride (111), which crystallises in crimson needles. 
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The introduction of further hydroxyl or alkyloxy-groups into 
the acetophenone component in these syntheses was found to be 
a matter of considerable difficulty. Whereas, as is well known, 
p-bromoanisolc reacts readily enough with magnesium with form- 
ation of a normal organo-magnesium derivative, 4-bromoveralroIe 
could not be converted into magnesium veratryl bromide. The 
interaction of mcthoxyacetonitrile and catechol or veratrole in the 
presence of a variety of catalysts yielded only traces of the desired 
products. The condensation of ethoxyacetyl chloride and veratrole 
under the influence of aluminium chloride in carbon disulphide 
solution led to the formation of a substance which should be 
(r)-ethoxyacetovcratrone (IV), since it gives the expected analytical 
results. But this substance cannot be employed for the preparation 
of pyrylium salts, since it condenses neither with salicylaldehyde in 
alcoholic solution containing potassium hydroxide nor with resorcyb 
aldehyde under the usual conditions. There is certainly some 
dubiety in regard to the constitution of this compound, but it is 
difficult to suggest an alternative view of its nature. Better results 
in this series were obtained in the following manner. A good yield 
of (u-chloroaectovanillone (V) results from the condensation of 
ehloroacetyl chloride and veratrole in cold carbon disulphide solu- 
tion in presence of aluminium chloride. The constitution of the 
substance follows from its reduction to acetovanillonc, which can 
be effected by treatment with iron and sulphuric acid in alcoholic 
solution. The reaction has been previously studied under more 
drastic conditions which involve complete dcmethvlation of the 
product (Stephen and Weiszmann, T., 1914, 105. 1048). The 
ferriehloride (VI) was obtained frmn the chloro-ketone by sucivs- 

_0Mc 

.MrO 7 ' CO-CH.. Mi'O / N COCH.CI ° OH 

McO OEt HO ‘ . ,'oh 

(IV.) ' (V.) (VI.) 

sive treatment with potassium acetate in boiling alcoholic solution, 
salicvlaldchyde in alcoholic potassium hydroxide, hydrogen chloride 
and hydroferrichloric acid. The first stage is no doubt, the produc- 
tion of w-aceloxyacetovanillnne, and this may be hydrolysed by 
boiling with an aqueous suspension of barium carbonate to 
w-hydroxyacetovanillone, which has been characterised by its 
dchydrodiphcnyihydrazone (VII). By methylation of w-ehlnro- 
acetovanillonc*, the known w-chloroacetoveratrone was obtained 
and this was hydrolyse d to * -hydro xyaoctoveratrone bv a method 
similar tn that already mentioned. 'Pile uncrystallisabh* oil 'uus 
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then methylated by means of silver oxide and methyl iodide, and 
the crude <j - methoxyaceto veratronc condensed with resoreylaldehydo 
in the usual way. The salt was isolated as ferrichloride (V'lII) and 
is of interest because on deni ethylation it should yield the anthocy- 
anidin corresponding to the fiavonol iisetin (IX). in order to render 


MeOr 7 X C(:X 2 HPh)‘CH:X 2 H Ph 

H0 \/ 

(VII.) 


my 


FeC! 4 

\ aT 


_OMe 

)OMe 


,/OMe 

(VIII.) 


an extended examination of this interesting compound a feasible 
proposition, we are attempting to devise an improved method 
of preparation of <»- methoxyaceto veratronc. The specimen of the 
latter substance which we have employed distilled over a small 
range of temperature, but as it could not be crystallised we consider 
that it must contain some impurity. The oil could be completely 
converted into two quite distinct semicarbazones, both of the 
expected formula, Ci«H 1? 0 4 X 3 . One of these is undoubtedly the 
semiearbazone of w-methoxyaeetoveratrone, and the other may 
be a sic reoi soin eric semiearbazone of the same ketone. In view, 
however, of the possible conversion of the w-hydroxyaeetovoratrone 
into a related a-hydroxyvcratrylacetaldehydo in the faintly alkaline 
aqueous solution, a change analogous to that of fructose into 
glucose, it is also conceivable that tiie second semiearbazone has 
the formula bMe())X^H 3 44I{(i>]e)<di;N-All< , ()%\H., 

The point will he decided subsequently if we are fortunate enough 
to succeed in preparing w-metlmxvaeetnveratnmc bv a process 
not defending on mothylation of verutrnyjea Hanoi. and in the 
meantime the semiearbazones are designated r.s veratrylmethoxy- 
acetaldehyde semiearhazones (u) ami (h). We had hoped that it 
would he possible to recover the pure k< tone from the semiearbazone, 
but this does not appear to Ik* practicable, as hydrolysis under all 
conditions attempted leads to decomposition. As we design to 
prepare ultimately the anthoeyanidin corresponding to morin, 
w-hydroxyresacetophenone derivatives liave been investigated from 
the point of view of their applicability to the svnthois of pvrvlium 
salts. 

~ : 4-Trimethoxyacctoplten«>ue (Slater and Stephen. T., 
IH-b, 117, 1114) and rcsorcyialdehyde yield the salt (X), but in this 
rase a considerable amount of a dark crimson by-product is formed. 
A similar substance is the sole 1 product of the condensation of 
n'sortylaideliyde and fN-methoxyn'saeelnphemme (Slater and 
•Stephen, lor. c,7., p. ,’»!:?) in glacial acetic acid solution by means of 
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hydrogen chloride. This substance is crystalline and produced in 
high yield, but its investigation is not yet completed. 

(IX.) nofV °'frC,H 3 (OH) 2 

l A /C‘OH 
CO 

Comparison of 2-phenylbenzopyrylium salts with corresponding 
substances containing a hydroxyl or an alkyloxy-group in position 3 
shows that the latter are the more intensely coloured. The form- 
ation of colourless pseudo-bases under the appropriate conditions 
first observed by Willstattcr and his collaborators with the natural 
pigments, is characteristic of the 3-oxy-substituted pyrylium types. 
This statement applies to salts of true flavylium structure, hydroxy - 
lated in the positions 7 or 4' so that the formation of a quinhydronoid 
or quinonoid anhydro-colour-base is a possibility. Within these 
limits of comparison, the favourable influence of the attachment of 
oxygen to position 3 on ease of pseudo-base formation is very 
noticeable. 

Experimental. 

u-Metkoxyacetophenone, C 6 H 5 *CO*CH 2 *OMe. — This ketone has 
been obtained by a method which is essentially that adopted by 
Sommeletfor the preparation of w-ethoxyacetophenone (An??. (.'him,, 
1900, 9, 521). An ethereal solution of mcthoxyacctonitrile (104 
grams; Polstorff and Meyer, Her., 1912, 45, 1911) was gradually 
added with cooling to a solution of magnesium phenyl bromide 
(from 22*9 grams of bromobenzene and 3*5 grams of magnesium in 
150 c.c. of ether). The colourless additive compound separated at 
once and, after allowing to remain during twelve hours, the mixture 
was decomposed by ice-cold water and then by means of cold 
dilute sulphuric acid. The separated ethereal layer was washed 
with aqueous sodium carbonate and water and dried by anhydrous 
sodium sulphate. After removal of the solvent, the residual oil 
was distilled under reduced pressure, w- Mrthoxffacctophe no?ie is a 
colourless, mobile oil which boils at 228 — 230' 700 nun. and 11S— 
120°/15 mm. (Found: (■ -=72*2; H - 6*6. C 9 H 10 O 2 requires 

C = 72*0; H — 6’7 percent.) (« -- 1*5410 by the Abbe instrument). 
The substance is readily soluble in most organic solvents and 
condenses with 6-aminopiperonal, on wanning in methyl-alcoholic 
solution containing a little potassium hydroxide, to a methoxjf- 
methylenedioxyphenylqui*wlinr which exhibits a fine violet fluores- 
cence in dilute acetic acid solution. The sem tea rba zone crystallises 
from ethyl alcohol in small, colourless needles melting at 85 . 


FcC1 4 

\AK 


OMe 


H °r x n~\ / oMe 

\/\/OMo" 


(X.) 
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3- Metkoxy-2-pkenylbenzopyrylium Ferriehloride, / \ ph 

l\ J. J OMe* 

—The condensation of w-methoxyacetophenonc and salieylaldehyde 
was effected exactly as already described in Part I (foe. cit., p. 1580) 
in the case of w-ethoxyacctophenone. Four grams of w-methoxy- 
acetophcnonc yielded 3 5 grams of pure phenyl 2-hydroxy-|3-methoxy- 
styryl ketone, HO-C ( .H 4 *CHICBz*OMe, which crystallises from 
methyl alcohol in almost colourless, rectangular prisms melting at 
155®. The substance is rather sparingly soluble in alcohol and 
ether and dissolves in dilute alkali to an orange-yellow solution. 
This unsaturated ketone (5 grams), dissolved in anhydrous ether 
(100 c.c,), was converted into the oxonium ferriehloride by the 
successive action of hydrogen chloride and ferric chloride dissolved 
in concentrated hydrochloric acid as recorded in the case of the 
ethoxy-analogue (lor. rif.), the yield being 5 grams. The substance 
crystallises very well from acetic acid in long, golden -yellow, rect- 
angular prisms melting at 1!8 : (Found: C— -44*5: H = 3‘l. 
C^H^O/Jl^Fe requires (' - 44 3; H - 3*0 per cent.). This salt 
is sparingly soluble in chloroform to an orange-yellow solution and 
dissolves readily in methyl alcohol to a yellow solution which, on 
the addition of water, gives at first a colourless suspension and then 
on warming a clear, colourless solution which soon becomes faintly 
yellow. Addition of hydrochloric acid regenerates the oxonium 
salt. The ferriehloride is decomposed by water, and the pseudo- 
base passes into the colourless solution. The yellow solution in 
concentrated sulphuric acid exhibits pale ivy-green fluorescence. 

7 -Hydroxy -Z-mrthoxij-'l- phenylbenzopyri/li uni Ch loridf . 

n * 

HO 0 Ph 
v OMe 

A\ hen a stream of hydrogen chloride was passed through a solu- 
tion of met ho xy acetophenone (4*5 grams) and 3- resorcyl aldehyde 
(4-1 grams) in glacial acetic acid (10 c.c.), orange-red crystals of 
the oxonium salt soon began to separate and. after allowing to 
remain during a few hours, completely filled the liquid. The 
substance was collected, washed with ether, and dried (7 0 grams). 
A further quantity can lx* recovered from the filtrate by the addition 
of ether or in the form of ferriehloride. The substance was crys- 
tallised from hot dilute hydrochloric acid and obtained in clusters 
of orange-red needles which, after drying in a vacuum over sulphuric 
acid, were found to be anhydrous (Found : 0 -- CO-7: H 4*7. 
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C 16 H 1;i 0 3 Cl requires C GG*6; H -- 4’’) per cent.). On lieu ting, 
the salt darkens at 100° and decomposes at -02°. It is soluble in 
alcohol and chloroform to yellow and orange -red solutions, respect- 
ively. The yellow solution in concentrated sulphuric acid exhibits 
bright apple-green fluorescence. A carmine precipitate of the colour 
base is produced by the addition of sodium acetate to a moderately 
concentrated solution in dilute hydrochloric acid and when the 
substance is so obtained it shows no tendency to change. ]f ) 
however, an excess of tap-water is added to a little of the finely 
pulverised chloride, a clear, bright carmine solution is obtained ami 
this rapidly becomes colourless on the addition of a drop of acetic 
acid, whilst hydrochloric acid regenerates the yellow colour of the 
oxonium salt. With distilled water, the reaction is different, a pule 
yellow solution being produced at once, and this is decolorised in a 
few seconds, the orange-yellow colour being restored by the addition 
of hydrochloric arid. If a drop of neutral calcium chloride solution 
is added to the distilled water, the reaction resembles that of tap- 
water. On warming with sodium acetate or on treatment with 
sodium carbonate or sodium hydroxide in the cold, all forms, 
oxonium salt, pseudo-base, and colour-base, give yellow solutions 
which no doubt contain the corresponding unsaturated ketone. 
The f (Trichloride crystallises from acetic acid in red, hexagonal 
prisms which exhibit a green lustre and melt, at 143° after softening 
at 134 \ At the suggestion of Dr. R. C. Menzies we have examined 
the double I Gallic chloride, which is obtained as a red precipitate 
when a hydrochloric acid solution of thallic chloride is added to a 
solution of the oxonium chloride. The substance crystallises from 
acetic acid in brick-red needles melting at 1 44 1 . The analytical 
results indicate a complex composition, but reference to the litera- 
ture shows that ibis is the rule rather than the exception among 
thallic compounds (Found: C -- 40*0, 4.V0 : H —4*8, 4*4: loss 
at 100’ — ”r7. 3C 1B H 1 .j0 a Cl.TICl ;) .4H 2 0 requires C - - 4(i*l ; H -- 3*9; 
H 2 0 = AS per cent.). The substance, dried at 100 , lost no 
further weight at 120\ 

w:4 'L)iitif.i1;o.c:j<ic< tophniom (Formula 1). This ketone was 
prepared from magnesium anisyl bromide and methoxyacetnnitrik' 
by the method described above in the ease of w-nicthosyaccto- 
phenone. The yield from ilo grams of the nitrile was lo grams of 
the pure substance boiling at IS7> -100 37) mm. The colourless oil 
crystallised on cooling and rubbing and the compound was rrcrys- 
tallised by the addition of much light petroleum to a moderately 
concentrated solution in benzene. The colourless, glistening plates 
melt at 40 J (Found: C fJ0*N: H — 0*3. C, u Hi 2 ^3 
C =- Gfi*7 ; H G*7 [wr cent.). 
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w : 4-Diraethoxyacctoplienonc is readily soluble in organic solvents 
ttith the exception of light petroleum. The d imdhoxy methyl - 
cited ioX'ipkrvjjlfjm noli n r obtained by condensation with G-amino- 
piperonal exhibits bright, pure blue fluorescence in dilute acetic acid 
solution. The semi carba zone crystallises from alcohol in colourless 
plates melting at 149°. 

4 -Methoxyph en yl - 41 ydrox y- fi - mdhoxyd yryl K done , 

/ X , 0 H 90 \ OMe 

CHIC-OMiT 

—A mixture of w : 4-dimethoxyacetophenone {4 grams), sal icy lalde- 
hyde (-'8 grams), potassium hydroxide (To grams), and methyl 
alcohol (100 e.e.) was boiled under reflux during two hours, cooled, 
diluted with water, and acidified by acetic acid. The crude product 
so precipitated was collected (3*0 grams) and crystallised from methyl 
alcohol, in which, as in ethyl alcohol and ether, the substance is 
somewhat sparingly soluble. It crystallises in small, almost colour- 
less, rectangular prisms molting at 100' (Found : C --- 71 - 9 ; H --- 5*8. 
( V H] 4 () 4 requires -- 718; H -- 5 0 per cent.). The compound 
dissolves readily in chloroform and in dilute aqueous potassium 
hydroxide to an orange -yellow solution. 

3 : V - Di nidhoxy-'l- ph( nylbe nzopy) ylhi u\ Ferriclxloridn (Formula 
II). — The unsaturated ketone described in the preceding section 
(30 grams), dissolved in dry etiicr (10(1 e.e.). was converted into the 
pyrvlium salt by the action of a stream of hydrogen chloride during 
au hour. After tin* addition of a solution of ferric chloride in 
hydrochloric acid, the solvent was removed by careful distillation 
and tiie precipitate of ferri chloride collected and dried (2*8 grams). 
The substance crystallises very well from glacial acetic acid, being 
readily soluble in the hot solvent and sparingly soluble in the cold, 
and separates in clusters of hair-tine, orange-red needles melting 
at 135 : (Found: C — 44-0: H 31 . (' 17 H 15 0 3 ('l 4 Fe requires 
C — 44 0; H lh2 per cent.). This salt dissolves in alcohol and 
chloroform to yellow and red solutions, respectively. The orange- 
red solution in dilute hydrochloric acid becomes colourless on the 
addition of sodium acetate and the colour is restored by ivaculilie- 
ation. The vivid jade-green fluorescence which is exhibited by a 
solution in concentrated sulphuric acid is much bluer ami brighter 
than that given by Tmethoxy-2-pheiiylben/.opyrylium ferri chloride 
(see above). 

7 - Hydroxy - 9 : 4' - dinn thoxy - 2 - pin nylbnizopyryliitm ( blonde 
(formula III) - Hydrogen chloride was passed during one and a half 
1 lours through a solution of <» : Tdimethoxyacetophenone (.VO grams) 
and [i-resoreyl aldehyde {4 1 grams) in glacial acetic acid (Id e.e.). 
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The liquid quickly assumed a violet-red colour and after about 
twenty minutes crystallisation of the product commenced. The 
chloride was collected, washed with ether, and dried (7 0 grams). 
This salt crystallised from hot dilute hydrochloric acid in intense 
crimson, very slender needles, which were dried over sulphuric 
acid in a vacuum (Found : C = 60*8; H = 5*0. C 17 H 15 0 4 C1,H 2 0 
requires C = 60*7 ; H — 5-1 per cent.). The substance decomposes 
at 218° after darkening from 206°. It dissolves in chloroform to an 
orange-red solution and in alcohol to a yellow solution. The 
fluorescence of a solution in concentrated sulphuric acid is brilliant 
apple-green. The colour-base is obtained as a dark reddish-violet 
precipitate on the addition of sodium acetate to a solution of the 
chloride in dilute hydrochloric acid. The finch' ground salt, treated 
with an excess of tap- water, gives a tine intense bluish-red solution 
which, if very dilute, is decolorised on standing during about half 
an hour and rapidly on the addition of a trace of acetic acid. The 
yellow colour of the oxonium salt is restored by the addition of 
hydrochloric acid. The chloride gives with a large excess of 
distilled water a yellow solution containing some pseudo-base, that 
is, the colour is intensified by acidification ; the addition of a few 
c.c. of tap-water causes complete decoloration. Evidently pseudo- 
base formation depends in this ease on the hydrogen-ion concen- 
tration of the solution, the limits between which this may vary being 
very close together. The oxonium chloride, the colour-base, or tho 
pseudo-base gives with dilute aqueous sodium hydroxide an orange- 
yellow solution containing the unsaturated ketone in which the 
pyran ring is broken. On acidification, a colourless solution is 
obtained and this becomes yellow on heating owing to the formation 
of the oxonium salt . A similar scission of the ring does not appear tn 
result in this example when cold aqueous sodium carbonate is 
employed instead of the hydroxide. The jerrichloride, prepared 
in the usual manner, crystallises from acetic acid in deep red, elong- 
ated, rectangular prisms melting at I62\ Its solution in alcohol 
is orange-red and in chloroform pink. 

U'Ethoxyaceiaveratrone. (Formula IV). — Powdered, freshly pre- 
pared, anhydrous aluminium chloride (11*5 grams) was added to a 
mixture of veratrole (11 *5 grams) and carbon disulphide (50 c.c.). 
Ethoxyacetyl chloride* (10 grams) was then gradually introduced 

* Ethoxyacetyl chloride was prepared by the method of Henry 
1869, 2, 276), but the following slight modification very materially increases 
the yield. Phosphorus trichloride (20 grains) was slowly added in the cold 
to pure ethoxy ace tie arid (40 grams) and the reaction was completed by gentle 
heating on the steam-bath until the evolution of hydrogen chloride ceased. 
The mixture was cooled and the chloride poured away from the phosphorous 
acid and distilled. The yield was 42 grams of material boiling at 127". 
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and when the reaction had subsided a further quantity of aluminium 
chloride (115 grams) was added in small portions at one time. After 
decanting the carbon disulphide from the dark, viscous mass, the pro- 
duct was decomposed by ice water and dilute hydrochloric acid and 
distilled in steam in order to remove any unchanged veratrole. The 
residual oil was taken up in ether, and the ethereal solution washed 
with dilute aqueous sodium hydroxide, dried with calcium chloride, 
and evaporated. On distillation of the residue, S O grams of an oil 
boilingat 245— 250°/20 mm. were obtained. The substance solidified 
on cooling and was crystallised from a mixture of benzene and light 
petroleum. The colourless prisms melted at G8 y (Found : (J — 64T ; 
H - 7 2. C J2 H 16 0 4 requires 0 — 04*3; H ^ 7*1 per cent.). This 
ketone, if it is a ketone, does not appear to yield a semicarbazone, 
nor does it condense with sal icy I aldehyde in methyl alcoholic solu- 
tion containing potassium hydroxide. With resorcylaldehyde in 
glacial acetic acid solution in presence of hydrogen chloride, it yields 
a crimson condensation product, which is not a pyrylinm salt, but 
is soluble in ether. The crimson colour is destroyed by water and a 
solid colourless compound is produced. Similar results were obtained 


with \erattole itself. Presumably these compounds are triphenyl- 
methane derivatives. 

u-Chtoroacetovanillonr (Formula V).— The preparation of this 
substance followed exactly the details of that described above for 
the supposed cthoxyaeetoveratrone. The quantities used were : 
veratrole, 40 grams; chloroacetyl chloride, 34 grams; carbon 
disulphide, 150 c.c.; aluminium chloride, two portions of 40 grams 
each. The ethereal solution was not washed with sodium hydroxide, 
but was dried and evaporated, when, on cooling, the residue solidified 
completely and weighed 42 grams. The substance was crystallised 
from alcohol and then from benzene and obtained in colourless 
prisms melting at 102~ (Found : C •- 53*7: H = 4 6 C H 0 Cl 
requires C = 53-8: H - 4 4 per cent.). The melting point is the 
same as that of u-chloroacetoveratrone, but the new compound is 
completely soluble in dilute aqueous potassium hydroxide and gives 
a green colour on the addition of ferric chloride to its alcoholic 
solution. The following experiment was carried out in order to 
determine the position of the methoxygroup. 

Reduction to A<etoranillonc. The chloro-kctone (5 grams), die* 
so ved in aqueous alcohol, was reduced at fiO° by means of dilute 
sulphuric acid (a c.c. of 10 per cent.) and iron ‘filings (3 grams). 

ie mixture was mechanically stirred during three hours and the 
poduct isolated by extraction with ether. After removing the 

«, li, wf a ! hc ,Wctl w,ution > thc H‘‘ yellow oil which remained 

e , and was found to be free from chlorine. On crystal- 
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lisation from benzene, colourless prisms melting at Uo° were 
obtained. These gave a green coloration in alcoholic solution and a 
blackish-violet in aqueous solution on the addition of ferric chloride. 
The formation of dehydrodiacetovanillonc was also observed. 
Finally the phenylhydrazono was prepared and this melted at 1 
after crystallisation. These properties are identical with those of 
acetovaniilone as described by Xeit/.el (ftcr., 1S91, 24, 2863) and 
quite different from those of ovoacetovanillone, in. p. 91° (Schneider 
and Kraft, Bcr., 1922, 55, [/?], 1S92). it may he mentioned that 
acetovaniilone can be readily converted into a salicylideue derivative, 
and this yields a pyrylium salt on heating with concentrated hydro- 
chloric acid. The addition of sodium acetate to an aqueous solution 
causes the separation of a bluish-red colour-base, and the reaction is 
diagnostic of the free hydroxyl group in the para-position in the 
benzene nucleus. 

4-11 iidroxy-S-nufhoxyphcn >/I<jI)jox(tl<i i phonjlhpfi razon c ( Formula 

VII) and 3 : 4' -D’ihydroxij-S' -mithoxij-'l-phi njflhcnzopynflium Fmi- 
chloridt (Formula Yl). — Ail alcoholic solution of w-chloroacetovanil- 
loiie (24 grams) and potassium acetate (20 grams) was boiled under 
reflux during two hours. The alcohol was then removed by dis- 
tillation and the oil, precipitated by the addition of water, taken 
up in ether. The ethereal solution was washed, dried, and evapor- 
ated, and the residual oil (15 grains) (A), which could not be crystal- 
lised, was hydrolysed by boiling water (500 c.c.) and barium carbonate 
(8 grams) during two hours. The product, which doubtless con- 
sisted of whydroxyacet ova nil lone, could also not be crystallised, 
but on wanuing with a dilute acetic acid solution of phenvlhydrazine 
it furnished a copious precipitate of an osazone-like derivative, 
The substance was collected, dried, and crystallised from glacial 
acetic acid. It separated in short, yellow needles melting at ISO 0 
(Found : C = 70'2; M — 5'4 ; X — 15 3. C> 1 H.» (> 0 2 X, J requires 
C = 70‘0: H — 5*5: X — 15 -5 per cent.). The compound b 
sparingly soluble- in organic solvents to yellow solutions and in 
sulphuric acid to a greenish-brown solution. In attempting the 
condensation of m-hydroxyaeetovaiiillone with salicylaldvliyde m 
alkaline solution, there was no point in carrying out the second stage 
of hydrolysis described above. The crude acetoxyacetovanillone 
(A) (o grams) was mixed with salicyialdehyde (2\> grams), potassium 
hydroxide (2 0 grams), and methyl alcohol (HHI c.c.), and the whole 
boiled under reflux during one hour. The diluted and cooled liquid 
was acidified with acetic acid, and the condensation product, which 
separated a s a pale* yellow, heavy oil, was separated bv decantation 
of the supernatant liquid, washed with water, and dried. The sub- 
stance was dissolved in ether (LOO c.c.), and a current of hydrogen 
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chloride passed through the solution during an hour. Dilute 
hydrochloric acid was then added, the ether removed by distillation 
and a ferrichloride precipitated by the addition of a concentrated 
solution of ferric chloride in hydrochloric acid. The dark brown 
viscous mass (1*0 gram) was dissolved in a very little hot glacial 
acetic acid and on cooling deposited clusters of red needles which 
were collected, washed, and dried in a vacuum over sulphuric acid 
(Found j C - 41*3; H 2\8. C 1(5 H ]3 0 4 CJ 4 Fc requires 0 - 4 H ; 
H - 2-7 per cent.). This substance melts at 142' and is much more 
soluble in acetic acid than any of the other ferriehloridos described 
in this paper. It is soluble in chloroform and alcohol to rose solu- 
tions and in the 1 latter case the colour fades. The solution in 
sulphuric acid exhibits weak olive-green fluorescence. In a larcre 
excess of tap-water, it gives a violet solution, from which the colour- 
base gradually separates, leaving a colourless solution. The latter 
contains the pseudo- base and on the addition of sodium carbonate 
or hydrochloric acid gives a yellow coloration for the different 
reasons which have been explained in other eases. The orange-red 
solution of the salt in very dilute hydrochloric acid yields the violet 
colour-base on the addition of sodium acetate, but decoloration is 
rapid in dilute solution. Sodium carbonate added t,» an alcoholic 
solution produces a dull violet coloration, ami tin’s is of some interest 
because Willstatter has used this reaction as one indication of the 
position of methyl groups in ethers of eyanidin and delphinidin. 
Probably a blue coloration with sodium carbonate in alcoholic 
soiudon will only denote a free hydroxyl group in the pvrvlium 
nucleus when the number and position of the hydroxyl groups in 
(he aromatic nuclei are comparable with those of one of the natural 
pigments. 

^M(ih(>A\>faatom-alronr. MetKTlyt tK^H.^O.MeU.— A solution 
of 4-bromoveratrnle in dry ether gradually dissolved activated 
magnesium on boiling, but very little organo-inagnesium derivative 
Mas produced, the breakdown of this route induced us to test the 
applicability of the lloeseii reaction to catechol derivatives, but the 
results were not encouraging. Methoxyacctonitnie could not be 
condensed with catechol by means of hydrogen chloride in cthvl or 
tsoainyi ethereal solution in the presence nr absence of zinc chloride 
and at the ordinary temperature or the boiling points of the solvents. 

cthoxj acetonitrile and veratrole in carbon disulphide solution 
under the influence of aluminium chloride gave a small yield of a 
substance, possibly nK thoxyaeetovcratrone, but the reactions of the 
compound were ambiguous. C ari.oinethoxyglycollonitrile * appears 


* The follow ing method of jwpaiMl inn of tl:L. sul.Mam-, 
went ami gi\e.-, a belter yield than that locoiumcndod 


i.' much more 
hy Son n and 
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to condense to some extent with catechol in ethereal solution in 
presence of hydrogen chloride, but as the product did not yield a 
pyrylium salt by condensation with resorcylaldehyde it was not 
further investigated. The desired substance has, however, been 
obtained by the following series of processes. ai-Chloroacetovanil- 
lone was converted into w-chloroacetoveratrone by the method which 
Stephen and Weiszniann (loc. cit.) employed for the mcthylation of 
w-chloroacetocatechonc. w-Ch I oroacc to veratrone (24 grams) was 
treated for two hours with a boiling alcoholic solution of potassium 
acetate {20 grams). The acetoxy-derivative was isolated by 
extraction with ether, and the uncrysta disable oil (15 grams) was 
then further hydrolysed by boiling during two hours with water 
(500 c.c.) containing precipitated barium carbonate (8 grams) in 
suspension. The -hydroxy ace to veratrone was also isolated by 
repeated extraction with ether and was an uncrystal Usable syrup 
(7 grams). This substance was characterised by its dehydrodipkemjl- 
hydrazone, which crystallises from acetic acid in microscopic, yellow, 
rectangular prisms melting at 164°. A solution of hydroxyaceto* 
veratrone reduces Fehling's solution even in the cold. 

w-Hydroxyacetoveratrone (10 grams), thoroughly dried, was dis- 
solved in methyl iodide (28 grams), and after the addition of silver 
oxide (25 grams) the mixture was boiled under reflux during six 
hours. The product was dissolved in ether and the solution filtered 
and distilled. 3 - 4 Grams of an oil boiling at 200 — 205°/25 mm. were 
obtained, but all efforts to induce the crystallisation of the compound 
were unsuccessful. The result of condensation with resorcylaldehyde, 
described in the next section, shows that this substance is essen- 
tially methoxyaceto veratrone. In the hope of obtaining a character- 
istic derivative from which the pure ketone could be regenerated, 
the semicarbazone was prepared. This was easily produced in the 
usual manner in aqueous solution in presence of a little methyl 
alcohol, but on crystallisation from methyl alcohol two substances 

Falkenheim (2?er., 1922. 55, 'f?|, 2975). Methyl chloroformate (21-7 grams) 
was gradually added with cooling and shaking to a mixture of aqueous 
formaldehyde (20 c.c. of 35 per cent.) and potassium cyanide (15 grams), 
dissolved in water (45 c.c.). The agitation was continued during one and 
a half hours by mechanical means and the oil was then extracted with other, 
the ethereal solution separated, washed, and dried with sodium sulphate. 
After removing the solvent, the residual oil was distilled and the yield of the 
nitrile, b. p. 90 — 97 c /12 mm., was 15-0 grains. w-Carbomcthoxyfisotol (Soirn 
and Falkenheim, loc. cit.) is obtainable in excellent yield by the condensation 
of car borne thoxygly co 11 o n i t r ilo and resorcinol in ethereal solution by means 
of hydrogen chloride, followed by hydrolysis of the kotimine salt. The use 
of zinc chloride is quite unnecessary, and this has already been shown to be 
the case in connexion with the preparation of as inclhoxyresacetophcnonc by 
Slater and Stephen (loc. cit.). 
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were separated. The possible nature of these is discussed on p. 747. 
\'eratrylm£tfioxyaeetaldehydw7nicarbazonc-a is much the more spar- 
ingly soluble and crystallises in prisms melting at 205° (Found : 
(j=r=54*l; H — 6-6. C 32 H 17 0 4 N., requires 0 = 53-9; H = 64 
per cent. ) . Yeralrylmdkoxyaeetaldek ydevemica rbazo tied) crystallises 
in woolly needles melting at 168° (Found : C = 54*1; H = 6‘5 
per cent.). Attempts to hydrolyse these semicarbazones by hydro- 
chloric acid, alone or in presence of formaldehyde or benzaldehyde, 
resulted in decomposition of the nitrogen-free product. 

7 - Hydroxy - 3 : 3' : 4' - Iritndhoxy - 2 - phenylbe nzopyryli urn Ferri - 
chloride (Formula MIX). — A stream of hydrogen chloride was passed 
during an hour and a half through a mixture of crude w-methoxy- 
acctoveratrono (05 gram), p-resorcylaldehyde (0 3 gram), and acetic 
acid (1 c.c.), when the pyrylium chloride separated in dark violet 
crystals with a beetle-green lustre. The substance could be crystal- 
lised from dilute hydrochloric acid in brown prisms, which, crystal- 
lising in a film on a glass surface, appear to be purple by transmitted 
light. The ferrichloride was prepared by adding the whole 
product to hot dilute hydrochloric acid and treating the filtered 
solution with ferric chloride and Imlrochloric acid. The derivative 
crystallised from acetic acid in red needles melting at 156° (Found ; 
C = 41 *9 ; II -- 3‘5. C lfi H 17 ()-Cl 4 Fe requires C = 42*2; H = 3*3 
per cent.). The salt dissolves in alcohol to an orange-red solution 
and in chloroform to a pink solution. The fluorescence in sulphuric 
acid is not very marked and is a weak olive-green. The colour-base 
is thrown down by the addition of sodium acetate to a solution in 
dilute hydrochloric acid and is a purple precipitate. A bright 
purple solution is obtained when an excess of tap-water is added to a 
little of the ferrichloride. This soon fades to pink and is ultimately 
decolorised. The process is hastened by the addition of a trace of 
acetic acid. 

7 - Hydroxy - 3 : 2' : 4' - tri mtihoxy ■ 2 - phcnylbenzopyryliurn Fcrri- 
chloride (Formula X). — w-Methoxyresacetophenone and w-oarbo- 
methoxyfisetol (Sotm and Faikenheim, loc. cit.) yield abnormal 
products on condensation with 3-rcsorcylaldehyde, and the inves- 
tigation of those substances is not yet complete, w : 2 : 4-Tri- 
methoxyaeetophenone (2 grams) and an equal weight of 3-resorcyl- 
aldehyde, dissolved in acetic acid (15 c.c.), were condensed together 
by the agency of a stream of hydrogen chloride during two hours. 
A small amount of crystals separated from the dark bluish-red solu- 
tion, but the whole was added to boiling dilute hydrochloric acid 
(500 c.c.), aud the deep orange solution Altered from a dark reddish- 
riolet hv-product. The pyrylium chloride separated on cooling 

a flocculent, red precipitate. Hie ferrichloride was prepared in the 

v ul. exxm. D D 
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usual manner and crystallised from acetic acid in beautiful golden- 
brown clusters of lanceolate needles which had a striking green 
glance. The substance melts at 160° without obvious decompose 
tion (Found: C ~ 42-0 ; H — 3*5. C 18 H 17 0 5 Cl 4 Ee requires 

0 ~ 42*2 ; H — 3 3 per cent.). The reactions of this substance 
closely resemble those of the isomeridc described in the preceding 
section. The slow evaporation of the red solution in chloroform 
produced some large crystals which had a particularly brilliant 
beetle-green lustre. The green fluorescence of the solution in 
concentrated sulphuric acid was a little brighter than that of the 
related catechol derivative. 

It is hoped to include in a subsequent communication some account 
of the position of the absorption bands in the visible region of the 
spectrum which are characteristic of the oxonium salts and colour- 
bases now described. 

One of us (D. D. P.) desires to express his thanks to the Carnegie 
Trust for a scholarship which has enabled him to take part in this 
investigation. 

Chemistry Research Laboratory, 

The United College of St. Salvator and Sr. Leonard, 

The University, St. Andrews, [ Received , February 23 i \ l , 


LXXXIX. — Pkysostigmine. Part 1. Alkylation Pro- 

ducts of Eseroline , 

By George Barger and Edgar St e dm an. 

The partial synthesis of physostigmine (cserine) from methyl- 
carbimide and eseroline by Polonovski and Xitzberg {Bull. Soc. 
chim 1916, [iv], 19, 27) has reduced the problem of the constitution 
of this alkaloid to that of elucidating the structure of eseroline. 
With this end in view, one of us (E. S., T., 1921, 119, S91) attempted 
to prepare the methyl ether of eseroline methiodide, w 
by acting on it with methyl iodide and sodium cthoxide, in ethyl- 
alcoholic solution. A new sparingly soluble methiodide was 
obtained, to which the formula C 10 H i7 OX.,t was assigned at the 
time, and this new salt was accordingly regarded as a degradation 
product of eseroline; the “inexplicable nett loss of C 4 H 4 ’ could 
not, however, be accounted for. 

\Ve soon found that the lirst stage of the reaction consists (as 
was to be expected) in the methylation of the phenolic hydroxyl 
which in physostigrinnc is united to the grouping AM l Mr CO. 
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The new salt gives off one methyl group when boiled with hydriodic 
acid and is not more soluble in sodium hydroxide than in water. 
\Ve therefore started with an ether of eseroline, choosing the ethyl 
ether cserethole, which is conveniently prepared by Polonovskis 
method [Bull. Soc. chim., 1915, [iv], 17, 240) and can be readily 
purified by distillation. The use of this ether has the further 
advantage of obviating the necessity of carrying out the reaction 
in a hydrogen atmosphere 1 . From cserethole methiodide, and also 
from the corresponding ethiodido, we obtained analogous quaternary 
salts, but their analysis and that of their derivatives finally convinced 
us however, that instead of being simpler than eseroline, they are 
in reality more complex. The formula of the original compound, 
C 10 Hi 7 OXJ, has to be approximately doubled, to 0 I9 H.j 4 O;jX 2 1 2 . 
The recognition of the correct formula was much delayed by faulty 
nitrogen analyses according to Dumas; nitric oxide was discovered 
in the nitrogen evolved, and its formation could never be entirely 
suppressed, but good analyses were subsequently obtained by the 
micro-Kjeldahl method. 

The reaction, first described, must therefore be formulated in 
some such way as this : 

C 14 H 21 OXJ 5CfDf ■•!- XJ^-OSa XttOH - 

WjXJj r 4XaI ~ 3C a H a - Oil , 
and that with cserethole methiodide as 

ClAsOXJ -r 4CHjT -f 3C 2 H 5 -OXa - 

( 2o h 36 0 2 XJ, -b 3NaI - - 3C 2 H.*OH . 
These reactions arc therefore extensive meth\*lations, In spite of 
the fact that cserethole methiodide appears to be fully methylated, 
it takes up four further carbon atoms in the presence of sodium 
ethoxidc and methyl iodide. Straus (Anmlen, 1913, 401 , 350) 
had indeed already indicated that eseroline lias a .slight tendency 
to take up two molecules of methyl iodide, but the introduction 
of a larger number of methyl groups had not been observed at all. 
Straus ( loc . cil. an&Annakn, 1914, 406, 332) lias suggested a formula 
for eseroline which represents it as consisting of a benzene and a 
piperidine ring, joined by a pyrrole ring. According to the sub- 
sequent nomenclature of Perkin and Robinson, it might be termed 
a hydroxydi-A T -methylhcxahydronorharman, and phvsostigmine 
would thus show' analogies to harmine and liarmaline. Wo have 
been tempted to employ Strauss eseroline formula to explain the 
formation of the compounds described in the present paper, but as 
the formula is open to certain objections, it is perhaps preferable 
lo limit ourselves at present to partly developed formula', and to 
suggest merely in general terms that the reaction under diM Usslon 
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might consist in an opening of a piperidine ring, a methylation of 
the raethine thus formed, and a methylation of the pyrrole ri n „ 
with the production of an indoline derivative with methyl groups 
in position 2. It is only in this way that the introduction of so 
many methyl groups can he explained. 

Tn order to facilitate nomenclai are, we suggest the name " csoline 
for a phenolic ditertiary base, I-hjH m 0 2 N 3 (X). The salt Jirst 
described two years ago is then the dimethiodido of esoline niethvi 
ether, and the salts from cscretholo are di quaternary salts of esoline 
ethyl ether (VI), etc. The chief reactions carried out, together with 
the hypothetical has!* esoline, may be represented as follows : 

HO*Cj<,H 14 ! “XMe EKHVH,,! 'NMc ElCHJ 1 .H 14 I--TJM e> i 

jsx - ' J=s -> ■ |=x 

(I.) Kserolim*. (11.) Ksrivdmlo. (III.) Eserctholi'methiodi^, 

KtO-C,„ll u ! — NMojI EtO<! u HJ— NMo,I 

]=x ' j=N C 2 H 6 0j=XMei-> 

(IV.) Eserrthol *- (V.) Kserothot'methine (VI.) Esolino ethyl other 

methin<‘. mothiodide. dimethiodidr. 


EtO-C 1 .,H r r X.Me.l 
C: 2 H c by“XMci 

(All.) lcitoesoline ethyl 
ether diinrthiodid.e. 

KtO , C 1 oH 1 . > *OH: — XMe 3 l 
‘ C 2 ’H B 0;=NMei 

(IX.) Hydroxy esoline ethyl 
ether dimethiodido. 


HO-tV.H, 2 -OH|-NMo,I 

(VIII.) Hydroxy esoline 
dimethiodide. 


HO*C,.H 13 ! — JfMe, 
C,H 6 Oj=X * 

(X.) Esoline. 


Eseretholemethine (IV) was first prepared by Max and Michel 
Polonovski (Bull. Soc . chim 1918, [iv], 23, 337) by the action 
of cold sodium hydroxide on eserethoie methiodide and they also 
prepared its methiodide (V). We find that if this salt is heated with 
methyl iodide and sodium ethoxide in ethyl alcoholic solution, the 
same diquaternary salt (VI) is formed as from eserethoie methiodide 
itself, so that the methiodide of the methine is undoubtedly 
an intermediate product in the reaction under discussion. The 
subsequent stages consist in the addition of methyl iodide to the 
second nitrogen atom and in the addition of the elements of a 
molecule of ethyl alcohol. We consider that in the formation of 
eseretholemethine a methylene group is left attached (in position 2 ?) 
to the pyrrole ring and that it is here that C 2 H 6 0 is fixed by the 
double bond, but whether as hydroxyl -f ethyl, or hydroxyl - - 
methyls, or as an ether, wc cannot at present say quite definitely. 
An ether grouping in this position is, however, very improbable, 
for by boiling quaternary salts of esoline ethyl ether with hydriodic 
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acid, only one alkyl group (the ethyl of eserethole) is eliminated, 
and the resulting phenolic salts are found to contain only two 
carbon atoms less than the original. We have considered the 
possible occurrence of an ether grouping in this position mainly 
because Perkin and Robinson (T., 1919, 115, 946) found two 
methoxy-groups in the base, obtained by the action of methyl 
alcoholic potassium hydroxide on the normal methosulphate of 
methyltetrahydroharmino (compare also 0. Fischer, Ber., 1914 
47, 104). The extent of the analogies and differences between 
methyltetrahydroharmine and cscroline methyl ether requires 
further study; however, it should be remembered at the outset 
that the latter substance contains two more hydrogen atoms than 
the former. 

In the above partly developed formula* we have made as few 
assumptions as possible, and have not assigned a methyl group to 
the second, non-basie nitrogen atom of eserethole. Straus (Annalen 
1914, 406, 336) found two .Y-methyl groups in eseroline, in contra* 
diction to earlier investigators, who had found only one. The 
second methyl group is, according to him, only given off when a 
relatively very large quantity of hydriodic acid is employed (in 
Pregl’s micro-apparatus) and may well be of a different nature from 
the first A'-methyl group. The doubt is increased by the fact that 
Polonovski and Nitzberg subsequently (Bull. Soc. chim 1916, 
[iv], 19, 27) found that eseroline reacts with phenylcarbimide to 
form a substituted carbamide, which seems to imply the existence nf 
an imino-group in the molecule. 

The second nitrogen atom of eseroline is not wholly devoid of 
basic properties, since Straus (Annaltn, 1913, 401, 301) found that 
physostigmine forms in concentrated hydrochloric acid a dichloro- 
aurate and that eseroline melhiodidc may in part loose!}’ combine 
with a second molecule of methyl iodide. During the action of 
methyl iodide and sodium ethoxide on eserethole, the basic character 
of the second nitrogen is so much enhanced that ultimately a stable 
diquaternary iodide results. 

. We havc attempted the degradation of < ,uline ether dimethiodides 


'ouuus ways 


„ j. uiassiuiii M 

the removal of the O-alkyl group, did not give anv satisfactory 
results. Boding 33 per cent, nitric acid left the salts intact, but 
loU gave a crystalline oxidation product which was not further 
investigated. Short boiling with nitric acid (d 14) liberates iodine 
“ D !. a dulUatcr " !,r -V containing a single atom of iodine. 

duneHu'ltu 11 ®^ slul,11( « lide furnishes a sparingly soluble iodo- 
havc h ° * Y ^‘ mdar * 0( liuatious with iodine and nitric acid 
een observed by Mrs. Kobinson (T., 1910, 109, 1079). In 


* niiLlll! 
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the present case, the new iodine atom does not appear to be in a 
benzene ring, for boiling hydriodic acid replaces it by hydroxyl- 
at the same time the ethoxy-group is hydrolysed, with formation 
of (VIII). This substance on re-ethylation only takes up one ethyl 
group, in the original hydroxyl of esercthole. The new hydroxyl 
is not attacked. 

Results which will probably be of great use have been obtained 
by the decomposition of esolinc ethyl ether diquaternary hydroxide 
which appears to furnish a ditertiary base (esoline ethyl ether?) 
and a monotertiary base formed from the latter by the further loss 
of trimcthylaminc and water. We hope soon to give an account of 
these bases, and to discuss the conclusions to be drawn from our 
identification of esercthole methiodide, m. p. 171°, of Max and 
Michel Polonovski with the “ hydroiodide,” m. p. 170°, of the 
methine {Bull, Soc. chim., 1918, fiv], 23, 337, 338). This identity 
may be connected with observations by Brunner on alkylene 
indolines (Bcr., 1905, 38, 1359) and by Decker on other bases 
(compare, for example, Ber ., 190.'), 38, 2493). 

There are two further points to which we wish to direct attention. 
The csolinc salts are optically inactive, and the optical activity 
was lost after the cserotkolemctluno stage. Whether esoline 
contains no asymmetric carbon atom, or whether its metho-salts are 
racemic, we cannot as yet say; we have not yet attempted their 
resolution. 

Physostigmol ethyl ether, formed by heating eserethole meth- 
iodide, gives, even in very dilute solution, a blue coloration with 
dimethyl am inohenzaldehyde and hydrochloric acid, confirming 
Straus's view that physostigmol is an indole derivative. Xone 
of the substances described in the present paper gives even a trace 
of this colour reaction. It is evident that the formation of physo- 
stigmol is accompanied hv a rather deep-seated change : a dihydro- 
indole becomes an indole, and the substituent in either the 2 or the 3 
position is removed. Apart from the elucidation of the constitution 
of physostigmol, the chief problem is to determine the mechanism 
of its formation. 

Expert m k n t a l . 

Esoline Mdhjl Ether Dimethiodide^' ld H.^O.^S 2 l 2 . — This compound, 
to which tlie incorrect formula C 10 H 17 OX 2 I was previously 
assigned, is prepared by the method described in a previous paper 
Hoc . cii.). It. contains one methoxyl group (Found: McO = 5‘12. 

requires lMcO = 5*38 per cent.). When this 
result is combined with an estimation of O-methyl -\- A- methyl 
groups by Herzig and Meyer's method, the presence of either four 
or five X-methyl groups is indicated [Found : Me(0- -f^-) = 
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14-04. Calc., 6Me(0- + N-) = 15*6; 5Mc(0- h X-) = 13*0 

per cent. Found : C == 39*08 ; H = 5*51 ; X (micro-Kjeldahl) = 
4'80 per cent. C 19 H 34 0 2 N 2 L requires C = 39*58 ; H = 5-90 ; 
X = 4*86 per cent.]. 

Esoline. Methyl Ether Dimdhoperchlorate , C 19 H^ 1 O a N 2 {ClO ) 

When an aqueous solution of the diquaternary hydroxide obtained 
from inethylcsoline dimethiodidc by treatment with silver oxide is 
mixed with a solution of perchloric acid, a precipitate of the 
dmethopercklorate is formed. This salt is sparingly soluble in 
water or alcohol and can be crystallised from either of these 
solvents or, more conveniently, from a mixture of the two. It 
forms prisms which inclt at 294° . It decomposes violently when 
heated on a platinum foil [Found : Cl -- 13*33 * (J 1S H M 0 2 N 2 (C10 4 ) 2 
requires Cl — 13 63 per cent.]. 

Esoline Ethyl Ether Dimethiodidc, C 2f) H 36 0 2 X 2 I 2 .~The preparation 
of this compound was first undertaken with a view* to ascertaining if 
methylation of the hydroxy-group in eseroline was the first stage 
in the formation of methvlesoline dimethiodide. The method 
employed was similar to that used in the ease of the latter compound, 
except that the displacement of air by hydrogen was unnecessary. 
One gram of eserethole metliiodide was dissolved in 5 c.c. of a 
solution of 0*5 gram of sodium in 25 c.e. of ethyl alcohol, excess of 
methyl iodide was then added, and the mixture heated under 
reflux on a water-bath for three and a half hours. (The reaction 
apparently proceeds more slowly than in the case of the lower 
homologue ; the first separation of solid occurred only after the 
mixture had been heated for two hours.) The mixture was then 
cooled and filtered (yield 0*35 gram). When recrystallised from 
methyl alcohol, esoline ethyl ether dimethiodide forms short prisms 
which melt at about 208" with decomposition (Found : (.■ — 41 -22 ; 
H lost; N (micro-Kjeldahl) = 4*51 ; I ~ 43 29. l^H 36 0 2 XJ,i 
requires C = 40*68 ; N = 4*75 ; I = 43*05 per cent.). It is similar to 
esoline methyl ether dimethiodide in properties, but has a slightly 
greater solubility in methyl alcohol. I nlike eseroline and eserethole, 
it is optically inactive. 

When larger quantities of this compound were subsequently 
required for further work, it was found that by heating the reaction 
mixture for as long as seven hours and then allowing it to stand 
over-night before filtering, yields of more than 50 per cent, of the 

eoretical could be consistently obtained. It is possible that the 
yie might be still further improved by employing a larger 
proportion of sodium, hut this point has not so far been tested. 


* Fusion with 
UrtO, 43, C82. 


sodium carbonate according to Hofmann and Roth, Btr. f 
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Esoline Ethyl Ether D imeJJiopercklorat e , C. i > 0 H 3 g O 2 N 2 {C1O 4 )„, ] s 
prepared by the action of perchloric acid on a solution of the 
diquaternary hydroxide. It is sparingly soluble in water 
alcohol. When recrystallised from the former solvent, it forms 
prisms which melt at 272—273° [Found : Cl = 13*26 (Garins), 
13*10 (fusion). 0-20113502X2(0104)2 requires 01 = 13*27 per cent.]. 

Eseroline Ethiodide, C 13 H 18 ON 2 ,C 2 H 5 I. — One gram of esc ro line 
was dissolved in ethyl iodide and allowed to stand for two davs 
The crystalline substance which had separated was filtered and 
washed with ether (yield 1*7 grams). It w r as recrystallised In- 
dissolving in the minimum amount of hot alcohol and then adding 
hot ethyl acetate until a faint turbidity appeared. On cooling, 
it crystallised in radiating needles which melted at 172° (Found : 
I — 34*49. C 13 H 18 ON 2 ,C2H 5 I requires I = 33*96 per cent.). 

Esoline methyl ether methyl ethyl di quaternary iodide , C^H^O.^XJ.,. 
was prepared by the method employed for esoline methyl ether 
dimethiodide. When recrystallised from methyl alcohol, it forms 
radiating aggregates which decompose at about 212°. It is evidently 
isomeric with esoline ethyl ether dimethiodide (Found : 0 ~ 40*49; 
H = 6*23. O^HggOgNglo requires 0 = 40*68 ; II = 6*10 per cent.). 

Esol ine Ethyl Ether M eth yl Eth yl Diquaternary Iodide , C 21 H 38 0 2 X 2 I 2 , 
— Eserethole ethiodide was first prepared by dissolving eserethoie 
in ethyl iodide and allowing the solution to stand for some days. 
The eserethole ethiodide which held separated was filtered and washed 
with ether. It can be recrystallised, either from a mixture of 
methyl alcohol and ethyl acetate or by slow precipitation by 
addition of dry ether to a solution in alcohol. Tn the present case, 
however, purification was not attempted, but the crude product 
was used for the preparation of esoline ethyl ether methyl ethyl 
diquaternary iodide. The method employed w*as identical with 
that used for the preparation of esoline ethyl ether dimethiodide. 
Esoline ethyl ether methyl ethyl diquaternary iodide crystallises from 
water or methyl alcohol in prisms which melt at about 201" with 
decomposition. ■ If a concentrated aqueous solution is cooled 
rapidly', it sets to a gel (Found : 0 — 41*92 ; H — 6 '30 ; 1 — 42*10. 
0 21 H 38 0 2 N 2 I 2 requires 0 = 41 *72 ; H = 6*29 ; 1 — 42*05 per cent.) 

Esoline Dimethiodide, C 18 H 32 0.>XoL>. — 0*5 Gram of esoline ethyl 
ether dimethiodide w T as heated under reflux for half an hour with 
constant -boiling hydriodic acid. Oily drops of ethyl iodide were 
formed in the condenser and the characteristic odour of this compound 
was observed. The hydriodic acid was distilled off under diminished 
pressure, last traces being removed by the addition of water, which 
was again distilled off. The residue was then dissolved in methyl 
alcohol and allowed to crystallise (yield 0*35 gram). After recrystal- 
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lisation from water, esoline dimelhiodide forms long prisms which 
melt at about 212° with decomposition. The presence of a phenolic 
hydroxy-group is shown by its ready solubility in sodium hydroxide, 
from which it is rcprecipitated on acidification. 

The preparation of this compound renders possible the conversion 
of esoline ethyl ether dimethiodide into the corresponding methyl 
ether. Thus, when esoline dimethiodide (prepared from the ethyl 
ether) is boiled in alcoholic solution with an equivalent of sodium 
and methyl iodide, it is converted quantitatively into esoline methyl 
ether dimethiodide. The latter compound was identified by its 
melting point and by analysis (Found : 1 = 43 99. C^H^OgN.^ 
requires I — 44' 10 per cent.). This clearly demonstrates the 
relationship which exists between ethyl- and methyl-esoline di- 
methiodides. 

Degradation of Esoline Ethyl Ether Dimelhiodide by Hofmann s 
Method . — A hot aqueous solution of 2 grams of esoline ethyl ether 
dimethiodide was treated with excess of moist, freshly precipitated 
silver oxide, filtered, and the filtrate evaporated to dryness under 
diminished pressure. The residue formed a brown syrup having a 
faintly basic odour. It was transferred to a flask and distilled under 
diminished pressure. The flask was fitted with a capillary which 
allowed a slow stream of air to pass through the apparatus and thus 
sweep out the whole of the volatile amine produced, into hydro- 
chloric acid contained in a vessel attached to the receiver. At 
about 160°/T2 mm. ail obvious decomposition occurred and at 
200°/12 mm. an almost colourless oil distilled over (yield 0*55 
gram). The hydrochloric acid was evaporated to dryness on a 
water-bath, and there was thus obtained 0*16 gram of the hydro- 
chloride of a volatile amine. This was identified as trimethylarnine 
hydrochloride by the following tests : it was very hygroscopic and 
after crystallisation from alcohol melted at 276". A portion was 
converted into the picrate which, after recrystallisation, melted 
at 218°. The remainder of the hydrochloride was converted 
into the chloroplatinate and analysed [Found : Pt = 36 ‘89. 
(Mo 3 X) 2 ,H 2 PtCI 6 requires Pt = 36*70 per cent.]. 

The oily distillate on treatment with aqueous picric acid gave 
a semi-solid picrate. This was collected and boiled with alcohol, 
when it became crystalline. It was recrystallised from alcohol, 
in which it was only sparingly soluble, and formed prisms and 
sphero-crystals which melted at 208—210° (Found : C — 4G‘S7 ; 
H - 4*22. O w H n O t NY2C # H a O.X 3 requires U - 47*12 ; H - 4*71 
per cent.). 

In a second experiment, 6 grams of ethylcsoline dimethiodide 
were converted into the quaternary hydroxide, which was distilled 
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as rapidly as possible at 12 mm . Two grams of an almost colourless 
oil were collected. This was dissolved in ether and extracted with 
1 per cent, hydrochloric acid. The ethereal solution, after drying 
over sodium sulphate, left on evaporation 0*2 gram of a non-basic 
oil. Addition of sodium hydroxide to the acid solution precipitated 
a basic oil, which was shaken out with ether. The ethereal extract 
was dried over sodium sulphate and the solution filtered. Methyl 
iodide was then added, when a precipitate slowly formed {yield 0-6 
gram). After filtration, it was recrystalliscd from ethyl acetate 
and formed plates which melted at 172° and then solidified without 
melting again up to 270° (Found : C = 50*51 : H = 7*62 ; N = 8*15; 
1 — 30*82. C 16 H 28 ON 2 ,fJII 3 I requires 0 = 50*24; H ~ 7*63 
N = 6*90 ; I = 31*28 per cent.). 

The ethereal mother’ liquors from the preparation of this ineth- 
iodide were evaporated and the residue was heated with methyl 
iodide. A solid separated which, after filtration, was recrystalliscd 
from ethyl acetate. It melted at 146°. Only sufficient was 
obtained for an iodine estimation (Found : I — 35*7 per cent.), 
It appears probable that this iodide was identical with the one 
obtained above, but was contaminated with small quantities of 
the corresponding diquaternary iodide. The composition of 
neither substance can as yet be interpreted. 

Action of Xitric Acid on Esoline Ethyl Ether J)imethiodidc.—\X hen 
this salt is boiled with concentrated nitric acid, it is converted 
partly into the corresponding diquaternary nitrate and partly 
into iodoesoline ethyl ether dimethonitrate. Thus, in one experi- 
ment, 1 gram of esoiine ethyl ether dimethiodide was gently boiled 
for four minutes with 1 c.c. of concentrated nitric acid. During 
this time the greater part of the iodine liberated was expelled. 
The reaction was then stopped by dilution with water and last 
traces of iodine were expelled by again boiling. The solution was 
evaporated to dryness on a water-bath, when a residue was obtained 
consisting of a mass of crystals contaminated with a yellow oil. 
The latter was almost completely removed by boiling with acetone, 
in which the crystals were sparingly soluble. Rccrystallisatioii 
of the product could be effected from alcohol, in which it is rather 
soluble, or better from a mixture of alcohol and ethyl acetate, or 
by slow precipitation from alcoholic solution by ether. The 
substance so obtained formed pale yellow needles which melted 
at 241° with decomposition. It was, however, evidently contami- 
nated with esoline ethyl ether dimethonitrate, for no analyst* 
could be obtained which agreed with the formula 
That it consisted mainly of this product was, however, proved 
by its conversion into iodoesolinc ethyl ether dimethiodide bj 
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double decomposition with potassium iodide. This was carried 
out in the following manner : the crude nitrate obtained from 
1 gram of esoline ethyl ether dimethiodide was dissolved in water and 
solid potassium iodide was added to the solution. The diquaternary 
iodide commenced to separate almost immediately. After warming 
to ensure solution of the potassium iodide, the periodidc which 
had formed was filtered and washed thoroughly with water in which 
it was very sparingly soluble. It was then suspended in water and 
the latter saturated with sulphur dioxide. The solution was 
boiled until it was pale yellow and all the sulphur dioxide had been 
driven off. On cooling, the diquatemary iodide crystallised out 
(yield 0*75 gram). It was reeryslalliscd from ethyl alcohol and 
again from water and formed faintly yellow, long prisms which 
melted at about 225° with decomposition. Even after repeated 
crystallisation it retained its creamy colour. lodoesoline ethyl ether 
dimethiodide is sparingly soluble in cold water and in most organic- 
solvents and is consequently very readily purified [Found : C — 33 -86 
33‘88: H = .>‘18, o*04; *X -- 4*fi5; If ionic,- 34*49, and hence 
total 1=:] X ionic I -= 53*23. C^H^XoIg requires C = 33*52: 
H = 4*88 ; X = 3*91 ; I — 53*21 per cent.]. 


Hydroxyesolinc Dimethiodide , <. , 18 H 3 ..O s X i T 2 .— Two grams of iodo- 
esoline ethyl ether dimethiodide were heated under reflux for 
forty-five minutes with an excess of constant-boiling hydriodic 
acid. Solution gradually took place, ethyl iodide being at the same 
time produced, as shown by the condensation of oily drops in the 
condenser and by the characteristic odour of this substance. 
Removal of the hydriodic acid by distillation under diminished 
pressure left a black, sticky residue of periodide. This was dissolved 
in hot methyl alcohol and the solution so obtained was saturated 
with sulphur dioxide. Addition of a few c.c. of water produced 
almost complete decoloration (removal of iodine can also be effected 
by boiling the methyl alcoholic solution with finely divided copper), 
lhe solution was then evaporated to a small bulk. Crystallisation 
gradually took place on cooling. The solid was filtered and washed 
with a small quantity of ethyl alcohol, in which it is much less 
soluble than in methyl alcohol (yield I *1 grams). It was recrvstal- 
, first from a mixture of ethyl and methyl alcohols and finallv 
rom water. Hydroxyesolinc dimethiodide forms prisms which 
are^ at - ab i° Ut ^ with Composition. Jts phenolic properties 

solution'^ ltS rtady sol,lbiIit - y in sodium hydroxide, from which 
‘omt.on it is reprecipitated on acidification (hound : 0 - 37*50* 

H = S d = Jl? h C » l WA requires C 37 .07 
, R ’ t- 43*94 per cent.). The same substance may bo 
y wraas s method; nitrogen contained nitric oxide; see introduction. 



768 BARGER AND STEDMAN : PHYSOSTIPtMINR!. PART T. 


produced by the action of fuming hydrobromic acid. Thus, Q-^ 
gram of iodoesoline ethyl ether dimethiodide was heated for two 
hours at 120° in a sealed tube. The hydrobromic acid was distilled 
off under diminished pressure and the residue dissolved in water 
and filtered from a small quantity of periodide. Addition of 
potassium iodide to the filtrate caused the hydroxyesoline dimoth, 
iodide to separate. This was filtered and recrystallised and was 
found to be identical with that obtained above (Found : C= 37 ’67 ; 
H = 5*77 per cent.). It should be recorded that this specimen was 
slightly brown in colour and gave a green coloration with ferric 
chloride which changed to reddish-brown on the addition of sodium 
carbonate. This “ catechol ” reaction was, however, undoubtedly 
due to the presence of a slight impurity, since it was not given by 
other specimens, and is identical with a reaction described by 
Straus for physostigmol. 

Hydroxyesoline Ethyl Ether Dimethiodide, ^20^36^3^2^2 1 — 
Gram of hydroxyesoline dimethiodide was dissolved in 4 c.e. of a 
solution of 0*5 gram of sodium in 50 c.e. of ethyl alcohol (slightly 
more than two equivalents of sodium were thus employed). The 
solution became slightly green in colour. Ethyl iodide was then 
added and the mixture heated on the water-bath for one hour. 
During this time a yellow solid separated, which was filtered oil 
after cooling (yield 0*37 gram). It was recrystallised from a mixture 
of ethyl and methyl alcohols and formed aggregates and torpedo- 
shaped prisms which were slightly* yellow in colour and melted 
at about 205° with decomposition. That ethylation had taken 
place was clearly shown by the fact that its solubility was no greater 
in sodium hydroxide than in water. It also differed obviously 
from iodoesoline ethyl ether dimethiodide. Thus its solubility ill 
water and methyl alcohol was much greater and its crystalline 
form and melting point were quite different (Found : I = 4211. 
<- , 2 oH 36 0 3 XJ 2 requires I — 41*91 per cent.). The production 
of this compound demonstrates that the second hydroxy-group 
introduced into the esoiine molecule is non-phenolic in properties. 

Action of Xitric Acid on Esoiine Methyl Ether Dimethiodide , 
When methylesoline dimethiodide is treated with nitric acid in the 
manner described above in the case of the corresponding ethyl 
compound, it is converted into iodoesoline methyl ether dimetho- 
i titrate. This substance is much less soluble in water than the 
corresponding ethyl ether and can be readily crystallised froin 
this solvent. It forms pale yellow, flat prisms which melt win 
decomposition at about 255°. \\ hen treated with potassium iodide, 

it is converted into the dimethiodide. Iodoesoline nuthijl d ,( ' 
dimethiodide ^sparingly soluble in both methyl and ethy l alto io , 
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but can be readily recrystallised from water. It forms pale yellow, 
Hat prisms which melt with decomposition at about 237° [Found ■ 
C - 32*76; H lost; I(ionic) = 36*14, hence I(total) = ■* x ionie 
I = 54 21 ; I( total, by Carius) = 5369. C 19 H 33 0 2 N 2 I 3 ' requires 
C = 32*48 ; I — 54*27 per cent.]. 


Preparation of Esoline Ethyl Ether Dimethiodide from Eserethole- 
methine.—To 0*67 gram of eseretholemethine, dissolved in methyl 
iodide, were added 5 c.c. of a solution of 0*5 gram of sodium in 
25 c.c. of ethyl alcohol, and the mixture so obtained was heated 
under reflux for four hours on a water-bath. After this time 
the solution was cooled, but no separation of solid occurred. On 
seeding, however, with a minute crystal of esoline ethyl ether 
dimethiodide, crystallisation gradually took place. The substance 
was filtered (yield 0*57 gram) and recrystallised from methyl alcohol. 
The product so obtained was identical with esoline ethyl ether 
dimethiodide. Evidently eseretholemethine is an intermediate 
product in the production of this compound from escrethole meth- 
iodide. 


We wish to record our thanks to the administrators of the Carnegie 
Trust for the Scottish Universities for a grant, which alone is 
making this expensive research possible. 

Department op Medical Chemistry, 

University of Edinburgh. [lien teal, Ftbruary 27 th, 1923,] 


XC.—Spinacene : its Oxidation and Decomposition. 
By A. Cn aston Chapman. 

Sisce the publication of my previous paper on spinacene (T 1918 
113 458), I have been successful in obtaining a considerable quantity 
of the shark liver oil, and have prepared from it further and larger 
quantities of spina cene. ® 

The more important physical properties of the hydrocarbon are 
ecorjed in the previous paper, but it seems desirable that the 
following results, obtained with a larger and purer spec imen should 
be recorded : 4$ 0-8588, 1-4951 7 P ' ° Uld 

J-,lK^ raCti °" ° f the bj’ilroearbon calculated bv the 
ion mi CX | ) , rCS3io i n is «*«», and the molecular refrae- 

W 4 i£^,Sr^ y# -. aWn,p? " Umb ™ for atomic 
requires [Rj 133 . 7 " ( " ne) ’ La,H « WI,h eth<, noid linkings 

I have also determined the heat of combustion in a Mahler bomb, 
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and obtained in two experiments, the numbers 4,388 and 4,372 
molecular gram-calories, respectively. 

Hydrogenation of Spinacene— < Since in my earlier experiments, the 
amount of spinacene available was small, and the saturated hydro- 
carbon was not obtained pure, I have prepared a further quantity, 
Dried hydrogen was passed as before through spinacene heated at 
about 200°, using active platinum black as the catalyst, and at the 
end of about fifty hours complete saturation was obtained. After 
the removal of the platinum, the resulting oil was distilled, when 
practically the whole boiled between 280 — 281° (eorr.)/24 mm. 
The fraction so obtained was a colourless, slightly viscous liquid, 
completely devoid of odour (Found : C = 85*25 ; H — 14*77. 
C 29 H 6! j requires 0 — 85*29 ; H — 14*71 per cent.). It was optically 
inactive. 

The density of the hydrocarbon at 15°/15° ~ 0*8144, and at 
20°/20° = 0*8119. The value of wf? = 1*4532. Its specific refrac- 
tion is therefore 0*3330, and its molecular refraction 135*8. The 
theoretical number for a saturated hydrocarbon having the formula 
1 ■ l** 13.ro. 

Two determinations of the heal of combustion in the Mahler 
bomb gave 4,541 and 4,538 molecular gram-calories, respectively. 
The values recorded for the heats of combustion of carbon and 
hydrogen vary within somewhat considerable limits, but which- 
ever results are taken the calculated value for the heat of com- 
bustion of a normal paraffin would be considerably in excess 

of that found for the saturated hydrocarbon from spinacene, which 
is. of course, not a normal paraffin. This would appear to support 
the view of Fajans {Z. physical Chon., 1921, 99, 395) that saturated 
hydrocarbons with side chains have lower heats of combustion than 
the isomeric straight -chain compounds. 

It also appears that the average thermochemieal value for each 
of the six ethenoid linkings of spinacene is very near the value 
obtained for compounds of lower molecular weight . 1 propose the 

name spinacane for this saturated hydrocarbon as indicating its 
relationship to spinacene. 

Spinacene Doderahromidc . — I have directed attention {loc. ci(.) to 
the fact that not only were all the physical constants of spinacene 
in good agreement with the formula C 29 H 48 , but that, with one 
exception, the composition of the various compounds of this hydro- 
carbon was in better accord with that formula than with the 
formula CgoH^ which I had previously been led to assign to it. 
The single exception to which I have referred was the dodeea- 
bromide. I did not, however, attach very great importance to 
this discrepancy inasmuch as the action of bromine on spinacene 
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is very complicated, and it seemed possible that the compound 
I had analysed might not have been entirely homogeneous. In 
order to clear up this point I have prepared a further and larger 
quantity of the dodecabromide in the manner already described. 

When bromine is allowed to react with spinacene in ether 
solution, several successive crops of crystalline material can he 
obtained. In my earlier work, no steps were taken to separate the 
compound which crystallises out within, say, an hour of the 
addition of the bromine, from that which separates on standing 
for a longer time. In the present ease, however, the crystalline 
material separating during the first hour was filtered off, washed 
with ether, and purified by repeated crystallisation from a mixture 
of tetrachloroethane and alcohol. The percentage of bromine rose 
from 70-0 in the original preparation to 70*88 after two recrystal- 
lisations, at which point it remained constant. 

As C 30 H 5O T*r 12 requires Hr = 70*07 and C 2y H 48 Br 12 requires 
Br — 70*79, it will be seen that the dodecabromide contains almost 
exactly the amount of bromine required for the lower formula, 
and therefore comes into line with all the other compounds of 
spinacene. This experiment, therefore, removes the last remaining 
doubt as to the formula of the hydrocarbon. 

Oxidation of Spinacene .— Many attempts were made to oxidise 
spinacene in the hope that products might have been obtained 
which would throw some light on its constitution. Among the 
oxidising agents chromic acid, potassium permanganate in acid 
and in alkaline solutions, potassium permanganate in acetone 
solution, nitric acid, oxygen in the presence of a catalyst, benzovl 
peroxide, and hydrogen peroxide were tried. 

An interesting point in connexion with these experiments was 
the remarkable stability shown by spinacene to the majority of 
the above oxidising agents, notwithstanding its highly unsaturated 
character. Thus, aqueous solutions of chromic acid appeared to 
have no effect on spinacene until their concentrations reached a 
point at which the destruction of the hydrocarbon occurred. The 
same behaviour was exhibited by permanganate, both in acid and 
in alkaline solutions. In the presence of alkali the permanganate 
acted more readily than in acid solution, and a little acetone 
together with a trace of some fragrant ketone was obtained. The 
great bulk of the hydrocarbon, however, remained either unacted 
upon, or was completely destroyed, according to the concentration 
0 e permanganate. Tin* addition of powdered potassium per- 
manganate to an acetone solution of spinacene failed to give more 
encouraging results. 

Action of line And. In a previous communication (/or. cif.), 
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I pointed out that with nitric acid spinacene appeared to undergo 
nitration and oxidation simultaneously. Fresh experiments have 
confirmed that observation, and have incidentally afforded a 
further example of the stability of the hydrocarbon. Spinacene 
can, in fact, be dissolved in a mixture of equal parts of strong 
sulphuric and nitric acids without any apparent decomposition or 
evolution of nitrous fumes, provided the temperature of the mixture 
be not allowed to rise too high during the addition. 

On pouring the products of the reaction into water, a large yield 
of a yellow substance was obtained, very similar in its composition 
and general character to that obtained previously by the action 
of dilute nitric acid alone. Whether this consists of a single 
substance or a mixture of substances is not at present known. 

Action of Benzoyl Peroxide . — When benzoyl peroxide was added 
to a solution of spinacene in glacial acetic acid, a vigorous reaction 
occurred on warming, and on pouring into an excess of ammonia a 
white amorphous oxidation product was obtained. Inasmuch as 
subsequent experiments showed that this was very similar in 
character to the product formed by the action of hydrogen 
peroxide, and as the latter method presented certain advantages, 
the benzoyl peroxide reaction was not further studied. 

Action of Hydrogen Peroxide . — The strongest solutions of hydrogen 
peroxide commercially obtainable are without action on spinacene. 
In the absence of water, however, oxidation readily occurs. 
To a solution of 100 volume hydrogen peroxide sullicient 
acetic anhydride was added to react with the whole of the 
water present. This solution (230 c.c.) was added little by little 
to a hot solution of spinacene (35 c.c.) in glacial acetic acid (75 c.c.). 
An immediate reaction occurred with the development, as a rule, 
of sufficient heat to maintain the temperature of the liquid at the 
required point. Occasionally, however, it was found necessary 
to apply a little external heat. When the reaction following the 
addition of the last portion of the oxidising solution had subsided, 
the liquid was heated for about ten minutes, and the solution after 
cooling was then poured slowly into a solution of sodium hydroxide, 
containing considerably more alkali than was necessary to neutralise 
the whole of the acid. The precipitate which formed consisted 
of a white, amorphous substance. This was separated, washed as 
completely as possible with ice-cold water, and dried in an exhau sted 
desiccator over sulphuric acid. The dried product was then ground, 
washed once more with ice-cold water, and dried as before to a 
constant weight. 

As it was subsequently discovered that caustic alkali had some 
action on the oxidation product, a large volume of iced water was 
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substituted for the alkaline solution. This had the further- 
advantage of yielding a more granular precipitate and one which 
could be more easily handled. 

Three different preparations gave the following results : 0 — 64*8, 
64*7, 649; H = 9*4, 9'4, 9*3. C 27 H 48 0 8 requires 0 = 648; 

H = 9*6 per cent. When this compound was dissolved in glacial 
acetic acid and again treated with hydrogen peroxide, it was 
recovered in a somewhat whiter condition, but its composition 
remained unaltered. It would appear, therefore, that this is a 
definite end product of the oxidation by this means. 

Products containing less oxygen were isolated in some instances, 
but these were obviously mixtures with intermediate compounds. 
This substance is white, resinous, and insoluble in water. It has 
no sharp melting point, but begins to soften at about 40°, with 
decomposition. Owing to ils marked tendency to form colloidal 
solutions, molecular weight determinations by the cryoscopie 
method were in all cases too high . I n glacial acetic: arid, for example, 
results indicating about 600 were obtained, but in benzene, in 
which the solutions were more markedly colloidal, results were 
obtained as high as 850. The formula given above requires 
M = 500. This behaviour is very similar to that observed in 
the case of attempts to determine the molecular weight of abietic 
acid in the above two solvents. 

Having regard to the method of preparation of this substance, 
it was thought desirable to examine it for the presence of acetyl 
groups. These were found to be absent. It is saturated, and 
appears to be in the nature of an organic peroxide. The peroxide 
properties, however, arc not very strongly marked since, although 
the compound liberates iodine from potassium iodide, the quantity 
so liberated is not sufficient to account for even one normally 
reacting peroxide group. In this respect it resembles many typical 
autoxidation products (Engler and Weiss berg, " \’organge der 
Autoxydation ,! ). 

It would also appear to resemble very closely, if not to be 
identical with, the solid product formed when spinaeenc is exposed 
to air. Direct measurements showed that spinacene in these 
circumstances is capable of uniting with about 25 per cent, of 
its weight of oxygen. As in the case of linseed oil, however, volatile 
products are formed at the same time, so that the true oxygen 
absorption is really somewhat greater titan that actually measured. 
Moureu and Dufraisse {Com pi. rend., 19*-, 174, 258) made the 
interesting observation that certain substances, notably quinol, 
even when present in traces, have the effect of preventing the 
atmospheric oxidation of certain unsaturated compounds. I 
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thought, therefore, it might be desirable to ascertain how spinacene 
would behave. When little more than a trace of quinol was added 
to spinacene, and the latter exposed to an atmosphere of oxygen 
the weight remained practically constant, showing that there had 
been no absorption of oxygen. At the end of several months, the 
spinacene was as fluid as at the commencement of the experiment, 
whilst in a control experiment, the spinacene had become converted 
into a solid oxidation product at the end of a few weeks. 

Although spinacene itself is very resistant to the action of most 
oxidising agents, the oxidation product above described readily 
undergoes further oxidation when treated with permanganate, 
especially in the presence of a little alkali. Thus, when it was 
treated gradually with an aqueous solution of potassium per- 
manganate (1 per cent.) and vigorously shaken, oxidation readily 
occurred. When the reduction of the permanganate became slow, 
the oxides of manganese were filtered off, and the clear filtrate 
was concentrated and acidified with very dilute hydrochloric acid, 
A white, granular precipitate formed, which when washed and 
dried over sulphuric acid in an exhausted desiccator had the 
following composition (average of four closely agreeing analyses 
of four different preparations) : C = 05-02 ; H — 9*79. C 25 H 44 0 7 
requires C = 65'78 ; H — 9*65 per cent. This substance, which 
proved to be an acid, was prepared from a number of different 
preparations of the peroxide product, and the analytical results 
in all cases agreed very closely. It may, therefore, I think, he 
regarded as a definite compound. Its molecular weight was 
difficult to determine by the cryoseopie method, the results of 
several determinations ranging from 400 to 500. requires 

M — 456. Attempts to determine the molecular weight by 
titration with standard alkali tended to confirm the above mole- 
cular weight, but definite results were difficult to obtain owing to 
the fact that the acid is acted upon by an excess of alkali. When 
the peroxide oxidation product is allowed to stand in contact with 
aqueous alkali it undergoes decomposition with the formation of 
an acid, which could not, however, be obtained in a condition pure 
enough for analysis. 

Decomposition of Spinacene by Heat.— The results obtained by 
distilling spinacene under a pressure of about 45 mm. in the presence 
of a small quantity of metallic sodium have been described {loc. 
eif.), and this experiment has been repeated. As before, a great deal 
of polymerisation occurred, but the main product distilling over 
consisted of a eyefodihydroterpone, having properties closely agreeing 
with those of the compound previously described. Many attempts 
were made under varying conditions to prepare a definite bromine 
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derivative of this hydrocarbon, but in every case an oil was 
obtained from which crystals did not separate even on long stand- 
ing. Inasmuch as the sodium appeared to bring about so much 
polymerisation, I endeavoured to secure decomposition of the 
spinacene by heat in another manner. To this end, the spinacene 
was distilled from a Wurtz flask with a long and wide neck. In 
this neck there was suspended a small grid of fine platinum wire 
which could be kept at any required temperature by means of an 
electric current. In this apparatus the spinacene could be distilled 
under any required pressure and the vapours compelled to pass 
over the heated platinum surface. In practice, it was found best 
to maintain the pressure in the flask at about 45 mm. and to keep 
the platinum grid at a dull red heat throughout the experiment. 
A U-tube containing high- boiling liquid paraffin, and surrounded 
by a freezing mixture, was introduced into the condensing system 
after the ordinary water condensers, and arrangements were also 
made for collecting gaseous products. 

The product, condensed by the water condenser, consisted of a 
yellow, mobile liquid, more than half of which was found to be 
distillable with steam, the remainder consisting chiefly of unchanged 
spinacene. The steam -distilled portion was submitted to fractional 
distillation under reduced pressure, and was found to consist 
almost entirely of a substance boiling at 79 — S3' ; 33 mm. (Found : 
C = 86*7; H = 13'2. C 10 H 18 requires C = 87*0; H — 13 o per 
cent.). Ihis hydrocarbon consists of a yellow liquid having a 
smell strongly suggestive of the lower olefines. Inasmuch as the 
yellow colour persists after steam distillation and other methods 
of purification, it would appear to be a constitutional property. 
The possibility, however, of the presence of a small proportion of 
some highly coloured hydrocarbon is not entirely excluded. It 
boils at 160 — 167°/750 mm., the liquid becoming discoloured, and 
ultimately viscous owing to polymerisation. It is optically inactive. 

A molecular-weight determination in benzene gave tile following 
results : 0*4683 in 13*5(18 benzene gave A/ - — I'lM.V. M 130 . 
^ 10^18 requires M — 138. It has r/J| 0*8025 and U’SUUS. 
w 15 1*4606 and ir» 1*4584. Its specific refraction, calculated by 
the n 2 formula, is 0*341, and the molecular refraction 47*1. Taking 
(onradys average numbers for the atomic specific refractions 
(D-line), C 10 H 18 with two cthenoid linkings requires 47*5. 

A determination of the amount of iodine with which this compound 
is capable of uniting gave a value of 347. the theoretical number 
f°r C 10 H 18 with two cthenoid linkings being 368 parts per cent. 

Bromine absorption estimations were also made, and it was 
ound in a number of experiments that the values corresponded 
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with an addition of between three and four atoms of bromine for 
each molecule of the hydrocarbon. It will be seen, therefore, that 
this hydrocarbon has the properties of a diolefine, whilst the 
hydrocarbon obtained by heating spinacene in the presence of 
sodium is a cyclo - compound of the same molecular formula. The 
bromine estimations, as well as the other results, appear to indicate 
that it is not easy to obtain either of these two compounds in ;i 
quite pure condition, hut that each is very apt to contain a little 
of the other. There can, I think, be very little doubt that they 
are closely related, but attempts to convert the olefinie hydro- 
carbon into the cyclo - compound have not, so far, been successful.* 

Bromine Derivative . — The hydrocarbon was dissolved in live 
times its weight of a mixture of ether (4 parts) and amyl alcohol 
(1 part). A solution of bromine in the same mixed solvent was 
added slowly, and the liquid kept cool in a freezing mixture. After 
standing for twelve hours, the greater part of the solvent was 
allowed to evaporate at the ordinary temperature. When the 
remaining liquid was allowed to stand, crystals formed slowly 
and after a time a dense oil separated. The yield of this crystalline 
compound was very small, and whether crystals are obtained or 
not appears to depend very much ujxm the precise conditions 
under which the experiment is carried out. The colourless crystals 
obtained by recrystallising from a mixture of ether and amyl 
alcohol and drying to constant weight in an exhausted desiccator 
over sulphuric acid melted at 136° (corr.) (Found : Br = 60 04. 
CioHi 8 Br 4 requires Br = 69*87 per cent.). 

A molecular- weight determination in benzene was made : 

0*1904 in 10*6917 benzene gave Af = — 0*195°. M — 450. 
C 10 H 18 Br 4 requires J/ = 458. 

In the fractional distillation of the products from which this 
olefinie hydrocarbon was obtained there occurred a small fraction, 
boiling under atmospheric pressure between 40° and 50 c , and on 
distilling the high boiling paraffin, used for trapping low-boiling 
compounds formed during the decomposition of the spinacene by 
heat, a larger quantity of a fraction, boiling within the same range 
of temperature, was obtained. 

On further distillation, this was resolved into two fractions, 
one boiling under atmospheric pressure at 40 — 45°, and the other 
at 45 — 50°. These had d || 0*6800 and 0*6846, respectively, and 
n)} 1-4170 and 1*4186. The specific refraction of the lower of the 
two fractions (b. p. 40 — 45°), calculated by the n- formula, = 0’!b k 
The calculated specific refraction of isoprene (C 3 H 8 ) — 0-360, and 
of amyiene (C S H 10 ) = 0*354. 

As neither of these fractions appeared to consist of a single 
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compound, and as the physical properties and the numbers given 
on analysis were very similar, it was decided to mix them together 
for purposes of further examination. The following are the results 
of analyses (Found : C = 87'20, 87*19; H = 13*20, 13*20. C 5 H 8 
requires 0 = 88*2 ; H —11*8. C 5 H 10 requires 0 = 85*7 ; H = 14*3 
per cent.). 

A molecular- weight determination in benzene gave the following 
results .* 


0*1955 in 13*799 benzene gave At = — 0*948°. M _s 74. (C,H 
requires M — 68. C 5 H l0 requires M — 70). 

A determination of the iodine absorption by the Wijs method 
gave a value of 344, the theoretical number for C 6 H 10 with one 
ethenojd linking being 362. The calculated value for isoprene, 
on the other hand, is 741, but it has recently been shown by Faragher, 
Gruse, and Garner {J. Ind . Eng. Chem., 1921, 13, 1044) that the 
number actually obtained with isoprene by the Wijs method is 
382. The iodine value is not, therefore, very conclusive in regard 
1o the presence or absence of some C 5 H 8 hydrocarbon in this 
fraction. These results appear to indicate that this fraction con- 
sists of one or more of the amylenes with a proportion of some 
C 5 H fi hydrocarbon, probably isoprene. 


In addition to the above substances formed during the decom- 
position of spinucene by heat, a certain amount of gas was collected, 
'this gas, on analysis, was found to contain about 75 per cent, of 
unsaturated (olefinic) and about 2o per cent, of saturated (paraffin) 
hydrocarbons. I he composition, however, varied somewhat accord- 
ing to the precise conditions of the experiment. 

Of the two C 10 H lg hydrocarbons resulting from the decomposition 
of spinacenc by heat, the cyclo-form, at least, has undoubtedly 
been obtained in a nearly pure condition. For purposes of identi- 
fication, therefore, considerable reliance may safely be placed upon 
the correctness of its physical properties as recorded in my previous 
communication. In that communication I expressed the opinion 
that this hydrocarbon might prove to be cyc&dihydroinyrcene or 
cycfolinaloolene. Recent work lias shown that these two hydro- 
carbons may be identical, but whether that is the case or not, 
t ie hydrocarbon obtained from spinaccne differs from either, since 
it does not yield any lrcvulic acid or other keto-acid on oxidation. 

, other liand > its physical properties agree verv closely 

'Mth those assigned by W'allach (Annakn, 1908, 360, 34) to certain 
«xane derivatives containing a scmi-cyclic double linkage, 
will °T! are ^ UCC the compounds of this series, together 
snin U1 CU ° properties, which the hydrocarbon from 

C most close] y resembles. Under (4) I ‘have given, for 
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purpose of comparison, the corresponding numbers for the spinacene 
hydrocarbon : 



(i) 

(2) 

(3) 

(4) 


ch 3 

/ \=CH‘C 2 H 5 

CH 3 (^ 'y .sCH-CjH, 

o< H * 

X ch 3 ch * 


B.p, 

. ... 170—173° 

172—174' 

173-175° 

170-175* 

I). . 

0-S14 at 19° 

0-815 at 19° 

0-825 at 21° ( 

>813 at. 20 : 

iii* 

46-35 

40-28 

40-25 

46-31 

iii* 

(calc.) 45- S 

45-8 

45-8 

45-8 


Preliminary experiments have shown that among the oxidation 
products of this hydrocarbon a little acetone occurs, but the amount 
is far too small to correspond with the presence of an isopropyl 
grouping and the third of the above formulae may therefore be 
rejected. When oxidised with fuming nitric acid, a product was 
obtained having properties closely resembling those of methyl- 
adipic acid, but this has not yet been obtained in a state of purity, 
and the experiments arc proceeding. If, as seems very probable, 
the cj/clo- com pound has the second of the above formula}, and 
making the further assumption, which appears to be justifiable, 
that there is a simple relationship between it and the olefinic 
hydrocarbon, the latter might well have the following formula : 

>CH 2 0H 3x 

CH 3 — C< )C=OH-CH 2 -GII 3 . 

n CH 2 Cll/ 

That this hydrocarbon is not dihydromyrccne is shown, not only 
by the fact that its tetrabromide melts at 136° whereas the corre- 
sponding derivative of dihydromyreene melts at 88°, but by the 
differences in their densities. In the absence of definite knowledge 
as to its constitution, I suggest for this hydrocarbon the name 
hr pa rent as indicating its origin (hepar = the liver). 

Constitution of Spinacene. 

Of the products obtained from spinacene when decomposed hy 
heat as described in this paper, from 45 — 50 per cent, consists of 
the olefinic hydrocarbon heparene. From this it is highly probable 
that the spinacene molecule contains two of these C 10 H I9 com- 
plexes. That being the ease, the constitution of spinacene may be 
provisionally represented in the following manner : 

OH 3 -CH 2 -CH:C(CH3)*CTTyOHy(TI<Tr 3 

OH -CH-G(CH 3 )=CH 

V H ‘ 

(Ti— GH , C(CH 3 )— OH 

ch 3 -ch 2 *ch:c(ch 3 )*ch 2 -ch 2 -ch*gh 3 
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The above formula is not intended to represent anything more than 
an outline of the structure of spinaccne, but it appears to explain 
satisfactorily the properties of that hydrocarbon so far as these 
are at present known. 

Certain of the properties of spinaccne might, perhaps, be more 
readily explained by an alternative formula with two terminal 
unsaturated isopropyl groupings, but although such a formula is 
not entirely excluded it is, in my opinion, less probable than the 
one I have given above. 

In conclusion, I desire to express iny best thanks to Mr. J. J. 
Scanlan, A.R.C.Sc.L, A.I.C., for much valuable help in connexion 
with this investigation. 

Laboratory, 8, Duke Struct, 

Aldgate, E.C. 3. [ Received , January 26M, 1U23.) 


XCl.—The Molecular Von figurations of Polynuclear 
Aromatic Compounds, Part II. 4:6: 4'-Tn- 
niirodiphenic Acid and its Resolution into Optically 
Active Components . 

By George Hallatt Christie and James Kenner. 

Inasmuch as two forms of 6 : 6' - d ini trodi phonic acid exist (Kenner 
and Stubbings, T., 1921, 119, 593), it might have been expected 
that isomeric tctranitrodiphenic acids would result from the 
nitration of these isomcridcs. Experiment showed, however, that 
both the dinitro-acids furnish the same tctranitrodiphenic acid 
(Christie and Kenner, T., 1922, 121, 614), and as this acid, like 
the y-6 : 6'-dinitrodiphcnic acid, is also obtained by synthesis from 
the appropriate ehlorodinitro benzoic acid and is resolvable into 
optically active components, it appears to correspond to the 
y- rather than to the 3-dinit rodiphenic acid. 

In the hope of supplying a further instance of the type of isomerism 
in question, it was decided to attempt the preparation of a second 
form of 4 ; 6 : 4' : 6'-tetranitrodiphcnic acid. The most likely 
method of achieving this appeared to be by oxidation of 2 : 4 : 5 : 7- 
tetranitrophenanthraquinonc, since the above 3-acid is obtained 
m this manner from 4 ; 5-diuitrophenanthraquinonc. An unex- 
pected difficulty encountered in the preparation of the necessary 
tetranitrophenanthraquinonc has, however, so far prevented the 
realisation of this object. 

Although, as above mentioned, tctranitrodiphenic acid is readily 
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obtained from the dinitro- acids, we found that, under similar 
conditions, 2:7- and 4 : 5-dinitrophcnanthraquinones only furnish 
trinitro-dcrivativcs, and this result was not modified when still 
more vigorous methods of nitration were employed. The reason 
for this is a matter requiring further investigation, more especially 
as the orientation of the entering mtro-group in each case is in 
accordance with anticipation, and it is not clear why the second 
benzene nucleus docs not undergo nitration in the same manner 
as the first. 

The product obtained from 2 : 7-dinitrophenanthraquinonc is 
2:4: 7 -Irinii roph cmvithraquinonc, since the 4:6: A' -trinit rodiphenic 
acid obtained from it by oxidation furnishes the above tetranitro- 
acid on further nitration : 

__ _ N°2 __ 

N°<_> — XO/J) \_/ N ° 2 ~' 

\co-co' ^co-co 7 


NO, 


_no 2 no 2 


N0 <_>— <_>* - \_> r °* 
co 2 h com co 2 h oo 2 h 

Exactly analogous results were obtained from the 4 : 5-dinit ro- 
quinone, and will be described in a future communication. 

Although the outcome of these experiments frustrated the 
purpose with which they were undertaken, 4:0: 4'-trinitrodiplienie 
acid itself is of interest in connexion witli the general theme of 
this series of papers. For, although there is a strong presumption 
that the isomerism of the two dinit rodiphenic acids is stereochemical 
rather than structural, more definite evidence on this point would 
be welcome, and yet is not necessarily' obtainable from an examin- 
ation of [3-dimtrodiphemc acid. Thus, failure to resolve this acid 
into optically active components would be equally explicable as 
due to a jfianc configuration of the molecule, corresponding to the 
formula as ordinarily written, or to the acid being a nVeompound 
with a non-eoplanar arrangement of its benzene nuclei, such that 
the formula exhibits a plane of symmetry. Examples of such 


C0 2 fi 



! CX) 2 H , — 

/ \ CO.,H C0 2 H 

_/ 

NO, 


(II.) 
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formulae are shown in (I) and (II), based, respectively, on the 
Kaufler formula for diphenyl and on one of the formulae sug- 
gested by Sachse (Ber., 1888 . 21, 2530) for benzene, and obvious 
mo rl ific at io ns will suggest themselves. If, however, 4:6: 4'-tri- 
nitrodiphenic acid be of the same type as fi-dinitrodiphenic acid, 
these alternatives would not be equivalent in respect of resolvability 
of the acid. For, owing to the dissimilarity of the two substituted 
phenyl nuclei, a cts-non-plunar molecular configuration would render 
the acid resolvable, but this would not apply in the ease of a plane 
configuration. The resolution of 4:6: 4 , -t.rinitrodiphenic acid, 
which has now’ been accomplished, is therefore, subject to the 
reservation mentioned, evidence in favour of the view that both 
the 6 : 6'-dinitrodiphenic .acids are to be represented by non-planar 
formulte. These, it need scarcely be pointed out, are not neces- 
sarily, although perhaps very probably, of the same type. 

A fairlv sharp resolution of y-6 : O'-di- and of 4:6:4': 6'-tetra- 
nitrodiphenic acids was accomplished by means of their brucine 
salts, but in the present instance this was by no means the case.* 
The less soluble brucine salt, derived from the d-form of the acid, 
wa s fairly easily obtained in the pure condition, but the 1-acid 
was much more satisfactorily prepared through its quinidinc salt. 
The specific rotatory powers of solutions of the respective sodium 
salts were + 156’8° and — 13U'<V . 

This solution also marks a step towards the ascertainment of 
the conditions, if any, on which the existence of the non-planar 
configuration of diphenyl derivatives is dependent. Whereas the 
acids previously resolved each contained besides the two carboxyl 
groups, two nitre-groups in the (> : O'-positiou, the acid now investi- 
gated contains only one, and this suliices to ensure the stability 
necessary for the existence of optically active forms. 

We would also direct attention to an interesting property of the 
above tri- and tetra-nitro-acids, which has doubtless been observed 
in other cases, but, so far as we are aware, has not received the 
attention it would seem t<» deserve. The acids in quest ion are 
precipitated from solutions of tin ir salts as very viscous oils which 
only very slowly solidify, although their melting points are high. 
Solidification is hastened by inoculation, but is still slow and occurs 
more readily in the eases of the racemic than of the active com- 
pounds. The studies by Tammaim of the relationship between 
temperature and the velocity of crystallisation of supercooled 

* It may be that this contrast is also an indication of u difference in type, 
because the pairs of brueino salts derived from 2 - and 4 -hitrodiphenie acids 
(obtained from the corresponding quinones) arc also somewhat difficultly 
separable, whilst those from another synthetic arid are readily separated. 
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liquids are well known, and have an obvious bearing on our 
observations, but apparently no consideration has been given to 
molecular configuration as a possible factor in this connexion. 
It will readily be seen that a non-planar configuration of the 
molecules concerned would render the fitting together of a number 
of them to a solid ordered aggregate a somewhat intricate process 
likely to require some time for its accomplishment, whether the 
configuration of the units in the aggregate remain the same as that 
of the original isolated molecules, or be a modified form of it. This 
will especially be so in view of the high viscosity of the liquids at 
the ordinary temperature. Perhaps also for this reason, the 
products obtained in the attempt to prepare the usual derivatives 
of 4:6: 4' -trinit rodiphenic acid were viscous oils, which could 
not he induced to solidify. It is in accord with these suggestions 
that when the racemic acids arc generated by oxidation in hot 
solution by a time reaction, permitting of the necessary adjust- 
ments of the separate molecules, the solid acids are at once obtained. 

Experimental. 

4:6:4': 6 '-Tetranilrodiphcmc Acid. 

The following analytical data were inadvertently omitted from 
the previous communication. For the compound of methyl 
r- 4 : 6 : 4' : C'-tetranitrodiphenate with benzene (Found : loss of 
weight at 130° — 8*02. U 16 H 10 O 12 X 4 ,iC 6 H 6 requires C f} H 6 = 7*98 
per cent.), and with xylene (Found : loss of weight at 130" = 10*33. 
^ 16 ^ 10 ^ 12 ^ 4 ’Kfi^io requires ^ 8^10 ~ 10*52 per cent.). The com- 
position of these two compounds is noteworthy, since out of about 
600 compounds discussed by Pfeiffer ( u Organische Molekul- 
Verbindungen," Stuttgart, 1922), that of picric acid with phenol 
is the only one in which one molecule of the hydrocarbon derivative 
is associated with tw*o of nitro- com pound. 

d-4 : 6 : 4' : 6 ‘ -Tetranitrodipkcnic Acid . — A solution, prepared at 
the ordinary temperature, of the brucine salt (2*1 grams) previously 
described in concentrated hydrochloric acid solution (60 c.c.) was 
repeatedly extracted with ether. The extract, after repeated 
washing with w*ater to remove brucine and mineral acid, was dried 
and worked up in the usual manner. The viscous oil obtained 
required 32*66 c.c. of X /10-sodium hydroxide for neutralisation. 
For a 1*64 per cent, aqueous sodium salt solution so prepared, 
[a] 0 = -j- 115°. The brucine salt prepared by treating a portion 
of the solution with brucine hydrochloride melted and decomposed 
at 250° before recrystaliisation, so that no appreciable raeemisation 
had occurred in the processes just described. 
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The free acid was precipitated from a solution of its sodium salt 
in the form of a yellow oil, which eventually solidified. The air- 
dried material melted at 53-54°, but resolidified and again 
melted at 226 — 227° [Found : H 2 0 = 1137; equivalent — 2381) 
t' 12 H 1 0 8 N 4 (C0 2 H) 2 ,3H 2 0 requires H 2 0 =-= 11-34 per cent.; "cqui- 
valent - 238. Found : for the anhydrous acid, equivalent = 
211'7. C 12 Hj 0 8 N,(C0 2 H) 2 requires equivalent = 211], 

1-4 : 6 : 4' : V-Tctranilrodiphenic acid was prepared in a similar 
manner. For a 124 per cent, aqueous solution of its sodium 
salt, [«]„ = -116°, and the brucine salt prepared from it melted and 
decomposed at 197°. The free acid, first precipitated as a yellow 
oil, melted at 52—53°, and again at 22G' [Found : H,0 = 11 56 
CuH 6 0 12 N 4 ,3H 2 0 requires H 2 0 = 1134 per cent. Found : equi- 
valent of the anhydrous acid - 210 3. ( ' 12 ir 4 O s X 4 ((JO,H), requires 
equivalent = 211]. 


. i-i unu, 


'nr. mini, 


2 : 7-l)initrophcnanthraqumone (10-5 grams) was heated on the 
water-bath with nitric acid (50 grams, <1 V 5) and sulphuric acid 
(60 grams) for fourteen hours. When the solution was poured on 
to ice (200 grams), a precipitate (7-7 grams) was obtained, whilst 
partial neutralisation of the liquors caused a further quantity 
(1-4 grams) to separate. The product, after drying *on porous 
earthenware, crystallised from benzene in shining, yellow, hexagonal 
prisms, m. p. 203" (Found: loss of weight at )30 : — 

A = 30 20. ^14^o0 8 X 3 ,C c H 6 requires C c H c • 18 .13; X = <J*9S 
percent ). The trinitro-quinone has the same melting point when 
reed from benzene, but its compound with xylene melts first at 
y ’ a ” <1 a S ain at 202— 203'. By treatment of the quinone with 
cold 2D -.sodium hydroxide solution, it is converted into a black 
Succulent mass, probably owing to its conversion into triniiro’ 
upheynleneglycollie acid (compare Schmidt and Bauer, Her. 1905 
'jo, 3t37). ’ ' 

\\hen tne above nitration was performed at 1 .70—1 60 the 
trimtro-qmnone was again produced, but in one experiment was 
0m ^ anie ^ a ' cr * v s,na ^ quantity of a product, m. p. 201 ' 
aTaSr 11 Ie * 111 • ^ dinit ro-qui none 

Lbhn b > CCn b01Cd With nilrie atid < I3r > CC - J-‘0 and 

lm i ™ d arKl (:H c ° ) for •-« half hours, it was recovered 

r-4 : 6 : -Trinilrodiphcnic Acid. 

grams) was boiled for 

solution of potassium diehromalo (40 grams) and 
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sulphuric acid (36 c.c.) in water (520 c.c.). The acid so produced 
was purified by solution in dilute ammonia. On repretipil nt b n 
with dilute sulphuric acid, a yellow oil was obtained, w hich ; !ovdv 
solidified to a colourless solid, m. p. 289° [Found: N = lHfl; 
equivalent = 1S9 '4. C 12 H 5 0 G N 3 (C0 2 H) 2 requires N -- 1 1*16 pc 
cent. ; equivalent = 188*5], 

Attempts to characterise the acid by means of methyl and ethyl 
esters, its chloride, and its amide led in each case to oily products. 

The orientation of the acid was proved by its further nitration 
with fuming nitric acid (5 parts) and sulphuric acid (G parts) for 
twelve hours at 100°. The 4:6:4': fi'-tctranitrodiphcnic acid, m. p, 
284°, so produced was further identified by its equivalent (214 3), 
and ethyl ester, m. p. 123°, and direct comparison of the acid and 
ester with those previously described. 

Resolution of r-4 : 6 : ±'-Trinitrodiphenic Acid. — By fractional 
crystallisation of the brucine salt of the racemic acid from water, 
the less soluble salt was obtained in a state of purity without much 
difficulty, but the w ore soluble salt was less easy to purify, and 
this was not pursued further when it was found that the quiuidine 
salts (prepared from quinidine, of which Mlfj = -j- 253 *0 U for a 2 
per cent, absolute alcoholic solution) w*ere more suitable for the 
purpose. 

Brucine 4-4 : 6 : 4 ’•trinitrodiphenate consists of colourless, flat 
plates with rounded edges, m. p. 239- -240° (decomp.), of which 
one part is soluble in about 1700 parts of cold water. For a 1 per 
cent, solution in lOX-acetic acid, [a] D = — 20*79° (Found : HT) - 
2*32. C 60 H 59 O 18 X 7 ,l JH 2 0 requires H 2 0 — 2*28 per cent. Fuund : 
for the anhydrous material dried at 130°, X = 8*56. O oa H yj 0 18 X. 
requires X = 8*41 per cent.). 

Quinidine d-4 : 6 : 4'4r/ n itrodiphenate, 

C 14 H 7 Oi 0 X 3 ,C 2;i H, 4 X,O 2s JEtOH I 

separates from absolute alcohol in clusters of hexagonal prisms, 
frequently truncated, m. p. 229° (decomp.). For a 0*71 per cent, 
solution in chloroform, [a]}, 6 =—*191*1° (Found: El OH -- 243. 
C ! M H 3l Oi 2 X T 5 ,JEtOH requires EtOH = 2*20 per cent. Found : for 
the material dried at 130°, X = 9*81. requires 

N = 9*57 per cent.). 

Quinidine 1-4 : 6 : 4 '-trinitrodiphenate, 

C u H 7 O I0 fif a ,C»H M O 1 N t> 2EtOH > 

crystallises from absolute alcohol in stout, rhombic prisms, m. p 
176° (decomp.). For a 0*71 per cent, solution in chloroform. 
[«]W = + 5604° (Found : EtOH = 8 55. C„H H O„X ? .2Et0H 
requires EtOH — 8'24 per cent. Found : for the material dried 
at 130°, N = 9-51. C M H 31 0 12 N, requires N -= 0-57 per cent.). 
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d-i-.G -.l'-Tnmtrodipkenic acid, G 12 H 6 0 6 N 3 (C0 2 H) 2 , prepared 
from the brucine salt as described in the cases of the active tetra- 
nitro-acids, was a yellow oil, which solidified after several weeks to 
minute prisms, m. p. 281—282° {decomp.). For a 1*50 per cent, 
aqueous solution of the sodium salt, {*]}« = -f 156*8°. A somewhat 
less pure sample of the acid was titrated [Found : equivalent = 189*5. 
C 12 H 5 0 6 N 3 (C0 a H) a requires equivalent = 188*5]. For a prepar- 
ation from the quinidine salt, a 1*27 per cent, aqueous solution 
of the sodium salt showed [a]], 6 -f- 143 1 ! 0 . 

1-4:6: i'-TrinUrodiphenic acid, C 12 H 5 0 6 N.(C0 a H) 2 , from the 
quinidine salt, remained in the oily condition for several weeks, 
and had not solidified at the time of writing this paper. For a 
0*40 per cent, aqueous solution of the sodium salt, [a]]? = — 130*5° 

One of us (0. H. C.) expresses grateful acknowledgment of a grant 
from the Department of Scientific and Industrial Research which 
lias enabled him to participate in this work. Further, we wish 
to thank Dj, I . C. Austin for the gift of some phonanthraquinone, 
and the Research Fund Committee of the Chemical Society for a 
grant towards the expenses of this investigation. 

The University, Sheffield. [Received, February 22nd, 1923.] 


XClI.—Heteromorphim of Calcium Carbonate. 
Marble, Synthetic and Melamorphic. 

By Maurice Copi.sarow. 

Calcium carbonate occurs in nature in a multitude of forms, which 
represent practically all transition stages between the crystalline 
and the amorphous state. Whilst generally calcium carbonate 
occurs in the anhydrous condition, hydrated forms arc also known, 
namely, CaC0 s ,5H 2 0, termed b/drocakite in this paper (Salm- 
Horstmar, Pnjg. Ann., 1835, 35, 515; Schecrer, ibid.. 1846 68 

■ «-<; r R T« WK ' rg ’ Ber ’ 1871 ' 4 - 56 »: differ. Arch. Pham’., 
15 > 21i )' an d CnC0 3 ,3H 2 0, whicti may be regarded as 
sub-hvdrocalcite (Lwanoif, Z. Kryst. Min., 1008, 44, 87).* 
IhemvesUgaW of Rose (Pogg. Ami., 1837, 42, 354: 1838 
’ ' ater < z - Kr -P>- Hiii; 1893, 21, 433 ; 1895, 24, 366 ; 1S99, 

,'^ri (Lscroix ' Ccm l J ‘- '«x>; 1898, 126. 602) and conchite (Kellv 
JSJS 1900 ‘ 30, 1ST; .W 2. 1901 36. 

(Vatpr 7 e £ Cgar w BS P 0, >' mor P ni(> forms distinct from calrite and 
(Uter> hr ^- * li »- 1901. 35. Irt.i; Brauns XJ. ZoUralb., VMM, 
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30, 295), Adler (Z. angeio. Ckem 1897, 431), Stocks ( J . Soc . Chan. 
Ind ., 1902, 21, 527), and Meigen ( Jahrb . Jilin., 1903, II, 19; 
Ber. Naturf. Gas. Freiburg , 1903, 13, 40) showed that the separation 
of calcium carbonate in the form of precipitated chalk, calcite, and 
aragonite depends on (1) concentration of solution, (2) temperature, 
(3) velocity of separation, and (4) solvent medium. 

The formation of hydrocalcite and probably of su b -hydrocalc ite is 
conditioned by similar experimental factors (Bccquerel, Ann. 
Chim. Phys 1833, 47, 9; Pclouze, ibid. , 1833, 48, 301; Com pi. 
rend 1865, 60. 429 ; Roth, Pogg. Ann., 1855, 95, 172 ; J. pr . Chm. t 
1855, 65, 253 ; Hunt, Aimer. J . Sci., I860, [ii], 42, 49 ; Bondonneau, 
Bull. Soc. chim 1875, [ii], 23, 100). 

In respect to these transformations the present investigation 
revealed the following facts : 

I. The formation of hydrocalcite, ealeite, aragonite, and precipi- 
tated chalk by the double decomposition of alkali carbonates ami 
soluble calcium salts is accomplished in stages — diffusion, solution 
gelatinous form, and solid. The final form of the solid depends on 
the general experimental conditions. 

II. The gelatinous phase obviated by slow diffusion may, under 
favourable conditions, be prolonged practically indefinitely. 

This gelatinous form of calcium carbonate, which exists in an 
aqueous medium, although not without certain features in common 
with colloidal calcium carbonate prepared in methyl alcohol 
(Xeuberg and Rewakl, Biochem. Z., 1908, 9, 545; Z. Chem. hid. 
Kolloide , 1908, 2, 354), has certainly a shorter range of existence, 
and can be less definitely characterised than the latter. 

On the basis of experiments described below, the gelatinous form 
of calcium carbonate may be regarded as unorientated molecular 
aggregates of hydrocalcite (CaC0 3 ,5HA>) formed in the course of 
a forced transformation of the initial liquid magma into hydro- 
calcite. 

III. The effect of pressure, other conditions being equal. Mas 
found to result in the formation of crystalline instead of amorphous 
forms of calcium carbonate. Other aspects of the influence ef 
pressure will be discussed at a later stage. 

IV. In the study of the interaction of soluble calcium salts and 
alkali carbonates no indication of the formation of double salts of 
the type of halite and gay-lussite was found. 

in the course of this work a new synthesis of marble was evolved 
which gives a new aspect to the metamorphosis of this substance, 
an aspect not only diMinct from, but also opposed to, the existing 
igneous theory of it^ geological formation. Marble was first pre- 
pared synthetically by Hall [Tran*. Boy. Soc. Edinburgh, 1801 
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1806) by uncontrolled furnace heating of precipitated chalk or 
wdered limestone in a securely closed gunbarrel (see also Bucholz, 
Neucs allgemin. J. Chan., 1803, 1, 271). These results, which 
were substantiated by Hose and Siemens (./. jyr. Cham., 1863, 88, 
2.56), Becker {Min. petr 1885, [ii], 7, 122) was unable to repeat. 
Data now available show that the experimental conditions of 
Hall s synthesis of marble were drastic in the extreme, Le Chatelier 
(Conipt. rend., 1892, US, 817) and Joannis (ibid., p. 934) having 
found that the fusion point of calcium carbonate in a closed steel 
bomb lies just below that of gold at a pressure of 1000 kilos, per 
square centimetre. Boeke (Z. anorg. Ckern., 1006, 50, 244) found 
no indication of fusion on heating calcium carbonate at 1400 3 under 
a pressure of 30 atmospheres of carbon dioxide. Only partial 
dissociation, and partial conversion to a marble dike substance, 
could be observed. 

This transformation of calcium carbonate into marble led to the 
igneous theory of the geological formation of the latter, according 
to which the metamorphosis resulting in the production of marble 
is regarded as having been brought about by the incursion of molten 
granite and other analogous igneous rocks into beds of limestone, 
the heat and pressure so provided converting the latter into marble. 
The assumption, on the basis of Hall’s work ( loc . cit.), of a very high 
temperature and comparatively low pressure (22 — 30 atmospheres), 
as the representation of characteristic conditions of the geological 
formation of marble, is open to the following objections : 

I. The condition of temperature and pressure cannot be regarded 
as a decisive criterion, for at high pressure and low temperature 
(Spring, Bull. Alcad. roy. Bely., 1895, [iiij, 30. 320; Becker, Hertzog, 
Jancke, and Polunyi, Z. Phy-sih, 1921. 5, 61), even more readily at 
moderately high temperature (Adams and Xicnlson, Proc. Boy. 
Soc., 1900, 67, 228), and especially at moderate temperature and 
pressure (this communication), limestone shows a definite tendency 
to be transformed into marble. 

II. Hall’s synthesis of marble was carried out in the absence 
of other substances, which is a radically unnatural process. Tin’s 
contrast acquires a special significance in the light of the work of 
Rose (Pogg. Ann., 1860, 111. 156), Bourgeois (Com pt. rend., 1SS2. 
94, 991; Bull. Soc. Min., 1883, 5, 111), and Meigen (Bcr. Saturf . 
Gen. Freiburg, 1902, 13, 40) on the influence of fusible or soluble 
salts on the crystallisation of calcium carbonate. 

The igneous theory likewise dots not seem to be in accord with 
certain important geological facts, thus : 

I. As a rule, granite ami other igneous rocks do not. as might 
be expected on the basis of the theory, accompany marble, and in 
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the few cases wliere the two do occur in conjunction it is found 
not that the igneous rock has penetrated the marble, but that the 
latter has filled the cavities and veins of the rock. This suggests 
that the mineral is of later formation than the rock, and that the 
calcium carbonate fills the cavities of the solid rock by sedimentation. 

II. The transformation of limestone beds (to a large degree of 
fossil origin — diatoms, shells, corals, etc.) into marble under certain 
definite conditions, and the presence of organic matter even in the 
purest natural marble (8 parts per 100,000 parts of Carrara marble* 
Pollacci, Gazzelta, 1901. 32, i, 33) suggest that the marble was 
formed at a later period than the igneous rocks which occasionally 
accompany it. These facts also seem to indicate that the temper- 
ature of transformation of the various forms of calcium carbonate is 
much below that implied by either the igneous theory or Hall’s 
synthesis of marble. 

It is, of course, not impossible to find in proximity to marble 
and limestone igneous rocks of more modem formation. This 
would not, however, necessarily prove the general validity of the 
igneous theory. On the contrary, the partial conversion of lime- 
stone into deformed marble by the differential pressure of the 
molten lava would seem to be a good argument against the theory. 

In the course of this work certain facts of intrinsic interest were 
elucidated. 

I. The influence of pressure extends beyond facilitating crys- 
tallisation, in so far as it effects agglomeration of single crystals 
into compact masses, which may exhibit considerable cohesion. 

Thus the additional effect of suitable pressure exerted in con- 
junction with conditions favourable to the formation of caleite, 
results in the formation of marble. 

II. A substance which is chemically identical with natural 
marble of good quality and closely resembles it in physical properties 
is produced by {«) douhle decomposition of alkali carbonate and a 
.soluble calcium salt at moderate temperature and pressure, and 
(6) heating pondered limestone or precipitated chalk with a con- 
centrated solution of sodium chloride in an atmosphere of carbon 
dioxide under pressure. 

These facts give a new aspect to the motamorphic transformation 
of calcium carbonate into marble. 

Solution seems to be a characteristic feature of all these trans- 
formations, combination of favourable conditions of crystallising 
medium, solvent concentration, temperature, and pressure, leading 
to the formation of marble. 

The new' synthesis and fhr general geological study of marble 
would seem to exclude the ignenu:, theory of its formation and 
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leave us with two possibilities as conceptions of the metamorphosis 
of marble, namely (a) sedimentation and (6) folding of rocks 

Examination of the available facts leads lo the view that the 
two possibilities arc supplementary rather than alternative, and with 
certain qualifications both may bo taken as joint agents in the 
production of the conditions necessary for the formation in question 

Some of these qualifying conditions may be as follow : 

I. In the case of the sedimentation process, the metamorphosis 
would occur only in strata which, originally or after a period of 
time, lay at a depth where a sufficiently high pressure and tempera- 
ture were attained. In the upper regions, beds of limestone would 
be produced. 

II. In the folding of rocks, the movement had to be such as to 
yield conditions of temperature and pressure, not only sufficient in 
magnitude, but also uniform in distribution. Differential condi- 
tions would result in a disruption or contortion of the mineral due 
to the twisting and twinning of the crystalline structure. That the 
movement of terrestrial rocks is not always regular, and the exerting 
pressure uniform, is shown by the occasional occurrence of deformed 
marble ; the possibility is, however, not excluded of the deformation 
having been caused by the incursion of lava at some later period 
(compare the conception of marmarosis; Geikie, Text-book of 
Geology,” 1882). 

Dealing with the mechanism of the formation of marble it will 
be observed that, in both methods described below, there is a common 
feature, namely, a temporary state of solution preceding the 
separation of the solid form : also that the conditions of formation 
of marble are practically those of calcite with the additional effect 
of pressure. 

The influence of carbon dioxide and brine on the solubilitv of 
calcium carbonate may be seen from the following table : 


ooiuDinty (mg. per litre) of ealei 




Temperature, 

18 ° 

25 
30 
100 

(Compare 
hiisch, ‘ 
graph ie, 


Distilled water. 


14-33 

15*04 

17*151 


Water saturated with 
t'Oa at 1 at mo$. 

1100 — 1300 


Sea -water. 
101 
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' W Y, U "' k: Krystal: 

’ Niggli, Lehrhm-h dor Minendugie, Berlin, 

j t *' e C y~ sod 11,1,1 carbonate calcium chloride doub 
live l<>n ’ the . se P aration (,f calcium carbonate is not quantit 
vox,. ™xT mmg (iissolvcd 111 tho saline medium (Berccliu 

' K K 
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Jahresbcr . , 1844, 23, 106; Bcwad, J. Puss. Phys. Chem . Soc., 
1885, I, 89). Such solubility may be perhaps due to the formation of 
double salts of the type CaC0 3 ,CaCi 2 )6H 2 0 and CaCO 3 ,Na 2 CO 3) 5H 2 0 ) 
although no indication of their presence could be found. The 
separation of calcium carbonate is still more retarded in presence of 
ammonium carbonate (Fresenius, Z. anal. Chem.y 1863, 2, 49). 

The formation of pearl and of mothcr-of-pearl is closely con- 
nected with the heteromorphism of calcium carbonate. Apparently 
the deposition takes place at the transition temperatures of hydro- 
ealcite and the anhydrous forms of calcium carbonate (hence the 
importance of latitude, sea- depth, and oceanic currents). This 
slow deposition of calcium carbonate, a result of exudation, is akin 
in certain respects to the formation of stalactite and egg-shell and 
results in the environment of organic, chieHy protein, matter in the 
formation of a compact mass, consisting of a multitude of thin 
nacreous layers of calcium carbonate. This conception is fully 
substantiated by the work of Clement and Riviere (Compt. mid., 
1922, 174, 1353) on nacreous surfaces. The underlying causes and 
general features of this gradual lamellar deposition seem strikingly 
connected with the periodicity of the Liescgang phenomenon, 

Kxpeki m e x r a l. 

Neu berg and Rewald ( Biochan . Z., 1908, 9, 545; Z. Chm. hid. 
Kolloidc , 1908, 2, 354) found that in organic solvents, especially 
methyl alcohol, calcium carbonate could exist in the colloidal stale 
practically for an indefinite period. Rose (Pogg. Ann ., 1837 , 42, 
354) observed an intermediate "jelly " state in the preparation of 
precipitated chalk by the double decomposition of alkali carbonates 
and soluble calcium salts. 

To investigate the nature of this gelatinous mass and the condi- 
tions of transformation of the various forms of calcium carbonate, 
the following experiments were carried out. 

Hydrocnldtfi . 

Sm<:< L — Ten per cent, aqueous solutions of sodium carbonate 
and calcium chloride were mixed in equimolccular proportions at 
21' and stirred for a moment in a glass beaker. The mixture 
formed a perfectly clear solution, which could, by rapid manipula- 
tion, he filtered without residue through a Biichner funnel. On 
standing, the solution gradually became opalescent , then turbid, 
and finally thickened, setting in the course of two minutes to a 
jelly-like mass, slightly soapy to the touch. After a tunc, tic 
gelatinous mass broke up into a fine powder, which gradually sett e 
as precipitated chalk. The primary solution and the gelatinous 
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calcium carbonate, although invariably formed, haves but a tempo- 
rary existence above 18°, which is briefer the higher arc the temper- 
ature and the concentration, and the more vigorous is the agitation 
of the mixture, which may be regarded as a very unstable super- 
saturated solution of calcium carbonate. 

Series //.—The solutions of sodium carbonate and calcium chloride 
were mixed at 5 — 6°, Again the solution gradually became viscous, 
and opaque when viewed in bulk. Examination of this gelatinous 
magma in layers | to 1 cm. in thickness showed it to be distinctly 
translucent, the mass consisting of large, non-crystalline flocks, 
which did not lend themselves to filtration. This state is con- 
ditioned distinctly by the temperature and will persist almost 
indefinitely at 5° to 12°. Rise of temperature above 15° induced 
gradual breaking up of this gelatinous mass, with the formation 
of precipitated chalk. On stirring the gelatinous magma at a 
temperature within its range of stability, the flocks were disrupted, 
liberating some of the occluded liquid without the solid showing 
signs of settling down. Examined with a magnifying glass, the 
resultant mass was found to be unaltered, consisting of very small, 
non-ciystalline, less translucent particles. This mass w'as filtered 
through a Buchner funnel specially made for the purpose.* 

The gently pressed residue in the Buchner funnel was white, 
opaque, amorphous, and voluminous, and much lighter than pre- 
cipitated chalk (Found : CaC0 3 — 40-11 ; Nad = 3-1 ; H„0 — 47-0. 
l'aC() 3 ,5H 2 0 requires CaC0 3 = 52*03 ; H 2 0 — 47*37 per cent.). 

The substance showed no alteration on cooling to — 10\ On 
allowing it to gain the room temperature, the mass became dough- 
like and then separated into a white, finely divided precipitated 
chalk and brine. On keeping the substance in an evacuated 
desiccator over either calcium chloride, concentrated sulphuric 
acid, phosphoric anhydride, or sodium sulphate, the desiccator 
being immersed in a bath kept at 5 — 7“, the substance rapid l v 
shrank without becoming *’ dough-like," forming a line powder 
(chalk). The same change took place, although not so rapidly, 
on keeping the substance in a desiccator connected with a Miction 
pump in the absence of any dehydrating agent. 

Scries 111, When solutions of sodium carbonate and calcium 
chloride cooled to 1° were mixed, the early stages of the reaction 
were similar to those described in Series [j. The solution became 
opalescent after a couple of minutes' standing, the mass becoming 

fhe funnel was made of tinned iron, rather deeper than the usual 
uc ner funnel, the perforated bottom being about 0 cm. in diameter. The 
rone was fitted with an outer jacket, of the same material, whereby the 
temperature could be kept at. H-S" during the whole filtration. 
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gelatinous, but this gelatinous magma had no longer the pernia- 
nent character observed in the previous case. On keeping for four 
hours at 1 — 2°, the flocculent mass was gradually transformed 
into a voluminous mass of minute, feathery crystals, reflecting light, 
The transformation from the gelatinous to the crystalline state was 
attained by cooling the gelatinous magma obtained in Series II. 
The crystalline mass was filtered and gently pressed, the temperature, 
being maintained at 1 — 2° (Found : CaC0 3 — 51*5; NaCI - 1*3; 
H.,0 — 47-2. CaC0 3 ,5H 2 0 requires CaC0 3 — 52-63; H 2 () - 47-37 
per cent.). 

No change was observed on cooling the crystalline product to 
— 20 ;> . On raising the temperature above 18°, or on drying, the 
substance underwent changes similar to those described in Series II. 
The products from Series II and III, when free from sodium chloride, 
arc tasteless, and do not give the Mcigen's reaction with cobalt 
nitrate [Ccntralblatt, 1901, II, 1128; VVyrouboff, Bull. 8oc. franr, 
Min., 1902, 25, 69), The product from Series III both in composi- 
tion and properties is identical with the substance, CaC0 3 ,5H 2 0, 
found naturally and also prepared synthetically. No crystalline 
modification having the composition CaC0 3 ,6H 2 0, recorded by 
Pelouze (Compt. rend., 1865, 60, 429), could be detected. It 
must be noted that in the determination of the composition of 
the substance, one is faced with two divergent difficulties : (a) at 
higher temperatures and on prolonged draining, low results were 
obtained owing to dehydration, and (6) at low temperatures and with 
a short period of draining, high values resulted owing to the diffi- 
culty of freeing the crystals of the adventitious water. The crystal- 
line "substance, CaC0 3 ,5H 2 0, closely resembling calcitc in chemical 
properties, and similar to the calcitc and the aragonite produced 
by the agency of heat, may he termed kydrocakitc . 

The crystalline substance, CaC0 3 ,3H 2 0, described by Iwanoff (foe. 
cif.) and Pelouze (loc. cit .), which may be synthetically prepared by 
partial dehydration of hydrocaleite, and which is similar to the 
latter (Mcigen's reaction), may be termed mbhi/drocalcite . 

i. Slow Diffusion. 

From the experiments described above, it was evident that, 
at all stages of its transformation, the calcium carbonate was 
greatly hampered in its normal development by the considerable 
momentary concentration of its molecules in the aqueous sodium 
chloride medium at any given period. This resulted in inhibition 
of molecular orientation and consequent crystalline deformity 
Conditions were required where practically an unlimited number o 
calcium carbonate molecules formed in situ (by double decompose 
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tion) gradually and unhindered move and orientate in the aqueous 
salt medium. 

These conditions were satisfactorily attained, especially at low 
and moderate temperatures, in the following manner ; 

Series IV . — Solutions of sodium carbonate (7 — 10 per cent.) 
were allowed to run gently down the side of the beaker on to 40—50 
per cent, solutions of calcium chloride, taken in excess. The 
temperatures of the solutions were definite and constant. Owing 
to the considerable difference of density, the solutions formed two 
layers, separated at low temperatures by a thin layer of gelatinous 
calcium carbonate, which served as a diffusion membrane. 

The diffusion was found to proceed mainly upwards, the calcium 
carbonate being enveloped by a solution of sodium chloride in a 
sodium carbonate medium. On carrying out the experiment at 5° 
and allowing the diffusion to proceed at this temperature for 
twenty -four hours, the upper layer, and partly the lower, was found 
to be filled with a thick growth of well -developed crystals, fairly 
long, pyramidally pointed prisms. The saline medium was 
siphoned off, and the crystals drained and gently pressed on a 
Buchner funnel kept at 5° (Found : 0aC0 3 — 49 7; XaCl = 3*2; 
H 2 0 = 47T. CaC0 3 ,5H 2 0 requires CaC0 3 = 52*63 ; H 2 0 == 47*37 
per cent.). 

The substance is identical with the product obtained by Bon- 
donneau (loc. cit .) and with the product isolated in Series III, but 
owing to the difference in the size of the crystals it occludes a larger 
quantity of sodium chloride. With rise of temperature, the crystals 
became opaque (17 — 18 Q ) and then decrepitated, yielding chalk and 
water. 

Calcite and Aragonite. 

On carrying out the experiments at temperatures ranging from 
20° to 36°, the diffusion resulted in the formation of a less volumin- 
ous, crystalline product, containing no water of crystallisation and 
giving no reaction with cobalt nitrate (Meigen's reaction), and found 
to be identical with calcite. Experiments carried out at higher 
temperatures (40° and upwards) gave crystalline products, which, 
judging by the gradual increase of (1) their reactivity with cobalt 
nitrate, and (2) their density, wore mixtures of calcite and aragonite, 
the proportion of calcite diminishing with rise of temperature. 
However, no aragonite, free from other forms of calcium carbonate, 
could be prepared. This is really not surprising, as the transition 
point of aragonite > calcite is influenced not only by the time 

actor, but also by media and temperatures specific for each medium 
and concentration (Rose, Joe, cit. ; Bourgeois, Compt . rend.. 1836, 
103 ’ 1088 J Knofler, Wied. Ann., 1HS9, 38, 13G; Watson, Chan. 
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News, 1891, 68, 109; Adler, Z. angew. Chem ., 1897, 431; Meigen, 
Jahrb. Min., 1903, 2, 19; Cornu, Oesterr. Z . Berg. Hultenu\, 
1907, 55, 598; Barlow and Pope, T., 1908, 93, 1528). 

The difficulty of controlling the formation of pure forms of calcium 
carbonate at high temperatures is greatly increased by the rapid 
currents which, disturbing diffusion, produce ultimately precipitated 

chalk. The conditions of transformation of calcite > aragonite 

having already been studied in detail by many workers (see 
references above), no further investigation of this problem was 
deemed necessary. 

Calcite and Limestone. 

Influence of Pressure. Scries V . — Owing to the impracticability 
of employing solutions for the production of calcium carbonate under 
pressure, the following method was adopted. 

A wrought-iron, thick-walled tube (12 X 2'5 cm. internal bore), 
closed at one end and fitted with a steel piston (with a lead washer), 
was tilled with finely powdered anhydrous calcium chloride and 
sodium carbonate dccahydrate in equi molecular proportions. The 
sodium carbonat e was packed as the top layer. The tube was placed 
in a powerful hand-press, with the screw on the piston. Die 
pressure was gradually increased, reaching its maximum in the 
course of six hours, this pressure being maintained for twelve 
hours. On releasing the pressure, the reaction mixture was found 
to consist of a coarse, granular powder and a solution. The powder 
was washed with cold water, dried, and found to be identical with 
calcite in the form of small, hard, crystalline granules. Calcite in a 
finer state of division was obtained on reversing the order of the 
layers, or better, employing an intimate mixture of the two salts 
taking part in the reaction. Pressure, exerted rapidly by hammering 
the piston instead of being gradually increased by means of the 
press, resulted in a product resembling powdered limestone. In no 
case could cohesion be observed. 

Influence of Heat. Series 17.— A eylindrically-shaped, narrow 
copper vessel was packed with linely powdered anhydrous calcium 
chloride and hydrated sodium carbonate. The proportions and the 
mode of parking were identical with those employed in Series V 
The vessel was kept in an oil-bath at 210 for six hours. The hard 
product was tooled, broken up into large pieces, thoroughly was ic 
with running cold water, drained, and dried. It then consists o 
a hard, somewhat porous, granular, non-crystalline substance, 
resembling limestone in appearance and cohesion. When t le con 
(lit ions of mixing were modified as in series V, the ] )l(H llC 
found to be more porous, and consequently more brittle. 

The object of the experiments described in Scries \ and w - 
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to study the effect of pressure and heat, taken separately, on the 
crystallisation and the cohesion of calcium carbonate; the experi- 
ments have no direct bearing on the formation of either calcite or 
limestone in nature. 

Marble. 


In view of the facts that (a) saline media and carbon dioxide 
represent solvents for calcium carbonate, (b) pressure conditions 
crystallisation, with a special tendency to the formation of calcite 
and (c) high temperature facilitates formation of massive material! 
it was thought that a combination of all three conditions would 
result in the formation of marble. This expectation was subse- 
quently fully substantiated. Two methods of formation of marble 
were evolved, both of which, although quite distinct from one 
another, yet incorporate all the conditions set forth above. 

The first method, a direct process of formation of marble by double 
decomposition, may be characterised as that of chemical synthesis; 
the second— an indirect process— is perhaps the nearest approach 
to the melamorphio formation of marble (marmarosis). 


Senes ML— Powdered anhydrous calcium chloride and hydrated 
sodium carbonate were packed in two layers, the latter substance 
forming the top layer, in an autoclave, heated in an oil-bath. The 
internal temperature was raised to 300 : in the course of two hours 
and kept at 300—305° for eight hours, the pressure rising t0 24 
atmospheres. The autoclave was then allowed to cool. The top 
layer, a saturated solution of sodium chloride mixed with undis- 
solvcd sodium chloride and some unchanged material or calcium 
carbonate, was poured off. The bottom Inver was found tu be a 
compact, stone-like solid. It was broken up into fairly large pieces, 
well washed with cold water, and allowed to drain and dry. The 
product was found to resemble the purest natural marble : Vaccha- 
roida! in structure, its fracture surface had a sparkling appearance 
owing to the refraction of light by the crystalline facets, revealed 
by the cleavage. The powdered product gave no Mcigcns reaction 
! cobalt nitrat( ' <«Wte). .Although apparently mm-porous. the 
product occasionally exhibited small cavities, when examined in 
cross-section. The substance acquired a magnificent polished 

fiirisheti I'ff 011 CUt .’ ilK " lblKd un sa,Kl a,aI cinerj'-jwpcrs, and 
nuished off on rotating, oiled cloth and velvet pads. 

clto!r,,T , T. WTC ° btaine<l b - V en&'yto? hwlmted calcium 

in the htd rh V T S ° diUm car,K)nat *'' >•> using both salts 
the hyduted condition — the order of layers being ,, reserved. 

the XT 4 ,e ( ; rd ° r <>f ,wck '"" ° r ,,sin " a " intimate mixture of 

11 ],r0 ; lurt ' vas to I- somewhat more jwous. 

of good quality «■»- -i--- 1 
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was used in place of sodium carbonate. In this case, hydrated 
calcium chloride was employed, and the pressure in the autoclave 
released on cooling to 100°. On carrying out the experiment at 
205 — 210°, the product was found to be of smaller cohesion. 

Series VIII . — Precipitated chalk was mixed with a saturated 
solution of sodium chloride, to form an easily stirrable paste, in an 
open autoclave. The mixture was saturated with carbon dioxide 
at room temperature, the autoclave was then sealed and heated in 
an oil-bath. The internal temperature was raised to 300° in the 
course of two hours, the pressure reaching 27 atmospheres. After 
eight hours’ heating at 300 — 305°, the autoclave was allowed to 
cool. The product was found to be identical in every respect with 
that described in Series VII. When finely-powdered limestone was 
used, the marble obtained showed a coloration due to the impurities 
contained in the starting material. 

The University, Manchester. [Received, August 1921 J 


XOIII . — Heteromorphism of Calcium Sulphate. 
Alabaster and its Synthesis. 

By Maurice Copts arow. 

Calcium sulphate occurs chiefly in conjunction with stratified rocks, 
but is occasionally met with in crystalline rocks. It is usually 
found associated with rock salt, calcium carbonate, and various 
silicates, the latter two of which influence its pseudomorphism 
(Lacroix, Nou v. Arch. Museum , Paris , 1897, 9, 201). 

Calcium sulphate occurs in the following forms : — (I) ( 'aiSO >1( 2H«0, 
as gypsum and alabaster; (II) CaS0 4 , as anhydrite (ordinary and 
pseudomorphic) ; (III) 3CaS0 4 ,5H 2 0, as a mineral found in Peru 
( Yerh. deuts. 117**. Yer. Santiago , 1901, 10, 1) ; and (IV) CaSO 4 ,H 2 0, 
as semihydrite, artificially prepared (van't Hoff and his collaborators, 
Sitzungsber. Preuss. A had. Miss. Berlin: Extr. Arch. Xcerlaml: 1. 
Elektrockem.: Z. physikal. ('hem. ', and Her., 1900 — 1905). 

The conversion of gypsum into anhydrite was studied by Mitscher- 
lich, Hoppe -Sevier, Gorge u, and especially by Hose [SUzungsber. 
Preuss. Akad . Berlin , 1871, 303), Water (ibid., 1900, 17, -99), 

and van’t Hoff ( loc . cit.). The transformation takes place under the 
influence of heat, this action being accelerated in presence of the 
chlorides of calcium and the alkali metals. Spezia (Alti fi. Accad. Sci. 
Torino , 1886, 21, 912) has proved that no dehydration takes place 
by the action of pressure alone. 

Under the influence of moisture, anhydrite is converted com- 
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pletely, although not so rapidly as semihydrite, into gypsum. 
Extensive beds of anhydrite are thus altered in part or throughout 
(Bex, Switzerland). The velocity of hydration, like that of dehydr- 
ation, is influenced by the presence of other mineral salts (Rohland 
Z. Elektrochem 1908, 14, 421 ; Bell and Taber, J. Physical Chem * 
1908, 11, 632, 637; van't Hoff, loc. cit ). The rate of hydration 
and the form of product depend on the original state of hydration. 
Anhydrite gives granular gypsum, whilst semihydrite leads to 
plaster of Paris (Schott, Dingl, 1872, 202; Knapp, ibid., p. D13; 
van't Hoff and Just, Sitzungsber. Prcuss. A /cad. Wiss. Berlin 1903 
249). 


The results obtained by the author in the study of calcium 
carbonate (this vol, p. 78o) were such as to make it desirable to 
investigate on similar lines the transformations of calcium sulphate. 
During these investigations the following observations were made ; 

(1) Neither a state of temporary supersaturation, nor the gelatin- 
isation which is so characteristic a feature of the formation of 
calcium carbonate by double decomposition, could be observed in 
the production of calcium sulphate. 

This contrast seems to 1* due to the fact that calcium sulphate 
shows no tendency to form varieties of greater hydration than that 
of gypsum. Xo colloidal calcium sulphate as prepared in alcoholic 
solution by Neuberg and Rewald (Iliocke w. Z.. 1008, 9 .>11 Z 
Ckm. Ini. KolL 1908, 2, 354) could ho observed in aqueous medium! 

(2) Owing to the absence of the gelatinous membrane, the slow 
diffusion, so well defined in the case of calcium carbonate, did not 
develop satisfactorily, the whole reaction being completed within 
a few minutes with the formation of a product somewhat coarser 
than the usual impalpable precipitate. 

(3) Double decomposition (sodium sulphate and calcium chloride) 
under pressure resulted in the formation of gvpsum in the form of 
coarsely granular particles. 


ID wouljlc decomposition at high temperature led to the form, 
ation of finely-granular. compact anhydrite. 

(3) Double decomposition at high temperature and pressure 
resulted m the formation of an niabaster-iike substance of consider. 
nw!? h rT , If " as fo,m<l t0 easily polishahle. and on fracture 
,l„ m . finey ' grauM ' d dnKt ure, the facets reflecting light. This 
sodium AmT’* 10 ? " 8S Carricd out with cither <«) hvdratcd 
sodium sulnhaT “"a an ^ V<lr0US caleill,n chloride. (A) anhydrous 
sodium suM » 6 a “, f hydrated oalp >'>m chloride, or (r) hvdratcd 
°7“ sul l lhatp and calcium chloride. 

of maximn (a> gav ° thc m0St sa ‘ isfapto O- result, yielding a product 

« maximum compactness. 
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The mechanism of the formation of alabaster * is essentially 
similar to that of marble. We may assume a momentary state of 
solution, pressure operating in addition to conditions which would 
ordinarily result in the formation of semihydrite or anhydrite. 

The study of the geological formation of gypsum, anhydrite, and 
alabaster shows this synthesis of alabaster to be a close approxiru- 
ation to the natural process in so far as conditions are concerned 
The actual reagents taking part in the metamorphosis have perhaps 
varied with the locality. 

Experimental. 

Series /. — Solutions of sodium sulphate and calcium chloride in 
equimolccular proportions were mixed together at 20 5 . The 
reaction showed no transition stages, the calcium sulphale (gypsum) 
coming down as an impalpable powder. Concentration of the 
solutions had but little effect on the state of division of the product. 
At higher temperatures, a less finely divided product was obtained. 

Scries //. --Dilute solutions (5 — 7 per cent.) of sodium sulphate 
were carefully poured on concentrated solutions (40 — .10 per cent.) 
of calcium chloride, in the same manner as that employed in the 
ease of calcium carbonate. Experiments wore carried out at 
temperatures ranging from O ’ to 53°. Xo slow diffusion, or vari- 
ation in the state of hydration of the product with temperature, made 
itself manifest in these instances. The only variations observed 
were the velocity of reaction and state of division of the gypsum, 
both of which increased with rise in temperature. The product 
obtained at 15 was finely granular and readily separable by 
filtration. 

Series III. — Finely powdered, hydrated sodium sulphate and 
anhydrous calcium chloride were placed in a wrought-iron tube and 
subjected to pressure. The order of packing and the manipulation 
were the same as those adopted in the case of calcium carbonate. 
The maximum pressure attained in the course of six hours was 
maintained for twelve hours. The viscous paste obtained was 
treated with running cold water, filtered, and dried at room temper- 
ature and ordinary pressure, yielding a coarse, crystal logranular 
gypsum (on analysis— Ca80 l( *JH 2 0), bright in appearance and show- 
ing a tendency to retlect light. 

Series IV. — A narrow copper vessel was packed with powdered, 
anhydrous calcium chloride and hydrated sodium sulphate, the 

* Modern alabaster (CaSO^IbO) is chemically quite distinct from the 
' alabaster " of Theophrastus and Pliny, which was mainly or "ho J 
stalagmite (CaC0 3 ). Hence the latter is still occasionally referred to iL 
oriental alabaster.*’ 
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latter forming the top layer, and heated in an oil-bath for eight 
hours at 205—210° (temperature of melting). The analysis of the 
cooled compact mass showed it to contain no water, thus proving 
that the dehydration of calcium sulphate in presence of sodium 
chloride is complete under conditions which ordinarily produce 
only semihydrite (van’t Hoff and others, loc. cit.). 

On treating this mass, when cold, with running water for half an 
hour, the sodium chloride and any unchanged salts were readily 
dissolved, leaving the calcium sulphate in a finely grained, porous 
somewhat brittle, anhydrous form. Similar results were obtained 
by carrying out the experiment at 300°. 

Series F.— Equimolecular quantities of finely powdered, hydrated 
sodium sulphate and anhydrous calcium chloride were packed in 
an autoclave, the order of packing being as in Series IV. The 
autoclave was sealed and heated in an oil-bath, the internal temper- 
ature being raised to 300° in the course of two hours. The heating 
was continued for another six hours, the temperature being kept at 
300—310°; the maximum pressure attained was 12-5 atmospheres. 
The cold product was found to consist of a hard, compact mass, 
covered with a thin paste of brine, solid sodium chloride, and any 
unreacted starting material. The hard solid was broken up into 
pieces about 1-5—2 cm. in cross section, washed well with cold 
water, drained, and allowed to dry in the air. The product was 
softer than marble ; on fracture, it showed a finely crvatallogranular 
structure and reflected light. Analysis of the finely powderrd pro- 
duct indicated the composition CaS0 4 ,2H,0, only traces of sodium 
chloride being found. In appearance" the ‘substance closely 
resembled alabaster, and it readily gaye a fine polished surface. 
A polished specimen kept in pure cotton -seed oil at 9.V for half- 
an-hour and then polished again on rotating velvet pads, assumed 
a pretty, unctuous appearance. 

Ihe University, Manchester. m. 22 nd 19°° ] 


XGI\ . Bend ions of Thioscmicarbazoms. Part 11. 
Adicm of Esters of a-Ilaloeje natal A ad*. 
hoKsiTH James Wilson and Robert Herns. 

tbp 1 ^ 1 (T ’ 1922, 121 ’ S70) ’ an account of the reactions between 
sodmin derivative of acetonethiosemicarbazone and certain 
acif] ge " ' vas communicated. Estcre of chloroacetic 

Jidded a HMohydantoin derivative of a new type, 



800 WILSON AND burns: reactions of thiosemicarbazones. 


CMe 2 ! N *N , 2 : 4-diketotetrahydrothiazole-2-isopropyl. 

S OHg 

idenehydrazone, hydrolysis of which with acid gave 2 : 4-diketo- 
t etrahy drot hiazole by elimination of acetone and hydrazine. It, 
was not found possible to remove acetone only and isolate the 
intermediate hydrazonc ; the cases reported in this communication 
have been more successful. 

We have now investigated the reactions between the sodium 
derivative of acctonet hiosemicarbazone and ethyl a-bromopropionate 
ethyl a-bromo-tt-butyrate, and ethyl phenylbromoacctate. With 
each of these esters the product was the 2-isopropylidenehijdrazone 
derivative of a 2 : 4-diketotetrahydrothiazole, the reactions, which 
were carried out in boiling alcoholic solution, proceeding according 
to the scheme 


CMe 2 :X-X:C(SNa)-XH 2 + CHRBr*C0 2 Et - 

CMo a :X-X:C<P'V^ + EtOH + NaBr, 

o v_ rl Jtv 

the yields being from 70 to 75 per cent, of the theoretical. 

Hydrolysis of these compounds by boiling with concentrated 
hydrochloric acid for several hours removed acetone and hydrazine 

and gave a 2 : 4-diketotetrahydrothiazole, , in very 

b CHR 

satisfactory yield. If, however, the hydrolysis was effected by boil- 
ing with 2*Y- hydrochloric acid for about fifteen minutes, acetone only 

was removed and the intermediate hydrazonc, XHjj’XXX^^ ^ , 

S CHR 

could be isolated as the hydrochloride. These two types of hydro- 
lysis were quite sharply distinguished in the cases investigated. 
The hydrochlorides of these hydrazoncs, which, it is believed, 
represent a new type of i/Mhiohydantoin derivatives, can bo 
obtained in good yield and are well-defined, crystalline salts which 
appear to be quite stable. In aqueous solution, they reacted 
readily with benzaldehydc, giving the benzylidene derivative, 

CHPlhX'XICv^^ ^ . Attempts were made to obtain the 
S — CHR 

free hydrazoncs from these hydrochlorides, but with unsatisfactory 
results owing to the unstable nature of the hydrazoncs. Wp 
succeeded, however, in preparing 2 : 4 -dikcto-o-dhylktmhydro- 

lhiazolc-2-hydmzonr, XH./XIO < C^^ V * , from its hydrochloride 

2 »S — CHEt 

by means of sodium carbonate as a crystalline powder which 
moderately stable. AH the compounds described were soluble m 
aqueous sodium hydroxide. 
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These hydrazoncs and the 2 : 4-diketotetrahydrothiazoIes contain 
an asymmetric carbon atom, and it is hoped to effect a resolution 
and to bring about the synthesis of an optically active one. We 
also propose to investigate the interaction between thiosemi- 
carbazones and esters of other classes of halogenated acids. 

Experimental. 

Reaction teith Ethyl z-Bromopropionate. 2 : 4- Di heto- 5-methyltet ra - 
h ijdrofhiazolp^-laopropyl identhyd razone , 

\cetonethiosemiearbazone, dissolved in boiling alcohol, was treated 
with sodium ethoxide (1 mol.) in alcohol, and ethyl z-bromo- 
propionate (slightly more than 1 mol.) was added to the cooled 
solution, which was kept at room temperature for one hour and then 
boiled for half an hour under reflux. Sodium bromide was removed 
by filtering the boiling solution which, on cooling, deposited the 
tetrahydrothiazole derivative. This was recrystallised from alcohol, 
from which it separated in fine, white needles melting at lf>0\ 
It was slightly soluble in benzene, sparingly soluble in ether or 
water. The above method may be varied by dissolving the 
previously prepared sodium derivative of aeotonethiosemioarbazone 
in alcohol, adding the ester, and then proceeding as before (Found : 
X ~ 22 *60, 22 70. C-H u OX 3 S requires X - 22*70 per cent.). 

2 : i-Diketo-o-methyltetrahydrothiazole, CO<C^ V! . — The 

X CH.ue 

above tsopropylidene derivative was boiled under reflux with 
concentrated hydrochloric acid for three hours and the solution 
then evaporated to dryness on the water-bath. The residue was 
extracted with hot benzene, and the undissolved solid identified as 
hydrazine hydrochloride by reduction of Folding's solution and by 
conversion into benzalazine. The benzene solution on evaporation 
gave an oil which distilled at lfid — 1 OS c 20 mm. ; the distillate, on 
cooling with solid carbon dioxide and ether, solidified to a crystalline 
mass which melted at 46—47 \ From its properties it is evidently 
the substance already described bv Wheeler and Barnes [Amcr. 
Chin. J., 1900, 24, 78), who prepared it by a different method 
(Found: X — 10*64. (’ale., X ~ 10*69 per cent.). 

2 : ±-Dikrto-i)-7nftkylt(trah})drothiazoIf-’2-h)/dr<non< : Hydrochloride, 

NHyN.Cxj ^ — The isopropyl idene derivative was 

boiled with 2X-hydrochloric aeid under refiu x for about fifteen 
minutes and the solution, after filtration from a small quantity 
of insoluble matter, was evaporated to dryness under reduced 
pressure at 40—50°. Acetone was recognised in the distillate by 
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its odour and by the iodoform reaction. The residue, consisting 
of the hydrochloride, was a white, granular, crystalline substance 
which was slightly hygroscopic, very soluble in water, slightly 
soluble in alcohol, and practically insoluble in ether. It decomposed 
above 220°. The aqueous solution gave a precipitate of silver 
chloride with silver nitrate and nitric acid and it appeared to give 
a silver salt due probably to the tetrahydrothiazole complex, but 
this was not investigated. The substance reduced Feliling*’ 
solution on boiling (Found : X = 22 99, 23T5. C 4 H 7 OX 3 S,HCl 
requires X - 23*14 per cent.). The benvjlidene derivative was 
prepared by shaking an aqueous solution of the hydrochloride with 
bcnzaldehyde and recrystallising the product from alcohol, from 
which it was deposited as fine, white needles melting at 23G 3 . It 
was slightly soluble in cold alcohol and in water (Found : X - 18*03. 
Ci]H u OX 3 S requires X = 18*03 per cent.). 

It was not found possible to obtain the hydrazone itself in 
pure condition from its hydrochloride. 

Reaction with Ethyl a -Bromo-n-batyrate. 2 : 4 -Dihcto^thylUtm- 

^^roMm^fc-2dsop/*opyhWc/ic/iy<h*u:o/ir, CMe.;X-X:C<g - 

This reaction w*as carried out in the same w*ay as with ethyl 
a-bromopropionatc . The compound was recrystallised from alcohol, 
from which it separated in fine, white, glistening needles melting 
at 116'. Tt was only slightly soluble in benzene, ether, or water 
(Found : X = 20*99, 20*90. ’ C 8 H 13 ()X 3 S requires X - 21*11 per 


2 : \-D i keto-o-dh yltr trail yd roth iazolc was prepared from the above 
isopropyl idene derivative by boiling with concentrated hydrochloric 
acid as in the previous case. After rccrystallisation from a mixture 
of benzene and light petroleum, it melted at 03- 64 and wa> 
easily soluble in alcohol or benzene, less soluble in light petroleum. 
It agreed in melting jjoint and properties with the substance 
previously prepared by Wheeler and Barnes ( loc . p. 70) !<y 


another method. 

2 : 4^/A’c/o-:)-eMy//e/mA»/drofAiVr^/c-2-Ay<?rrt:oac hydrochloride uto 
prepared by boiling the /sopropvlidene derivative with ^-hydro- 
chloric acid as with the corresponding 5-methyl compound. 
It was a white, granular, crystalline solid, soluble m 
slightly soluble in aleohol, and practically insoluble in ctim, 
and decomposed on heating at 215-220° (Found: A - - _ 
21*39. C 5 H 9 0X 3 S,HC1 requires X = 21*49 per cen ■)• 
benzylidene derivative was prepared in the usual way ■ - - 
recrystallisation from alcohol, it was obtained as white, mu - P 
needles molting at 200 3 and was practically insoluble m * > 
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water, or cold alcohol (Found : N = 10-90. C 12 H 13 ON 3 S requires 
X = 17 '00 per cent.). 

2 : was prepared 
from equivalent quantities of the hydrochloride and sodium 
carbonate in aqueous solution. After the effervescence had ceased 
the solution was evaporated to dryness at room temperature in a 
vacuum over sulphuric acid, the residue was washed with a small 
quantity of cold water to remove sodium chloride, and analysed 
after drying in a vacuum (Found : N - 2GL>3. C-H 9 OX 3 S requires 
X = 26*41 per cent,). It was a white, crystalline powder, soluble 
in hot alcohol, slightly soluble in benzene, ether, or water. It 
melted at 139° and appeared to he moderately stable, becoming 
a ] ightly yellow on keepi ng . 

Reaction with Ethyl Phtnylbromoa ceiale . 2 : 4 -Dikdo-b-phenyltetra- 


l ydrothiazole-2-isopropyUdcn ehydrazonc , <AUe 9 ! X •X*C < C* S ^ * 9^ 

H — CHPh’ 

was prepared by the usual method from this ester and the sodium 
derivative of acctoncthiosemicarbazone. Kecrystallisation from 
alcohol gave fine, white needles melting at 198—199° which were 
not appreciably soluble in benzene, ether, or water (Found • 
X = 16-89, 16 96. C 12 H 13 OX 3 S requires X = 17 00 per cent.). 

2 : i-Dihto-o-phenyltetmhydrothiazob was obtained by hydrolysis 
of the previous compound by means of concentrated hydrochloric 
acid in the usual way. After recrystallisaiion from alcohol, it 
melted at 125—126" and corresponded in its properties with the 
compound prepared according to another method by Wheeler 
{Amer. Chon. J 1901, 26, 352). 


2 : 4-Diketo-5-phenyltetrahydrothia zoic -2-hydra zone hydrochloride . 
prepared from the tsopropylidcne-hydrazune by hydrolysis with 
dilute hydrochloric acid in the usual way, was a white, micro- 
crystalline powder which decomposed above 240 ; it was rather 
sparingly soluble in cold water, soluble with difficulty in alcohol, 
and practically insoluble in ether (Found: X = 17*20. 17-15 
0 9 H 9 OX 3 S,HC1 requires X - 17 25 per cent.). The Unzyliduic 
derivative, prepared in the usual way and recrystallised from 
alcohol, formed microscopic, white, hair-like crystals melting at 257 ; 
it was only slightly soluble in cold alcohol, benzene, ether" or water 
(Found : X = 14*15. 0 1C II 13 OX 3 S requires X - 14*23 per cent.). 

attempts were made by various methods to liberate the free 
be obtained 10111 ^ k^ roc ^ or ^ c - * ,ut 11 P urc specimen could not 


In conclusion, 
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XCV . — The Application of the Hofmann Reaction to 
S it bst it n ted ( Ui rbn m ides. 

By Okoimie Boreht Elliott. 

Since in the reaction between alkali and benzoehloroamide the 
Hofmann reaction proceeds under easily controlled conditions 
(Elliott. T., 1022, 121, 202), the possibility of its occurrence with 
an A T -chlorocarbamide under similar conditions has been investigated 

The AT-chloro-com pounds of phenylcarbainide were selected lor 
this purpose as likely to give less complex reactions than the 
analogous derivatives of carbamide itself, owing to the presence 
of the stabilising phenyl group, and the unsymmetrical structure 
of the molecule. 

According to l)oht {MojiatAi., 1906, 27, 2lil), the action of chlorine 
in excess on phenylcarbainide in cold acetic acid solution produces 
2 : l-dichlorophenylcarbamide; whilst 2:4: O-triohloroacetamlide, 
ammonium chloride, and carbon dioxide are produced at higher 
temperatures. 

Chattaway and Chaney (T., 1910, 97, 292), without mention of 
Doht s experiments, in a much more comprehensive study of the 
action of chlorine on phenylcarbainide in glacial acetic acid solution, 
obtained different results from those of the earlier investigator. 
By variation of the conditions, they substituted chlorine for one. 
two, or three of the hydrogen atoms attached to nitrogen, in the 
order, 

XH„-COXH-C fi H 5 -*■ XHOCONH-f ‘ R H 5 XH( ’H , 0*X( , K' 6 H i -+ 

— > XCVCO’XCKgHj ; 

and in presence of hydrogen chloride, isomerisation of the 
-CONCH 1 6 H 5 group to -C()*NH # C 6 H 4 C1 occurred ; the first chlorine 
atom passes into the para- posit ion, and subsequent atoms then 
take up the two ortho-positions. Chat ta way and Chaney aki 
drew the conclusion that the -COXHCI group was comparatively 
stable towards hydrochloric acid, but broke down in presence of 
alkali carbonates, liberating nitrogen. 

The first claim to the successful application of Hofmann s reaction 



HOFMANN REACTION TO SUBSTITUTED CA KB AMIDES. 


805 


to a carbamide was put forward by Schestakoff (./. Puss. Phys. 
Ckewi. Soc. t 1905, 37, 1) when he obtained hydrazine from urea by 
the action of equivalent quantities of alkali hypochlorite and 
hydroxide. The suggested mechanism of the reaction was : 

NH.-CONHo — NH,'C(ONa):N T C'l XH 2 -X:<XI(OXa) 
NHvNH-C0 2 Na JL'%. NH,-XH» -|- XaHC% 

Werner (T., 1922, 121, 2324), however, from evidence obtained in 
his investigations on the hypochlorite method of estimating urea, 
has been led to doubt whether this mechanism can be accepted 
as applying to more than a possible side reaction. 

The experiments described in the present communication tend 
to support SchestakofT s view that the transformation is analogous 
to the Hofmann reaction. 

Chattaway (T., 1909, 95, 235) discovered that the action of 
ammonium hydroxide on dichlorocarbamide, XHCTCOXHCl, pro- 

duced })■ urazinc, ^^XH-Nfr ^ ; * 10 suggested that mono- 

fiilorocarbamide was first formed, and under the influence of 
ammonia was then converted into the urazinc by direct condensation, 
with loss of hydrogen chloride : 


eo< 


NHC1 

XH 3 


+ 


XH<r 
C1 HX 


>00 


C0< 


NH-XII 

XH-XH 


>C0 + 2HC1. 


Tn the author's opinion, however, the change is another instance 
of the Ilofmann reaction, according to the mechanism 


* nh 2 -C(OH):nci 
xh 2 -n:c{Oxh 4 )ci -4 

XH./X v 

CO- -r “ CO 
XXH, 


XH 2 -C(0XII 4 ):XC1 - 
xh 2 ‘x:co xh 4 ci. 


co< 


XH-XH 

XH-XH 


■CO. 


As it was unlikely that the intermediate compounds could be 
isolated, support of this view seemed to require the proof that 
ehlorocarbainides in general react with alkalis through intermediate 
carbimide compounds. 

The results actually obtained by the action of sodium hydroxide, 
ammonium hydroxide, or sodium othoxide on phenylmonoehloro- 
caibamide, C g H s *NH-COaNHC 1, and on mono- and tri-chlorophenvl- 
monoehlorocarbam ides are difficult to explain on any otlier assump- 
tion. For instance, the action of ammonium hydroxide on /j-chloro- 
pnenylmonochlorocarbani idu produces />-chtorophenvlsemicarbazide, 
b 6 H 4 ( l-XH-XH-CO-NH,. This reaction requires for its simple 
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explanation the intermediate formation of a carbimido following 
a Beckmann change, thus : 

R-NH-C(01l):XCl -> 

R-XH-N:C(OXH 4 )t1 - > KXIl XrtO 2L* R-XH-XIK'O-XH,. 

The action of the other alkalis is similarly explicable on the lines 
of Hofmann's reaction. 

Another surprising and important result came to light in 
connexion with the preparation of the chlorophenylearbamides. 
It was observed that not only can a chlorine atom wander from tin* 
nitrogen atom directly attached to the nucleus of a phcnylchloro- 
carbamide, M'O-X HO. for example, giving p-chloro- 

phenylehlorocarbumide. (^H/'l'NlHtbNllri, but also that 
when the phenyl group i> un*uhstitiited, a chlorine atom nmv 
wander to the para-position, from the nitrogen atom indirectly 
attached to the nucleus. Thus, under tie* intluence of alkali in 
the cold, or by boiling the aqueous solution, />-ehloropheny!earh- 
arnide, ( 1 c H,(TXIH , 0*XH. 1 . was obtaintd from phciivlmonochloru. 
carbamide, t^ll^NlH’O-XHt 1. If tlm para-poMtinn be already 
occupied, no such wandering to the ortho-position will occur; thus 
a second atom of chlorine eouM not be introduced into the nucleus 
by treatment of /<*chl«>roph<-nvlm< tci hh !«►. arbamide, 

r.Ud’i-NH-npMici. 

This limitation differentiates the wand* ring from that which takes 
place from the nitrogen atom dircetlv attach'd to the nucleus, and 
indicates that at no period <.f t h*- iranMlim d-** > tin chlorine aVtu 
become linked to t hi- nitrogen atom. 

K \ r i; i: i m i: n i' \ i . 

t ’hb/n tuition uj i’k> ttifl<'firh*itnf!’ A' it w.i- immaterial to the 
present purpose wln-tln r tin- hen/< m- m;- ). u^ w» n- Mib-litutod i,r 
not , provided a chloroearhamide containing > h- gr> up N 1 1 •( O-N lb \ 
were obtained, the dir* ■ t • id- a mat i<m of pin n vh arbamide in 
aqueous solution was studied. Anai\-e. of the product- >h..wi-d 
that, under such enudit ion*. mix’ure- of njoii«--. do, and tri-dil. -i. ■ 
phenvk'hloroea! b imi»i« - are bum-d a- > ordmg to xarvmg d'-go ; - 
of aridity and duration of ehlorinat e-n. \\y the action of -uj. 
phurous acid on the mixed pr-dm » at 1- t-t ?v\-- * --hm-* ut \\<- 
memlwrs of the pin nvh arhamidc. ld.troplienylcarbanud' . 

2 : 4-diehlorophenviearbaimde, and ~ . 4 L-trn hioropheri\ irh- 
amide are usually obtained, lmt their reparation by fr.ictioiul 
crystallisation is too tedious to make tin- preparation of an\ 
particular one of them pr.u t i<\ibl'- by tin- method 
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Turning to published methods of preparation of the chloro- 
carbamides, the author drew the conclusion that Chattaway and 
Chaney {toe. cit.) underestimated the effect of hydrochloric acid on 
the -CU-XHC1 group. Concentrated hydrochloric acid causes 
evolution of chlorine from all the phenylchlorucarbarnides containing 
such a group; and although the action is slow with dilute acid, it 
certainly takes place. Tims if phenylearbamkle be completely 
chlorinated in concentrated hydrochloric aeifl solution, wring a 
moderately slow stream r,f chlorine, 2:4: O-triehlorophenvlearb- 
a inkle only will lx* obtained, and no chlorine attached to nitrogen 
will be detectable in the product. Owing to the hydrogen chloride 
liberated during substitution, a similar action takes place when 
the chlorination is conducted in indifferent solvents: tin-- to ^une 
extent causes uncertainty in repeating the carefully worked-out 
preparations of Chattaway and Chancy if a slower .-imam of chlorine 
than that used by these experimenters be employed. In repeating 
their preparation of 2:4 : b-trirhlornphenylmomshlororarbamide. 
C fi IU VNIH 0‘NH< 1. whirl,, bi-ing the ultimate pr«»duet of direct 
chlorination in aertje acid solution, p given as the mo-t ,-a'ilv pre- 
pared of the ehlorophenylrliloioraibami.ir-. the author carefully 
fultii led t he prescribed condi t ion » • d nmu ntrat ion a ini t<n: jMTat u re 
After chlorination for two hours, no product had separated. and ..n 
adding water, a mixture containing vnv little eliiorim- attached 
to nitrogen, and consisting man, iy of 2 ; 4 ; o.t ri- hlompheny]. 
carbamide, was obtained. To., -hoc a stream of chlorine bad. 
evidently, been employed. so that chlorine \sa- mi n..ved from the 
-Id'NIiri group a- quickly as it ua> introd-icd 

A similar explanation, n.. doubt, iiimimt. f.. r the failure of Ik.ht 
(/<«*. rif.) t< 1 obtain a chl'Toeai bamtde. although i.!» statement that 
2 : l-diehlnropheiiyi, arbauude is | r. >«1\: ed by li.<- of excess 

of chlorine on phenyl, arbannde m lKi \\ arid solution \< 

iiicorreet. 

A- direct chlorination of pl»cn\ i.-arbanude . d- r*d ms« h difficulties 
of 1 out rn|, the Use of A O hyp Idem:;, a. id tt.e !<-- Itei.l to. 15 v 
tliis means, m the eld and in ab-< n .••• . f ipdm. lri. ro- arid, chh-nn’c 
atom- are rntrodun d in the <>nb r gi\« n * n j, sot 

As, however, the reaction l-’tween a .arbamide and h\ p -Odorous 
and 3. reversible, an .v,-- of the Utb r n agent m p„m rvd for the 

Completion of each of these a Jo ,, r , , m , v t ^ ,.f y 

liypoehlur- acid was cmph.wri m each t .k, although tins amount 
dnsnot < I i> place the equilibrium in any n a. tmn to the . omph tiou 
lK J iut. It was desirable. h«itvi-w. to under, hi. rinalc rath, r than 
t*> overchlorinato. as the pn-M-ti.r of umhang.d carbamide 
m,t a!j,rt tll '“ result of the action of alkalis. r-w-M.-n to carbamide 
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being one of the normal courses of such reaction with the chloro- 
carbamide. 

Preparation of Phenyl m onoc hlorocarba m ide , C 6 H 5 -NH*C0*NHC1.— 
The requisite amount of hypochlorous acid is allowed to remain 
in contact with a suspension of finely ground phonytearbamide 
during several hours. The oily emulsion which first forms soon 
coagulates to yellow nodules of crude phenyhnonoehlorocarbamide. 

Treated with eold hydrochloric acid, this coni|M>und loses chlorine, 
and phenylearbamide is obtained; consequently the chlorine atom 
is combined with the nitrogen atom indirectly attached to the 
nucleus, otherwise isomerism to /j-ehloropheuylearbamide would 
occur. If, however, this cldorocarbamidc be warmed with water, 
chlorine will wander from the side chain to the para-f>nsition in 
the nucleus; in the cold, no /M-hlornphenylcarliamide could hr 
detected even at the end of twenty-four hours. 

Preparation of p-f 'hloruplt* niftrarltumtdi . ( 6 ll|( TNIH'O’NII.,. 
Phenylearbamide is treated with an aqueous solution of hyj>o- 
ehloroiis acid (l mol ), and the solution heated to boiling. This 
docs not serve to complete thr transformation, but a rejieated 
treatment with the acid (1 mol.) i> more than sufficient to complete 
the change without introducing any further chlorine atoms into 
the nucleus of the p-elilorophenvlearbatmde already present. Anv 
chlorine attached to nitrogen is now removed with sulphur dioxide 
and the brown solution decolorised with animal charcoal. /eOilom- 
phenvlcarbamide separates in needles from the cooled solution anil 
after reervstullisatiou from water melts at 2 1 2 . 

A second atom of chlorine may be muodmed into the nuclein 
only bv causing it to wander from the nitrogen atom direct Iv 
attached to the mu leiis. Attempts were made to prepare 2 : 4-di- 
chlorophenylearhamide by treatment of y»-rhloroph«-nvlearljamidr 
with two equivalents ( .f hypiK'hloroiis aeid t« * praline the eom. 
pound l*N< Tt‘0*NHt’l, warming with a little hydrochloric 

acid to isomiTise to 2 : 4-diihlortiphrnvlmnnneh|ororarhamid»\ au<i 
then treating with sulphurous acid f hung. h«*u. \ rr. to tie* complex 
equilibria between hv|HK'hloious aeid, the ehhnophenx h arbaniide. 
and the various jHissjfil,- ehloro -romj»oiinds of mono-, db, and tri- 
ehlorophenyi4 , .irbamides, mixtures . .f m..n<*- and di-, or of di- and 
tri-chlnroph ‘nvlearbamidi s u»rr obtained in each ease, and could 
only 1»“ separated bv tedious fractional « i \ stallisati««n. 

Pr* jjftrnhon of 2:4 fi- l' ru'hlorufdo , 

rji ji VNH-ru-MI,. 

ThU i“omjH)Un»i is most easily prepared bv direr! chlorination 
to completion of pln nyiearbamide ( |u grams). dissolved in a mixture 
Ilf glaeial arctic arid { 1< M ► e e ) and concentrated hytln wliloi ie arid 
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(100 c.c.). The product is precipitated with water, collected, and 
recrystallised from alcohol. Should the presence of any chlorine 
attached to nitrogen he indicated on testing with potassium iodide, 
the product is first treated with sulphurous acid. 

Action of Alkalis on Phnykhhrorarbumide, C 6 H 5 *NH*C0*NHC1. 
—The preliminary reactions which take place in aqueous solution 
are represented hy : 

I. (* 9 II 5 *XIH O-NHCl p II, ,()„/’ ( H(K1 

II. r 6 H^NH*('()*NHn ’ r (’ e H 4 (TXH*CO'NH 2 . 

in. (^(’KXJH’O’NII, • HOCU..T ( ' g H 4 (TX Hd’ONHIl - H 2 0 . 

[n each experiment, phcnylcarbamide was formed (reaction 1): 
y/.cliloro[)heny]earhainide was also produced under t 1 m* influence 
,,f the alkali (reaction II). The further product was actually the 
result of the action of alkali on p-chlorophenylmonoi hh'roearh- 
amide obtained aceording to reaction III, and will be considered 
later, it will be seen that this removal of p-ehlorophenvlmono- 
ohloroearharnide causes each reaction to proceed from left to right 
|,y displacement of the equilibria. 

The final produet* of tie* aetion of alkali* on ph**riylchlorocarlc 
amide are consequently identical with those obtained from /»*eh!oro* 
]il)('uyluiotioehh 'ft »earliamide. 

j,Vm» uf Sodium Hydruxvi*. . On addition of **>dium hydroxide 
dilution to jihenylmonoi'hlonK-arbainide. )'NH(‘l. then* 

was a development of heat, an odour reminiscent of earbylamim*. 
a darkening of tin* colour, and a vigorous evolution of nitrogen. 
The i hlororarbainide upland to be more soluble m the alkali 
than in water, and the residue after filtration cond-ted mainly of 
jtln nvlearh amide and yeehlnrophenyb arhnmide A* it was the 
change., of the jH>rtion soluble in alkali, probably due to the pro* 
liimnary formation of .* coni|*>und 1 i * N IH M »\a !Nt I. whieh were 
to be >t tidied, lie* procedure III each « \|w-nm« nt W,l-> to arid the 
alkali solution. stir. !ilt«r rapidly, and examine the filtrate, rvjer ting 
the residue. 

Tiie thar fill rat*- -••on bream* * h>udv. ami *t*am dt*t illation 
yielded Vi t a cnmjtouhd jy.,* he *r» *j *!i* -nylhx dru/im -i which rv*l»i« ■*‘»i 
Miling'.- solution and g.nc with b*n;.;ibbhy«l*- a compound which 
eoiitainc*! chlorine, {/*) a \ell*»w oil haung t he proprrti. * of thloro- 
Iren/.cm* 

After M paiating tin m- substam*- l>y filtration, tin* alkaline 
n ddiie ua* acjihiied with hydroehlori* a* id it gave a yellow 
precipitate (/K’hh»ro)« n7.« m^ha/.H arN*\yb< a* id and ; eh)or*>- 
phenylhydrazintTarl»o\vlic ncidh which decompwd instantaneously 
with a vigorous gas evolution, having a pasty, yellow mixture of 
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products, amongst which chlorobenzene was identified, whilst the 
acid solution contained p-chlorophenylhydrazine, which separated 
on the addition of alkali. 

Although each of these products was only formed in vxry small 
quantity, there is little doubt that Hofmann's reaction had taken 
place according to the following mechanism, where R — p-C 6 H 4 (T : 

I. R‘XH‘C(OH):XCl -f XaOH --> K«NH-C(ONa):XCl + H 2 0. 
ir. R-XH-C(OXa):XCi* R*XH*X:C(ONa)Cl> R-NHvNTCO-f XaCh 
III. RXH-XX’O + XaOH R-NH-XH-CO-OXa 

R-XH-NHj + XaHCOj. 

The hydrazine formed would then be attacked by the sodium 
hypochlorite present in solution, giving the hydrocarbon which is 
the normal product of such action (Chattaway, T\, 1009, 95, 1065). 
Complications also arise from the oxidation of the sodium p-chloro- 
phenylhydrazinecarboxvlate, C 6 H 4 t.TXR , XH*CU 2 Xa, to sodium 
p-ehlorobenzcnediazoear boxy late, ( , 6 H 4 (TX.‘X*( ’0 2 Xa. The free 
diazo-acid decomposes immediately, giving a complex mixture of 
products, one of which is chlorobenzene. 

Adton of Ammon mm Ifydrox idr.-- -.\mmotiium hydroxide was 
added to phenyliuotiochloix carbamide, and the well stirred solution 
was then immediately filtered. Tim residue consisted nminlv of 
phenvlcarhamide and />•<• h loro] >henv lea rba mule. 1 ho eh-ur, orange, 
coloured filtrate, when allowed to stand, nr more rapidlv when 
warmed, dr posited a yellow precipitate whirh reduced warm 
Fehling's solution. This product proved t<> he a mixture of tun 
compounds separable by extraction with boiling benzene, The 
benzene extract deposited lung, orange-red needles, whieli aft- r 
recry stallisatioti limited at lv> t whilst tin- insoluble portion 
colourless, and aft* r ivcrystallisation from acetic acid inched 
at -\Ti\ 

The insoluble, colourless protluel reduced Ih tillin' Kehhng V 
solution, and guv*-, on hydrolysis, ammonia and colourless need!*. » 
melting at HO . which readily r«*diM d Id hiir.gd solution m f \ ■ 
cold. The compound itn. p. g’Ti ) was doubtless p-eh!< Tophi b 
setnicarluzide ( Kuutid : N 2- 7, t’-H ,< requires N 'dT'd 
perernt.J. Tim hydrolyse, product fm. p. !<o ) wa.s p-eldoioph' -ny) 

hydrazine. 

(hi ovidatii.n with alkiiiii' p rm.i’aoiotr. tin chlnroph* \\\ • 
■>einicari>i/.idr gave p.i iilnruhrn/.rmdiazorarhoiiatmde, 

i\ n l (>N:x«n>-Mi 3 

On. p. 1^‘X), wlmh proved to lie identical with the portion of th< 
original product soluble in U-nZetie. 

TIm- Dii rhanism of th*‘ reacMniH giving the.se products is proh.ihly 
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represented by the scheme shown on p. 806, and during the reaction 
some of the p-chlorophenylseraicarbazide is oxidised to jj-chloro- 
bcnzcnediazocarbonamide. 

It was found that p-chlorophenylsemiearbazidc is very susceptible 
to alkaline oxidising agents, and is, indeed, readily oxidised to the 
diazo-compound if left exposed to the air, in alkaline solution. 
An alcoholic solution of the semicarbazidc rapidly became orange- 
red after the addition of ammonium hydroxide solution, and 
deposited long, orange needles of p-chlorobenzcnediazocarbonamide 
after exposure to the air for several days. 

When a solution of the semicarbazidc in alcoholic potash is left 
exposed to the air, golden -yellow Hakes appear after about two 
days. This compound is probably potassium p-chloro benzene* - 
diazuearboxyJate, C 6 f 1 4 C1 • X X *C0 2 K , as its properties and reactions 
agree in all respects with those of this salt as recorded by Hantzsch 
and Nebulize 181)5, 28, 2081); its formation is doubtless 

due to hydrolysis following oxidation : 

k-nh-xh-itvnh, - - k-n:n*co*nh 2 >* ivn:n*c(U\. 

Action of PiAn.'isiutn l\lho.ct>h . On th<* addition of pota-.-ium 
ethoxide to an alcoholic -ulution <•{ ph* nylmonochioiui arhamide. 
tin iv was a dark*riiiu: of tb* suluiion and juitas-ium chloride 
-rparatcri. followed aft* r an 1 * tiim • by a j »n <.i jd t at«- of golden - 
vi'llow plaits. It ua- found impo->jh]< to ]«urify t lii < cuinjtound 
from jM>ta»iuiu ehl<«rid< . but in prop* rtie< it app* arid to Ik* identical 
with (lie simple of pHti-.-ium yi-chl"fob**]t/« nediaznearboxylate 
prepared from /**< •hlnruphenvI'M mu arba/ide a- devriU-d above. 
Krom analogy with previous rv-ult-. ?h<- reaction probably proceeds 
along the lines 

K’NIH’pJlipNri • H*Nri*( ,OK :N(1 * K-XlKVt iUK t 1 ► 

K-XH-N.Vn • Kfi. 

K-MkVfu Kit »H - lt-Ml*Mi*fi bKt. 

In tin - pr«--*-n< -* .»f ;dkaht:<* . au- nt» the hydra/.-* •••mpomnl 

nouM dnubths- o\idi-e t m t h* ■ 'ba/"-i <»rnr‘ -md. 

K-NH-X1H u.Kt n * K-XdX-fn, Kt IU>, 

v In* h by hydroh-iv u«cdd low* U-XiXd'OJv 

Tiir view that the pii>dui t e- <i ti.a/f * i.mjHi-si-b anil r.ol a livdra/n. 
'■"inp. .1]J jt I I- Hi: IS «: \ijl..\v t uliith 1- Dot din* N- 

“i-: anii' impurity a{-<» mi th* f.i- r that tin* fn> aeni !ib- r.it*d fr- tr- 
bn potas.-ium salt i- obtaiu'-d a- a yellow precipitate before it 
decompoMs. 

Action of AJktllt- on 2:4 b i I 'IfA /on )?»/;•-. .:Ju . .-W;/- <i <*-}•' M’Ui'f*'. 

( ,1 1 f 1.-N1H U-Nlin 
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Action of Sodium Hydroxide . — If sodium hydroxide be added to 
the chlorocarbamide, and the product boiled and steam distilled, 
2:4: 6-trichlorobenzene will be obtained. If, however, the 
reaction be performed in the cold, other compounds may be isolated. 

As before, the alkali was added, the mixture stirred and im- 
mediately filtered, and the filtrate and washings were examined. 

On the addition of the alkali, heat was developed, and the solution 
darkened ; in some cases, conditions favoured the separation of 
a brown precipitate of a sodium compound. On acidifying the 
solution with hydrochloric acid, a yellow precipitate (trichloro- 
benzenediazocarboxylic acid and trichlorophenylhydrazinecarb- 
oxylic acid) separated momentarily, but decomposed immediately 
with effervescence and production of a brick-red, pasty mass, from 
which 5-trichlorobeuzene was obtained on steam distillation. After 
filtration, the acid solution was made alkaline, and a colourless 
precipitate of 2 : 4 : iSdrichlorophenylhjdrazinc obtained. This com- 
pound crystallises from alcohol in long, flat needles melting at 
138° (Found : Cl - oO ll). C 6 H 5 N 2 C1 3 requires Cl --- 50*36 per 
cent.). Its warm aqueous solution readily reduces Folding's 
solution, and when boiled with copper sulphate gives s-triehloro- 
benzene. The hydrochloride is readily soluble in water, but only 
slightly soluble in concentrated hydrochloric acid. 

The mechanism of the reaction may be represented as in the 
production of p-ehlorophcnylhydrazine; and, as in that east*, 
oxidation to some extent diverts the main reaction, sodium tri- 
chlorophenylhydrazineearboxylate giving sodium triehlurobenxcnr- 
f lia zoca rho xy la to , 

C 8 H 2 C1 3 *X H * XH’COjjXa ; O - j 1I 2 U. 

The brown precipitate which in some eases separated from the 
original reaction mixture was probably the oxidation product, 
sodium 2:4: 6-tnchInrol)enzeiu v dia/.oearboxy!ate alone : when 
treated with acid, it gave a ivd, pasty mass, similar to that obtained 
as already described, and no hydrazine could be obtained from the 
resultant solution. 

Action of Ammonium Hydroxide. The ehlnroearhamide was more 
soluble in ammonium hydroxide solution than in water, but on 
warming the clear solution, only 2:4: fi-trichlorophenylcarhamiile 
separated. 

Action of Sodium EthoxvU . — An alcoholic solution of sodium 
ethoxidc was added to trichlorophonylinonoclilorocarbainide ; the 
liquid was well stirred, and then filtered. The filtrate was dark 
coloured and deposited a fl.jcculent precipitate. This compound, 
washed with alcohol, was quite colourless, did not melt, and was 
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evidently sodium 2:4; Odrichlorophenylhydrazinecarboxylate, as 
it dissolved readily in cold water to give a solution which, slowly 
when kept, more rapidly when warmed, deposited 2:4: 6- trie h loro - 
phenylhydrazine. Also, the cold aqueous solution, treated with 
hydrochloric acid, gave a precipitate which immediately decom- 
posed with effervescence, and from the solution, alkali then pre- 
cipitated trichlorophenylhydrazine. 

The original alcoholic filtrate from the sodium trichlorophenyl- 
hydrazinecarboxylate contained the oxidation product, sodium 
trichlorobenzenediazocarboxylato ; after diluting with water, and 
filtering, the clear filtrate gave, when acidified with hydrochloric 
acid, a yellow precipitate which decomposed with effervescence, 
yielding a pasty mass containing .s*tri chlorobenzene. 

The mechanism of the reactions giving these products is probably 
similar to that put forward for the action of potassium ethoxide 
on phenyl monochlorocarbamide. 

In conclusion, the author wishes to express his indebtedness to 
Professor F. S. Kipping, F.R.N., for his continued interest and 
criticism of this work ; also to acknowledge receipt of a grant from 
the Department of Scientific and Industrial Research which has 
enabled this investigation to be carried out. 

Universitv C'ulleue. Nottingham. litcdioj, l'0>ruary 20/A, 1£»23] 


XCVI. — Phosphorous Acid Esters . The Influence of the 
Character of the Croups R\ R", on thi Stability 
of the Molecular Complexes R'R "R'"C‘0’P( , L> and 
inrR"V-<>P(OH) 4 . Part L 

By David Rrst iman Boyd and dry Ciuonkll. 

Very few nin noalkyl esters of phosphorous acid have been prepared. 
Kthyl phosphorous acid, CjH^O-PfOHb. and txiamyl phosphorous 
acid, F & H n *0*p(OH).,. were obtained by Wurtz {.but. ('him. Phys., 
1840. |iiij, 16. 21s) from the corresponding alcohols by means 
of phosphorus trichloride: a similar derivative of methyl 
alcohol was prepared bv SehifT (.Dumb a. ISoT. 103. 164). Carre 
[('ompt. rant., IWI, 133, SS2) has shown that glycolphosphorous 
acid, 0H*0H 2 , CH 2 , O*P(()H) s , and glyeerolphospliorous acid, 
C 3 H 5 (( ) H ).,•< bP(0 H ),. n re formed by the direct action of phosphorous 
acid on glycol and glycerol. 

These esters, derived from simple aliphatic alcohols, arc all 
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very easily hydrolysed, and with the exception of isoamylphos- 
phorous acid they were not obtained in a condition sufficiently 
pure for analysis. On the other hand, it has been shown by one 
of us that the phosphorous acid esters derived from the ay-di- 
arvlethcrs of glycerol (T., 1901, 79, 1221) are comparatively 
stable compounds. Thus diphenoxyisopropylphosphorous acid, 
(06H-0'CH 2 ) 2 CH*()*P(OH) 2 , undergoes no change in moist air. 
It can be crystallised from hot water, and its solution in aqueous 
ammonia may bo boiled for a long period without any decom- 
position occurring. The influence of the two phenoxy -groups on 
the stability of the complex ~OOP(OH) 2 is striking, and it 
appeared probable that stable phosphorous acid esters could be 
prepared from other alcohols containing one or more phenyl groups. 
A study of the action of phosphorus trichloride on aromatic alcohols 
has therefore been undertaken with the object of accumulating data 
which may lead to a clearer comprehension of the factors by which 
the stability of the groups ;~1X)*PCU and "t>0*P(<)H) 3 is 
determined. 

In the majority of the cases so far investigated, it has not been 
found possible to isolate any phosphorous acid derivative, the 
products being either chlorides of the type R'R"R / "(X , 1 or un- 
saturated hydrocarbons. Triphenylcarbinol, on the other hand, 
when treated with phosphorus trichloride, gives an excellent yield 
of the corresponding phosphorous aeid chloride, in accordance 
with the equation 

(f , «H 3 ) 3 c-oH m 3 - - ((\di.yxpptT -j iiei. 

This acid chloride, which can be isolated without difficulty, 
was found to possess unexpeted stability. Pnlike any substances 
of the type R*OP( L hitherto described, all of which resemble 
phosphorus trichloride inure nr less closely in properties, n>il- 

irnith ox n phosphorus (UrhlurUU is not attacked by boiling water or 
aqueous sodium hydroxide. It can In* crystallised from boiling 
ethyl alcohol with comparatively small |o>s, provided that the 
process is carried out rapidly ; continued heating with this solvent 
transforms it into tie* ethyl other of triphenylcarbinol. The 
stability of tin* compound towards water and alcohol is therefore 
greater than that of triphenylehloroinethane, which, as is well 
known, is hydrolysed even by cold water, and very rapidly converted 
into the corresponding ethyl ether by boiling aleohnl. 

By the action of an alcoholie solution of potassium hydroxide «>n 
triphenvlmothoxyphosphorus diehloride the corresponding phos- 
phorous acid, XM^OII can lie obtained. 'I’his acid 

shows remarkable stability towards hvdroiv.-ing agents. Prolonged 
boiling of a solution of its sodium silt, in water containing excess 
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of sodium hydroxide, produces no decomposition. In this respect 
the acid differs noticeably from diphenoxywopropylphossphorous 
acid, which is readily hydrolysed by boiling its solution in aqueous 
sodium hydroxide. 

If the properties of triphenylmethylphosphorous acid are compared 
with those of its simple prototype, rnethylphosphorous acid, the 
salts of which decompose in aqueous solution even at room temper- 
ature, it is obvious that the substitution of three phenyl groups for 
the three hydrogen atoms of the methyl radicle has profoundly 
affected I lie capacity of the complex' ~/>(>P(OH), to resist 
hydrolysis. 

An explanation of the remarkable influence of the phenyl groups 
uuiv he looked for in more than one direction, but at the present 
stage of this investigation it is not proposed to enter upon a full 
discussion of the theoretical possibilities. It may, however, be 
pointed out that the hy{>ot basis of varying affinity values, which 
has been successfully applied by Werner (Tkr., 1906. 39. 1278) to 
account for the conspicuous reactivity of the chlorine atom in 
triphenylehluromef bane, does not offer any explanation of the 
unusual stability of tri phenyl methoxyphosphorus dichloride. 
This is evident from a consideration of the formula 


0«H 5 v 


X’l 

Cl 


in which the chlorine atoms appear as loosely attached tu the 
phosphorus atom. The behaviour of other triarylca rhino!? towards 
phosphorus trichloride is at present under investigation. 


K X v K ft i M L N T A I. . 

Tri phenyl tm tharifphoitphorujt Jhchlwi'k . ~ Tin grams of triphciivl- 
eailiinol (I mol.) were added to 111 grams of phosphorus triehloride 
(H) mols.) contained in a tlask which was cooled in ice. After 
standing for half an hour, tin* flask was removed from the ice and 
the reaction was completed by heating in a water-bath under 
reflux for one hour. The reaction product formed a hard mass 
with a pale yellow colour. To facilitate its removal from t he 
llask, a small quantity of ether was added and the contents of the 
lla.sk were poured on ice. The resulting solid product was tiltered 
oil, washed with aqueous ammonia and then with water, pressed, 
and dried in a vacuum desiccator. 

In order to remove triphenylehloromethane. which is produced 
along with triphenylmethoxyphospliorus dichloride by the action 
of phosphorus trichloride on triphcnvlcarbinul. the crude product, 
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after drying, was boiled for two minutes with 20 c.c. of ethyl 
alcohol. The greater part of the material remained undissolved 
and, after cooling, was filtered by the aid of the pump, and dried 
in a desiccator. In this way, 7 grams of nearly pure triphenyU 
methoxy phosphorus dichloride were obtained. 

The compound is conveniently recrystallised by dissolving in 
hot chloroform and adding to the chloroform solution about half 
its volume of acetone. On cooling, minute colourless plates and 
prisms separate. These begin to shrink at 180° and melt with 
decomposition at 189 — 190° (Found: C = 63*23; H — 409; 
P — S*40 ; Cl - 19‘82. C 19 H 15 0C1 2 P requires C — 63* 15; 
H — 415; P = 8*59; Cl — 19*63 per cent.). 

A determination of the molecular weight in chloroform solution 
by the Landsberger method gave 352. C 19 H 15 0C1 2 P requires 
M — 361 . 

The substance is moderately soluble in boiling toluene, and 
difficultly soluble in hot benzene, acetone, or ethyl acetate. It 
dissolves slightly in boiling ethyl alcohol and crystallises out as 
the solution cools ; but if boiled with alcohol for about half an hour 
it is converted into triphenvl methyl ethyl ether. 

Triphenylmethoxyphosphorus dichloride is not afTccted by 
boiling water or aqueous sodium hydroxide. If crystallised rapidly 
from hot aqueous acetone (10 vols. of acetone to 1 vol. of water), 
only a comparatively small portion is hydrolysed. It dissolves 
in cold concentrated sulphuric acid, with evolution of hydrogen 
chloride, forming an orange-red solution. If this solution is 
poured into water, a precipitate of triphenylcarbinol is obtained. 

Triphenyhnethyl phosphorous Acid . — Four grams of triphenyl- 
methoxyphosphorus dichloride were mixed with 25 c.c. of an 8 per 
cent, solution of potassium hydroxide in alcohol (rather more than 
three mols. of base for one mol. of phosphorous acid chloride), 
and the mixture was heated in a water-bath under reflux fnr 
three-quarters of an hour. The product was mixed with 36 c.c. 
of water and evaporated to dryness in a steam-bath. The solid 
residue was treated with about a litre of water, and the liquid 
was made alkaline by the addition of a small quantity of potassium 
hydroxide. After boiling and again allowing to cool, the liquid 
was filtered from uudissolved matter. On adding hydrochloric 
acid to the clear filtrate, a curdy, white precipitate of tripfanyl- 
methylphosphorous acid formed. 

After standing some hours, the. precipitate was collected, washed 
with water containing a little hydrochloric acid, and dried in a 
vacuum desiccator. The yield was 2*3 grams. The substance 
is somewhat difficultly soluble in most organic solvents. It was 
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rccrystallised from benzene, from which it separates in clusters of 
very small plates. These soften at about 230°, and fuse partly, 
with decomposition, at 237°. Fusion becomes complete at about 
247° (Found : C — 70*00; H — 5’4(J; P — 0*43. C J9 H 17 0 3 P 
requires C = 70*33; H - 5 '30 ; P — 0*57 per cent.). 

Triphenylmethylphosphorous acid dissolves readily in a hot 
solution of sodium hydroxide, and the sodium salt of the acid 
separates as a gelatinous precipitate on cooling the solution. The 
salt is moderately soluble in cold water : no decomposition occurs 
on boiling the aqueous solution even in the presence of excess of 
alkali. 

The University Collkuj:, 

Sm.TitAMPTox. iV'.f/, February I ath , 1923.] 


XCV1L — T cxla-ht mine set nec Sjnctra. Bart //. The 
Effect of Varying Temperature and P texture on 
the. Benzene Spectrum. 

by William Hamilton McVii kkr and .Joseph Kenneth Marsh. 

Jn a previous communication (MeVickcr, Marsh, and Stewart, this 
vul., p. 642), a method was described whereby the vapours of a 
number of compounds of complex structure may be made to emit 
a spectrum under the inllucnee of a high-frequency electric discharge. 
Details concerning the benzene spectrum taken at a pressure of 
(m mm. at room temperature were given showing that it was com- 
posed of more than 5U narrow bands, falling into two series and 
spaced at equal intervals of frequency between AA 2656 and 3127 A.U. 
These bands formed a number of groups each with a strong head 
hand at the short wave-length end, and the main series is calculable 
from the formula 

1 A - HS-712 m - SW*712« 6 

where m - 33, 34, 35 whilst n varies from 6 to 0. 

Beginning at the end of greater wave-length, these were for 
convenience designated by the letters A to F. Groups 0, IX and E 
were strong and clear ; K was not so strong, and one line of a group G 
was visible. The whole spectrum was Mieved to correspond in 
part with the absorption sjHvtrum of benzene vapour, in part with 
the fluorescent spectrum, and to he in part new. 

Varying conditions of temperature and pressure have been found 
to produce some changes in the spectrum. Interest centres more 
particularly in the effect of reducing the pressure to a low figure. 
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Two further series of bands, G and JH , have been observed at a 
pressure of 1*6 nun., and these, moreover, do not conform to the 
type previously recorded. In the first place, they are very much 
feebler. The intensity of the head band of group H was after 
ninety minutes’ exposure no greater than what might have been 
produced in, say, group D by an exposure of a minute or two. 
The new series on the whole were not so sharp and the intensity 
did not fall oft’ so regularly from the head as in previous groups. 
The head bands of groups F, G, and II have wave-lengths 26b7, 
2002, 2541 A.U., respectively, and so are spaced at intervals differing 
in wave number, 1/A, by 1)2 units. Those bands in the G and H 
series which are sharp are seen to correspond with bauds observed 
in the absorption spectrum of benzene vapour by Henri (J. Phy<, 
Radium, 1022, [vi], 3, 181) and to belong to series 11 and IV in his 
groups A, B, and C, for which he gives formulas of the following 
type : 

Series II : 1 A = 3740*4 •{- 1)2* 14» - (15*9p -j - 0*2p) 

Series IN : I/A •— 3742*0 -f- 92*14 ji — HH>p, 

where n and p are small whole numbers. 

Our observations of emission bands are compared with Henri's 
absorption bands in the following table : 



\. 

l.\. 

1/A. 

Henri. 

Band H 

2341 


3933-7 

Bund 0 Series 11 


2 

mi; 

3917-3 

C II 


*2390- 0 

tso2 — o;> 



Band G 

2002 


3$41m 

B 11 


on 

3!> 

34 7 

B IV 


2013 

3827 

3823-4 

B II 


21 

10 

IS- *2 

B IV 


2023 

Mu 

3MJS-9 

B 11 


*2 m »> 

nu m 




*2042 -7 

1779 -S3 





;;o4 



Band K 

2007 

1749 

3749 1 

r> u 



* Brn.nl and 

indi-U iru t . 



The agreement is within mir experimental error of about 1 A. I 
The Fraunhofer effect to which attention was directed in our pre- 
vious paper is here seen to he further exemplified in a striking 
manner. It is noteworthy that the absorption bauds of Henris 
series II extend further into the ultra-violet than his other series- 
right into the region from about AA 2350 to 2150, where benzene 
is again highly transparent. Beyond this is a second set of absorp- 
tion bands, and the question arises as to whether under suitable 
conditions benzene may br able to luminesce or fluoresce in this 



TESLA-LUMINESCENCE SPECTRA. PART II. 


819 


transparent region. The probability is that a very low pressure 
will be found to produce this effect, but we hope to investigate this 
point shortly. 

The spectrum over a range of pressures from 1*G mm. to 22 cm. 
corresponding roughly to M /20,000 to J//7o0 has been investigated. 
At pressures of 22 cm. it was less intense and of poorer definition 
than at G*o cm., whilst further there were signs of decomposition 
and of the carbon spectrum. At 1*0 mm., the bands were sharp, 
but the reduced quantity of benzene in the observation tube 
diminished the intensity noticeably. The effect of high pressure 
is also to curtail the spectrum at the end of short wave-length. 
At 3*5 cm., band (1 was very faint and at 22 era. pressure band F 
had nearly disappeared also. 

The effect of temperature on the spectrum was .studied by com- 
paring spectra taken at lo° and at 150° at constant pressure and 
also at constant volume. It was found that at the higher tem- 
perature the bands were deeidrdly less clear, and the spectrum was 
also shortened at the end of small wave-length. The effect was 
thus very similar to that of high pressure. The differences in the 
spectrum at high temperatures or pressures probably arise from 
the same cause, namely, the increased number of collisions between 
the molecules. 

F X P K K I M E X T A L . 

The general arrangement of the apparatus was similar to that 
previously described. For studying the vapour at high temperatures 
the double iron jacket was tilled with mercury and directly heated. 
For pressures down to cm. a flask containing benzene was attached 
to the inlet tube and a flask corded in a freezing mixture to the outlet. 
A water-pump sufficed to evacuate the apparatus. For the higher 
pressures the flask of benzene required slight heating, and an air 
leak into the water* pump \u< arranged. For pressures below 
3 cm., a Volmer mercury vapour jet pump was used in conjunction 
with the water-pump, and a line adjustment glass stop-cock was 
inserted between the reservoir of benzene and the observation 
tube. The pressure could be regulated by allowing a more or less 
rapid stream of vapour past the stop. rock. The pressures were 
read on a mercury gauge with the aid of a travelling microscope. 
A limit of about ITi mm. was m I in the present work bv the fact 
that although a pressure of 01 min. <>r less could readily he attained, 
vet at low pressures slight traces of air gave ri.-e to a powerful glow 
completely masking the benzene spectrum. 

t rout the foregoing it is seen that the Tesla- luminescence spectrum 
of benzene is characteristic and persists over a large range of experi- 
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mental conditions. Complete disruption of the benzene molecule 
which would be quickly brought about by an ordinary high potential 
discharge is with the high-frequency discharge entirely avoided at 
low pressures. In fact, the high-frequency discharge appears to 
have rather the reverse effect at low pressures, for small quantities 
of an orange-coloured product rather like shellac in appearance 
are found to collect in the observation tube. This is presumably 
a condensation product of benzene. 

The form of the spectrum is very similar to that of some other 
vapours such as sodium or iodine which have been studied by 
R. W. Wood and which show channelled or fine banded structure, 
cither by the absorption or fluorescent method, when studied at 
low pressures and at not too higli temperatures. The spectrum 
is also similar to that of fluorescing benzene vapour (see following 
paper). This correspondence is also found to hold in the case 
of other compounds under investigation at present, so that a 
promising line of attack on the problems of absorption and 
fluorescent spectra is presented. 

The Sir Donald Currie Laboratories, 

Queen’s University, Belfast. Jiccdvid, March \'2th , 1923.] 


XCVIII.--77« Fluorescence Spectrum of Benzene 
Vapour, 

By William Hamilton M< Vk:kkr and Jossm Kenneth Marsh. 

Observations on the fluorescence spectrum of solutions of benzene 
have been made by Stark, Dickson, Henri, and others with differing 
results, as the following table shows, in which the wave-lengths 
of the heads of the several bands are given. 


Stark (1007) 272 2tU> 2s:t 292 

Dickson (1012) 2t»3."i 2<i79 27. '4 2827 2910 

Henri (1922) 2t>59 2702 2700 2847 2917 3U05 


In a recent paper (McVieker, Marsh, and Stewart, this vol., p. 042), 
we gave some particulars of the spectrum of benzene as excited by 
a high-frequency discharge (see also preceding paper). The heads 
of the series of bands which were then recorded seemed in good 
agreement with the positions of the fluorescence bands in alcoholic 
solution recorded bv Dickson if due allowance was made for the 
effect of the solvent in shifting the bauds in the direction of greater 
wave-length. Dickson also records that he was unable to detect 
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any fluorescence from the vapour of benzene, and no other experi- 
menters have recorded any. Nevertheless, in order if possible to 
make a direct comparison of our Tesla- luminescence bands with 
the fluorescent spectrum some experiments were undertaken which 
have been at once successful in showing that benzene vapour is 
capable of fluorescing at a pressure of a few centimetres of mercury. 

Experimental. 

A piece of silica tubing about 10 cm. long and 2 cm. in diameter 
was ground off flat at one end and closed by a quartz plate. At the 
other end, inlet and outlet tubes were inserted through a rubber 
stopper. The inlet tube was attached to a Ha>k containing pure 
benzene and the outlet tube to a flask cooled in ice, and the whole 
apparatus was evacuated by a water-pump. 

The quartz end of the silica tube was placed about 2 cm. in 
front of the slit of the spectrograph. About 4 cm. from the quartz 
plate and to one side of it was set up a spark gap with iron elec- 
trodes. Hound the spark gap was placed an opaque screen in 
which was cut a slit so as to allow a beam of light to fail on the 
silica tube and its contents immediately behind the quartz pJate. 
On starting the water-pump, distillation occurred from the flask 
containing benzene through the silica tube to tin* cooled flask. 
After a time the benzene froze owing to evaporation and the pressure 
fell to 3 cm. of mercury. An exposure of J t h > minutes sufficed to 
produce a thin negative showing, however, more than ‘hi hand*, 
f^icle by side on the same plate the Tesla-Iuniincsecnee spectrum 
of benzene at the same pressure was recorded. In another experi- 
ment the iron spark was replaced by tin* iron are. so that there 
was no possibility of electrical excitation, but tin* spectrum was 
still obtained. 

On comparing the two spectra as produced above, it was apparent 
that they were the same in structure though differing much in 
intensity. The fluorescent spectrum showed bands l-rjnnging to 
all tin* groups 15 to (I, but was very much fainter than the spectrum 
excited electrically with an exposure only oiie-fotinh as Jong. It 
is thus seen that to obtain the same photographic ivsiilt exposures 
many times longer are required by the fluorescent method than 
are necessary with our electrical excitation unless. inde< .1, an 
exceedingly intense light source is used. 

In the following table the fluorescein*'* bands obsei \ud arc ivond' d 
in wave-lengths. They fall into the groups shown with strong 
hands at the end of smaller wave-length, and may be divided into 
two series, for the weaker of which mdv the last two figures of the 

VOL. CXXUI. ’ i y 
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number expressing 
down. 

the wave-length 

ill 

Angstrom units 

are ! 

Group ti. F. 

E. 

D. 

C. 

n. 

2667 

2739 

2815 

2895 

2980 

74 

47 

25 

03 

2995 

2678 

2751 

2828 

2909 


85 

57 

36 

17 


2691 

2765 

2841 

2923 


97 

70 

48 

2937 


2702 

2777 

2855 

2950 


2714 

2657 2729 

2789 

2802 

2867 

2880 

2963 



It is noteworthy that Group F of fluorescence bands corresponds 
in position with a series of absorption bands observed by Hartley 
in benzene vapour (Hartley, Phil. Trans., 1908, 208, fill)). From 
these results we feel satisfied that under all conditions there is 
every reason to expect complete similarity between the Tesla- 
luminescence and the fluorescence of benzene. 

The Sir Donald Currie Laboratories, 

Queen’s University, Belfast. Jiccticcd, March 12M, 1923,] 


XCIX . — 'Studies of Ekclrovalenaj. Part /. The 
Polarity of Double Bond*. 

By Thomas Martin Lowry. 

1 .1 lirtd Double Hands. 

The object of this paper is to suggest that, whilst a single bond 
may be either a cnvaleney or an electrovalency, a double bond in 
organic chemistry usually reacts as if it contained om covuhncy and 

one elect rot alenc if. Acetaldehyde is therefore written as CH^CH - 0 

and ethylene as CH.> — ('ll.,. Bonds of this character are described 
as " mixed double bonds.' Their existence can be justified on 
the basis of the electronic theory <>f valency by assigning a complete 
octet to each negatively charged atom, and a sextet of electrons 
to each positively charged atom (compare G. X l^ewis, d. Aunt'. 
Cbm. Soc.., 191b. 38, 7 7 X Litimcr and Kodcbush, ibid., 19-0, 
42, 1429: Eastman, ibid.. 1922, 44, 43S) Each -sign then 
indicates an excess i >f one planetary electron above the net inielenr 
charge, and each sign a deficit of mir electron. 

2. Trtjth Hands. 

The double bond in oxygen and the triple bond in nitrogen gas 
may be pure Co valencies, since both gases arc very inert, unless 
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activated, for example, by beat or by an electric discharge. 
Acetylene and hydrogen cyanide, however, are active polar com- 
pounds, to which a mixed triple bond may be assigned. Their 
hydrolysis by water is then represented by the equations 

HC=CH + HOH [OR,— CH-OH ] — r CH a — CH— 0 

N-CH f HOH — [NH— C’H'OHJ - XH — CH— 0. 


o. I .maturation and Reactivity. 

Elements linked by electro valencies react more readily than those 
linked by co valencies. The wide difference between the reactivity 
of single and double bonds therefore finds a simple explanation in 
the ready development of electrovalencies in the latter. The contrast 
between acetylene and nitrogen also finds a partial explanation on 
similar lines. 

The reactivity of chlorine and of methyl iodide probably depends 
on the readiness with which a covalency gives place to an electro- 
valency, as in the balanced equations, 


a CI !- Cl and OH,! ^ C H 3 - I, 

where a double-octet is represented as breaking down into an octet 
and a sextet in the dissociation which must precede »>r accompany 
chemical change in these compounds. 

A similar dissociation may be used to account for the electrolytic 
conductivity of triphenylmethyl, 

• OC, 

and for the peculiar properties of von Barycr > “ carbnnium " bond 
{tier., 38. Hob), 


, c 6 h 4 *nh.. r fi Hp.NH 3 ri 

(CeH-br; ' :■ H,U , - (C 6 H.Ur 

fl ‘ ‘ OH 

(ndl o’lilourb ss : 

f am indebted to Dr. Lapwnrth for tin* further suggestion that 
zinc nuthy! ami the (Irignard agent probably owe their sj.MM.ial 

n{ 3 

leactivitv to the fact that thev contain a mrthvl-iou. as in Zn _ 

TH, 


and ilg. 


rn, 

i 


IF 2 
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4. Partial Valencies. 

The theory of partial valencies was introduced by Thiele as a 
means of expressing the subdivision of affinity between atoms. 
There is strong evidence, especially from the X-ray analysis of 
crystals, to show that covalencies are limited to certain directions 
round an atom, and cannot be split up into smaller units, whilst 
elect rovalencics can be subdivided, for example, into six equal 
parts in a crystal of rock-salt. The superposition of an electro- 
valency on a covalency therefore provides a convenient explanation 
of the subdivision of affinity, which Thiele indicated by dotted 
lines in unsaturated groups such as V— 0, C ---Q, or N. These 

may be written as 0 — C, C — O, and C — N, where oxygen and 
nitrogen are usually negative relatively to carbon, and oxygen 
relatively to nitrogen. 

~>. Conjugated Compound 

Crotonaldohyde and butadiene are formulated as 

C Hy (J H — C H — C H — 0 and CH 2 — <'H— CH“CH 2 . 
ft will be seen that under this scheme the distinction heture n singh ■ 
and double bonds in a conjugal* d .'iijstrm disappears completely. There 
is therefore no longer any need to postulate a ** wandering of the 
double bond " when butadiene is brominatod, since the central 
double bond is already in position. 

0 . Polo nty oj ( 'on jugal* d Compound*. 

fa) The theory of mixed double bonds makes all conjugated 
systems polar: hut the alternate polarities do not extend beyond 
the last double bond. The alternate polarities discussed by Tap- 
worth and by Kennaek and Robinson (T., IP22, 121, 4U> and f 27 > 
are therefore confined within tlie limits <»f the conjugated system 
instead of being continued beyond it. Moreover, the promiscuous 
scattering of • and signs on alternate atoms is strictly pro- 
hibited under the now put forward, since a eovaleney must 

be obliterated whenever an elect rnvalcney is introduced ; and on 
every occasion when the sign . - is written, a bond — must !«■ 

deleted in the conventional formula 1 . 

(6) The electronic formula? of Lapwortli and of Kermack and 
Robinson give, when analysed, an execs* or deficit of half an 
electron on the terminal atoms of a conjugated chain, but male’ 
the intermediate atoms neutral. The new formula 1 , on the ntlur 
hand, indicate that, whilst the main polarity and unsaturation :»p-' 
at the ends of the chain, the alternate polarities and uusaturation 
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exist also in the intermediate atoms. They therefore provide a 
simple explanation of the fact that butadiene can be brominated 
in the 1 : 2- as well as in the 1 : 4-position; phenylbutadiene in 
the 3 : 4- and diphenyl butadiene in the 1 : 2-position ; and hexa- 
triene in the 3 : 4 -position. 


7. Crossed Polarities. 

The type of conjugation postulated above differs from that of 
Thiele (d nmilen, 1800, 308, 337) in that it may he destroyed by crossed 


polarities, as in maleic acid, 0 — €(OH) — CH — CH — C(OH) — 0, 
which cannot now be formulated as a conjugated compound. 
These crossed polarities provide a novel explanation of the 
instability of compounds of the maleic acid type, as illustrated by 
(j) tht’ conversion of citraeonie into itaeonic acid by boiling with 
soda, HOCO-t’Me -(.TK’O’OH - 

(ij) the conversion of S 1 - into AMetrahydrophthalic acid (von 
Ikieycr, Annalnt, 258. 1 4.5). (iii) the loss of carbon dioxide 
as well as water in the oxidation of dihydrophthalie acid (von 
Bacyer, H'id., 1802, 269. ITS), (iv) ihe inability of 'Thorpe and his 

colleagues to prepare* ethyiidenemaleie acirl. OH/HIKm ^ ^ 


8. .-} ro tn at ie f (jHij/OHitd', 

(u) .Benzene (I), sodium phenoxide (II). and nitrobenzene (III) 


II 

C 


(I.) 


lit' 

i 

nr 


ill 

(II 


< >Xa 

i 

c 

iiu iiv ‘ V H 

He ell 


O-.N-O 

c 

(ii i. i i*V 

ill’- t'H 


r (’ (' 

!! ii H 


are formulated as conjugated systems. in wluVh alternate polarities 
arc carried round the carbon atoms of the ring and out into the 
side-chains. The six hydrogen atoms are. however, neutral, as 
well as the substituents, since the and charges on the latter 
must balance unle ss they are ionised. 

{l>) In the conjugated formula* set out above, e very - com- 
bination may become a reactive centre. The normal points of 
attack are the elect mvalcneies of the side-chain, from which sub- 
stituents mav swing down into the ring. But tin* elect rovaleneies 
»f Ihe ring mav also be attacked directly, giving rise to niter- 
uu'diale add it in products, either in a I : *2- or in a i ; 4-position, 
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since (as Thiele has pointed out) the latter is the normal behaviour 
of a conjugated compound. 

(e) Braggs boat-shaped formula for benzene (T., 1922, 121, 
2783) is the cns-form of I. In this formula, the oppositely- charged 
atoms 1 and 4 are on the same side of the plane of the four atoms 
2 , 3, 5, 6 , instead of on opposite sides. This representation pro- 
vides a particularly simple explanation of the para-reactions of 
benzene, since the aVformula lends itself to this type of action 
even more readily than the /ra>«-formula. 

(d) The opposite polarities of II and HI correspond with their 
different behaviour on substitution. The laws of substitution can 
he stated best in the form that dcrii'atires with crossed pohritin s- 
are less stable than those in which the polarities arc concordant through- 
out the conjugated system. Similarly’ polarised groups therefore 
tend to occupy a wieta-position relatively to one another, as in 
?«-dinitro benzene and benzene- m -distil phonic acid, or in the 
potassium derivative of resorcinol, 0 6 H 4 {()K) 2 , which can be 
produced by fusing with potash a number of simple derivatives 
of benzene. The halogens, however, behave like amphoteric* 

electrolytes. 01 2 Cl -f 01, and give disubstitution products 
occupying an ortho- or para-position to one another. 

(?) These conditions do not prevent side reactions from taking 
place, which may give rise to compounds with crossed polarities; 
nor do they prevent these from being produced by indirect pro- 
cesses. The influence of crossed ]X)larities can, however, he detected 
in the read}' displacement by an amino-group of a nitro-group 
which is ortho to a second intro-group (Meldola, T., 89. 193s). 

since this replacement renders the crossed polarities concordant. 

(/) Similar formula* can be assigned to naphthalene and anthracene, 
but these differ from the formula for benzene in that the atoms 
which are common to two rings are surrounded by three atoms 
of opposite sign, representing a further subdivision of t hr electro- 
valency into partial valencies. 

(( 7 ) When the ultimate limit has been reached and the aromatic 
compound has become a sheet of pure graphite, the new theory 
provides it with a surface of positively-charged atoms and one of 
negatively-charged atoms. This gives an almost unique structure 
in which the bonds within a sheet or double layer of atoms are all 
co valencies, whilst successive sheets are held together by electro 
valencies. 

9. Carboxylic Acids. 

(a) Whilst the theory of mi xml double bonds introduces an 
element of dissymmetry into conjugated compounds, it introduces 
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a new element of symmetry in the formulae of the ions of carboxylic 
acids, of tautomeric ions, and of co-ordinated compounds, since in 
all these cases the distinction between the single, and doable bonds 
disappears, just as in other cases of conjugation. Thus sodium 
formate, acetate, and oxalate become I, II, and III : 


(I.) CH; _ 'Na 
N 0 


+ /> , * 

(II.) - Na 

O' 


). ,(> x J. A). : 0 — 0 — 0 

(II U Na ('—(V . Na or Xa ... | Na. 

(K i)' '0 — <;— (y 


In compounds of this type the sodium cannot neutralise either of 
the negative charges by forming a co valency, since this implies 
the addition of electrons to an element that already lias as many 
as it can carry. The metal is therefore pictured as occupying a 
co-ordinated position, in which it is disposed symmetrically {com- 
pare ilantzscli, Ber., 1917, 50, 143#) in reference to two negatively- 
charged oxygen atoms. 

(/;) A similar co-ordinated position may he assigned to the mobile 
hydrogen in glutaeonie acid (f) (Thorpe, T., 190.7, 87, ltWO) and 
in ethylidenenialeie ester (11) (doss. Ingold, and Thorpe, this voh, 
p. 3-7). In these eases, however, the kation is placed between two 

— CH — groups instead of between two negatively-charged oxygen 
atoms. 


: 0 . 

C II 

.CH" O 
(I.ICH' 'll 

CM ; O . 

r .. h 

o 


, ()('., H s 

. c, 

.. c < > 

fll.'C’IIa'C A H _ 

c „ o 

tv 

0C,H, 


A study of the models suggests that in the latter compound at 
least the hydrogen-ion may be symmetrically placed in reference 
U) four negatively -charged groups; and this further co-ordination 
may well he a decisive factor in making possible the isolation of 
the ionised form of the ester. 

(r) The symmetrical formula assigned on similar grounds to 
the (,'0.,-ion is in harmony with crystallographic data. The lesser 
symmetry of the ri() 3 -ion finds a natural explanation in the presence 

a complete octet instead of a sextet of L electrons round the 
kortiol of the central atom. 
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10. Tautomeric Ions , Electrotropy and Protolropy. 

(a) In the light of our present knowledge of the structure of 
matter it is possible to distinguish clearly two special cases of the 
general phenomenon of dynamic isomerism, namely : 

(i) Elat rot ropy, or reversible change in elect romers, which differ 
only in the arrangement of the electrons (II. S. Fry, “ Kleetronie 
Conception of Valence,” p. 11). 

(ii) Protolropy , or the reversible change of protomers, which 
differ from one another in the position of a proton or hydrogen 
nucleus. 

The general ease, in which the isumerides may differ in the 
relative position of radicles other than hydrogen, is classified most 
conveniently according as the isomeric change is obviously reversible 
or aUchtropic (Knorr, Anmihn. 1S99. 306, 332). or is so nearly 
complete that reversal can only be detected by indirect met lmds, 
for example, bv the preparation of derivatives of a labile form, 
as in the ease of c -Latin. nr by means uf actions such as the hromin- 
ation of acetone or the raeeinUation of carboxylic acids, in which 
the existence of a labile enolic form can be postulated as an inter- 
mediate product. This case lias been described as pseudomcriati 
(von llaeyer. Pur., 1883, 16, 21SK) or as me rot ropy (Michael, Annalm. 
1908. 363. 20 i. the latter term being defined by the characteristic 
“ that a body of stable constitution goes over into the derivative 
of an isomer.” 

ib) The theory of mixed double bonds throws a new light on the.M 
phenomena, >inee it assign* identical formula* to the tautomeric 
ions of isodynainie compounds. An examination of a series of 
typical formula* shows that a tnutono rir hw i.< urn that ran l>< >/r,7h 
n) tiro difjt n uf o(ty.< ffu or, l*ro at nludt a fiyilro’jin 

Hitch a* of a radicle can be ottadad. 'The two form-' of the ion are 
tautomeric, in the sense of Liar s original definition, since ih< v 
are "not isomeric but identical”; but they yield protomi-ri*' 
hydrides, and isomeric derivatives with radicles -ueh as ncile. I 

and ethyl. Thus, tie* tautomeric ion. -~S f‘ N or S ( ’ N x 

of thioeyauie acid can now he represented by a single fonmila. 
from whi' h two protomeiie acids and two Lonmrie ethyl derivative 
may be derived, as in the '•eheme 

-lis-c x - cji.-s-c - N 

s -r ■ \ 

^ -*■ S — ( * Xir - S*C X*(.V1I 5 

III this ease, the two forms of the arid have not been isolated, hut 
the isomeric ester, an* well known 
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(c) In the same way, the two forms of ethyl acetoaeetate, 


/CO‘GH 3 

^NjOOGjHj 


ch ^C(OH)*CH 3 
NX>OC 2 H. ’ 


may be derived from a common ion, as in the following scheme : 


/ C(0H > )‘O - .CfCHJ-O, 4 - .. X(CH,)-OH 

CIL( -v - < 4) OHC 4. - ‘ Xa — ^ GIF 11 _ 

x C(OEt)-0 "C(OEt)-<> v C(0Et)-0 

1 * 5 ) 

(II.) lu-toiu*. (I.) Ion. (III.) Knot. 

The tautomeric ion (I) has three negatively-charged atoms to which 
a hydrogen nucleus may be attracted, but it is usually assumed 
to settle down in the position (2) or (4). It therefore gives two 
protomeric hydrides, namely, an enol (III), in which the con- 
jugated system is maintained almost intact (Thiele, Annahn, 1899, 
308, 337), and a ketone (II), in which it is broken up into two 
separate double bonds. 

{(/) Whilst tautomeric ions are usually bipolar anions, precisely 
similar phenomena may occur in bipolar katioiw. as in the thio- 
cyanines (Mills and Braunholtz, T., 1922, 121, 149ug where a mobile 
iodine atom is attracted by two positively charged nitrogens, as 
in the. formula 

H II 11 

C\ .S, AX S. c 

/ -- \ / \/ T \ / ■ - \ 

CHy(> n* y- -y i -yll 

11(1: C X+ X C- "CTI 


Both nitrogen atoms are quaternary ions. which (like a metal) 
art* unable to accept additional electrons. The iodine is therefore 
unable to form a covalent bond with either atom, and appears to 
settle down in a symmetrical position between them (Compare 
sodium acetate). It will be >- ■ n that, in this method of repre- 
sentation. the central ring-system eorresjKUids very clo-ely with 
that of benzene or pyridine, from which it di tiers mainly in that 
two of tin* eovalcncics are Mippre>scd and the n-diiie is held in 
place by elect rovaleneies only. In this respect it may he com- 
pared with Morgan s formula for the aeetvlacetonute- s i.. 1914, 
105, 193). 

11 . Co-onii nation. 

( f 0 1 he theory of mixed double bonds ha- reVraled an une \pn ted 
relationship between tautonierism and co-ordination. -mt - it appear.- 
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that tautomeric ions in general should tend to form co-ordinated 
complexes. Thus iron, in its co-ordinated compounds, usually 
acquires possession of six instead of three radicles, as in the ferri- 
oxalates. In the case of a tautomeric ion, the metal adheres to 
both of the alternative points of attachment, and so gives rise 
with special ease to co-ordination. The use of ferric chloride as 
a reagent for detecting enols therefore appears as a test for bipolar 
or tautomeric ions by the production of a co-ordinated complex ; 
for example, the red colour of ferric acetate and of ferric thiocyanate 
can be attributed to co-ordinated complexes of the type 


. L ,0 X , , + 

CH 3 -C v / _ ;JFe and C<” .. £Fe 
H) \ 8 ' 


(6) The conventional formula (!) for the acetylacetone complex 
makes a distinction between (i) a double and a single bond between 
carbon atoms, (ii) an alcoholic and ketonic oxygen, (iii) a principal 
and a supplementary valency. When polar double bonds are 
used, the tautomeric ion becomes completely symmetrical as in 11, 
and the co-ordination complex may be compared with the closely 
analogous oxalates 


CH 3 , 

s c-o 

ch 3 

r— o 

eH, 

T— 0, 

(M IIC S 

u 

an ho 

t ' Li 

(ill.) He Li 

CH,' 

;C=0 

cu, 

0 — O' 



Formula 11 may be compand with the symmetrical formula ill 
put forward by Morgan ('1'., 11M4, 105, 103), who compares 
formula I with Kekule’x formula for benzene, and suggests that 
the two alternative forms may oscillate through the centric 
phase 111. This analogy with benzene is confirmed in the new 
formula; now under discussion. Thus the action of hydrogen 
chloride and of methyl iodide on ethyl sodioacetoaeclate can he 
formulated as involving the formation of 1 : 2- and 1 : 4-addition 
compounds followed by the removal of sodium chloride or sodium 
iodide : 


c 2 h 5 o-c -ycH,— V CH 3 

O- OH 0- O 

XaCl \ . / 

Na 


If OH, 
Ha 

o -o 

Na I 
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Summary. 

(a) The introduction of clectrovalencies into organic chemistry 
provides a uniform interpretation of (i) unsaturation, (ii) reactivity, 
especially in compounds such as zinc methyl and the Grignard 
agent, (iii) partial valencies, (iv) conjugation, (v) alternate polarities, 
(vi) crossed polarities in conjugated compounds, (vii) the structure 
of benzene, (viii) the laws of substitution in benzene, (ix) crossed 
polarities in benzene, (x) the structure of naphthalene, anthracene, 
etc., (xi) the crystal structure of graphite, (xii) the structure of 
carboxylic acids, (xiii) the structure of the glutaconic acids, (xiv) 
tautomeric or bipolar ions, (xvj co-ordination, (xvi) the relation 
between tautomerism and co-ordination. 

[h) Various symbols have been used from time to time by organic 
chemists in the attempt to represent electro valencies, for example, 
the zigzag single and double bonds of von Baeyer, the dotted lines 
and parentheses of Thiele, the brackets of Hantzsch, the principal 
and supplementary valencies of Werner, the centric bonds of Arm- 
strong and von Baeyer, and the para -bond of Dewar s formula for 
benzene. All these can now be replaced by the — sign which is 
us('d universally to represent electro valency in compounds such as 
sodium chloride. 

Tin; ('hkmical Laboratory, 

The I'.vivjirsjtv, Cambkiboe. [JUcnvnl, March lUh, 1923. J 


— Tht Action of Methyl ISulphalt on Diph* nylaminc 
and on Methyldiphniylamint . 

By Charles Stanley (Jibson and IM olky Cloktk Vimm;, 

In connexion with another investigation we required some quantity 
of mi-thvldiphenvlaminc and ethyidiphenylamine and consequently 
we have been led to study somewhat closely the action of methyl 
^ilphate and, to a less extent, ethyl sulphate, on diphonylamine. 
nimann. who after t’iaesson and Lund vail (bYr., ISSO, 13, 1700) 
developed the use of methyl sulphate as a methylating agent. 
Audit'd its action on diphenylamine and described the preparation 
"f inethyldiphenylamine {Aniuibn. 11*03, 327, 104). On carefully 
n peatin '2 rilmaniTs work, we have not been able to obtain the high 
yield (7!i per cent.) of the tertiary base, and we have found that a 
MUiitcmary compound and a monosulphnnie acid of met hy Idiphrn yl - 
omin** appear to be normal products of the reaction carried out 
midcr the conditions described by him. The sodium .sill of 
HH’thylclip]K>nylanHnestiIphonie acid we have proved to be 
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identical with the sodium salt isolated from the product, which 
is a mixture, of the action of concentrated sulphuric acid on methyl- 
diphenylamine as described by Cloez (Compt. rend., 1807, 124, 
900; Eriedlander, 1893, III, 109, 1001; D. R.-P., 73120, 73178). 
Xo reference to the sulphonating action of methyl sulphate has 
appeared in the literature, and this is all the more remarkable 
since the same mcthyldiphcnylamincsulphonic acid is also produced 
in considerable quantity when methyl sulphate is heated with 
methyldiphenylamine at 140 — 150° under the conditions described 
by Gadomska and Decker {Her., 1903, 36, 2487), who only isolated 
derivatives (namely, the iodide and picrate) of dimethyldiphcnyb 
ammonium hydroxide from this reaction. Even when the same 
substances are heated in benzene solution on the water- bath the 
same sulphonic acid is produced along with the quaternary 
compound. 

Methyl sulphate reacts very slowly with diphenylamiue at the 
ordinary temperature. After forty-eight hours, 99 4 per cent, of 
the original diphenylamine was recovered unchanged as hydro- 
chloride. After live weeks, some hydrogen melliosulphale of 
diphenylamine had crystallised out and 22*9 per cent, of the original 
diphenvlamine had been converted into mcthvldiphenvlamine. 
This is at variance with Werner's explanation of the reaction 
between ary la mines and methyl sulphate (T., 1914, 105, 2784) and 
is in agreement with the conclusions of l ilmann, which were con- 
firmed by Shepard (./. Ani<r. Chan. Son., 1916, 38, 2507). Since we 
have found that a quaternary compound and mctliylriiphcnylamine- 
sulphonie acid are always products of the reaction between dipltenyl- 
amine and methyl sulphate at the water-bath temperature and that 
the same sulphonic acid accompanies the formation of the quaternary 
compound produced by heating together methyldiphenylamine and 
methyl sulphate, we believe that tin* mothyldiphonylaniinesulpliomc 
acid is a normal product of the reaction. In the light <4 our experi- 
mental results, we suggest that the reactions taking place im- 
probably : 

XH(C\TE), : (CHsbSDj - l< ’H 3 ’NU • HSOpCU,! - 

(Cil 3 ) 2 N'(C,;il.-,V su il! 

: cii 3 -oii 

: (OljuU 

CH s -X(C ( Hji. ; (CHjWSO, • ' ' 

" - (CHj).X(C e llj) a -.S0 4 <*Hj 

Methyldiphenylamine can be produced conveniently and in good 
yield at the w r atcr-bath temperature by the action of methyl sulphate 
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on diphenylamine in the presence of a suitable alkali, that is, under 
conditions which minimise the possibility of any sulphonation of 
methyldiphenylamine taking place. We have also shown that 
the production of sodium methyldiphenylaminesulphonate by the 
action of methyl sulphate on diphenylamine or on methyldiphenyl- 
amine is to be preferred above the sulphonation of methyldiphenyl- 
amine by means of concentrated sulphuric acid. 

The aniline salt is the only derivative of methyldiphenylamine- 
sulphonic acid so far described which has a definite melting point 
(179— 1 SO ) and, after melting, the product solidifies at a definite 
temperature (193 — 190 c ).* The solid product resulting in quantit- 
ative yield is sulpha nilie acid, and methyldiphenylamine is formed 
at the same time. An investigation of tin* decomposition by heat 
of the aniline salts of other sulphonic- acids is in progress in order 
to determine whether this mode of decomposition is unique. 

Incidentally, we have examined the properties of methyldiphenyl- 
amine and wc describe a convenient method for the preparation 
of (liphenyldimethylammonium iodide. 

We have obtained no definite indication of the formation of a 
sulphonic acid of cthyldiphcnylaminc. We have prepared ethyl- 
(liphcnylamine by the action of ethyl sulphate on diphenylamine, 
according to rilmann's method, and observed t he* formation of 
ether during the reaction. 

We are continuing the investigation of methyJdiphcnyJamine- 
sulphonic acid with a view to its definite orientation and the 
examination of its more inqiortant derivatives. 

K X P K H I M K N T A ]. . 

The lb act ion b*tn‘nn M < th y/ Sulpha ft ami l)iph n'jlamtnc, ami the 
l*rt jxt ration mol Prop* r/e < >>j M i thybli pb nybtnuuf. 

For the investigation of the rva- tion at the ordinary temperature, 
Hi -9 grams (1 tnnl.Jof diphenylamine. l:Hfi grams (1 mo!.) of methyl 
suljiliattv and J.'O e.e. of [Hire toluene Wi re mixed together, when 
no rise in temperature was noticed. After standing for forty-eight 
hours, then- was no sign of crystallisation, The solution was then 
divided into two equal portions. tooling iti iee, one half was 
carefully treated with a slight oxer— of sodium hydroxide solution, 
and the washed toluene layer shaken with an c\» e^s of concentrated 

* In this coniiexitin, it is worthy or n rord 1 li.it A. i*» rkm and S-m<] 1 
(h Sic. Chin i, h»Jd. 4‘h L'Tj ) haw o.«nih moriloi th-' ioiru oi iki* 

i>i thi* \i>,- <u* mjlamim- e'S| " ■ wlK imshn- j salts t\i: tin- eh uiim j:.u:i and 
I'tu ili< atiuii nt iiritl t raijiimein sulphoiiu a. :ds. 

T I he iin -t|i j I su]|>hat<< ii.snl thrmigin'iit thr work was wry ran fully 
purified. Jt was neutral in reaction ami had a IhuIihc n»>int of 75 - 
o°/12 mm. 
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hydrochloric acid. The white, crystalline material which separated 
weighed, after drying, 102 grams; it melted at 179 — 181° with 
decomposition and was identical in all respects with a specially 
prepared specimen of diphenylamine hydrochloride. The amount 
of diphenylamine hydrochloride recovered showed that 99 4 per 
cent, of the original diphenylamine was unchanged. The other 
half of the toluene solution, after standing for five weeks, had 
deposited a quant it) 7 of colourless plates which were somewhat 
hygroscopic and melted with slight decomposition at 123 — 127°. 
The substance was sparingly soluble in water, and its cold hydro- 
chloric acid solution gave no precipitate with a solution of barium 
chloride, but on boiling barium sulphate was gradually precipi- 
tated. On treatment with an excess of aqueous caustic soda, tilt* 
crystals yielded an oil which, from its benzene solution, was con- 
verted into diphenylamine hydrochloride (m. p. 179° with decoin- 
posit ion). The amount of diphenylamine hydrochloride obtained 
represented 23’7 per cent, of the base originally taken, and the 
crystals which separated from the toluene solution were evidently 
the hydrogen methosuiphate of diphenylamine. The mother- 
liquor from the crystals of the hydrogen methosuiphate was can*, 
fully mixed with an excess of aqueous caustic soda and the toluene 
solution mixed with concentrated hydrochloric acid. Diphenyl, 
amine hydrochloride separated and the lilt rate from this, when 
treated in the usual manner, gave methvldiphenylamim* {b. p, 2tHi 
292^). The amount of methvldipheiiyiamine obtained corresponded 
to 23 |kt cent, of the original diphenylamine taken, whilst 72 }>< r 
cent, was recovered as diphenylamine hydrochloride. 

After the preliminary ex{K*rimeuts, in which the conditions 
described by Ullmann (loc. cit .) were adhered to us far as possible, 
had indicated (1) that the yield of methyldiphenylamiue obtained 
was much less than that obtained by rilmann, (2) that the alkaline 
liquid contained a considerable quantity of a sodium salt of a 
monosul phonic acid of uiothyUlipheuvIaniiiic, and (3) that from the 
alkaline liquid a heavy oil separated from which derivatives of 
diphenyldimethylammonium hydroxide were readily obtained, it 
was found that the reaction could he carried out either in the 
presence or absence of benzene, and that the reacting quantities of 
diphenylamine and inethyl sulphate, and the time of heating, could 
be varied considerably without greatly affecting the results. In all 
eases, the reaction was accompanied by the formation of a volatile 
substance, probably a mixture of methyl alcohol and dimethyl 
ether, which usually escajx‘d condensation. The following is a 
description of one of many experiments. 

33*8 Grains (1 mol.) of diphenylamine, 37*8 grams (1*5 mok) 
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of methyl sulphate, and 75 e.c. of pure benzene were heated on a 
water-bath under a reflux condenser for three hours, and the benzene 
was then separated by steam distillation. After cooling, a slight 
excess of sodium hydroxide solution was added, when the crude 
base separated as an oil on the surface and a quantity of a somewhat 
viscous oil separated at the bottom of the alkaline solution. The 
whole mixture was further diluted with water and boiled vigorously 
for about thirty minutes, when the heavy oil (p. 834) no longer 
separated as a definite layer. The cold alkaline solution deposited 
colourless crystals, the sodium salt of methyldiphenylaminesulphonie 
acid (p. 830), and to facilitate the separation of the base the alkaline 
solution was kept at about 50 during the extraction with benzene. 
The washed benzene solution was shaken and then allowed to stand 
for some hours with concentrated hydrochloric acid, and the 
diphenylainine hydrochloride which separated was filtered off and 
dried (weight 01 grams). Methyldiphenylainine was isolated 
from the hydrochloric acid solution of its hydrochloride in the usual 
manner and finally distilled under ordinary pressure: the fraction 
boiling at -01 202' and collected Ik* tween 21#) and 21)5' weighed 
IS* I grains. It was found to be almost pure methyldiphenylamine 
and eorrcsjxjnded to a yield of 40*5 }x*r cent of the theoretical. 
This is the highest yield of the base we have obtained under the 
conditions described by lUmann. whereas he stated that he obtained 
ii yield of 71) jmt cent, of tin* theoretical and did not describe either 
the formation of a methyldijihenvlaniinesulphonie acid or of a 
heavy oil, which is chiefly diphenyldimethylammonium hydroxide. 
The amount of sodium methyldiphenylaniinesulphonatr obtained in 
the exjXTiment described was 0*4 grams. 

As far as the preparation of methyldiphenylamine itself is con- 
cerned, it seemed clear that the conditions should be such as to 
minimise any sulphoiialion or formation of a quaternary compound. 
The following is a description of a typical preparation of the tertiary 
base. 

A mixture of 33*8 grams (i mol.) of diphenylaimne and 37*8 grains 
(1*5 mols.) was heated for alxmt ten minutes in a water- bath, when 
the formation of dimethyl ether was noticed. A solution of 35 
grams of anhydrous sodium earlxumte in 200 e.c. of water at a 
temperature of 50 was then run into the mechanically stirred 
mixture during three hours. The mixture was extracted with 
benzene and the washed henzme solution shaken and then allowed 
to stand with 50 o.e. of concentrated hydrochloric acid. The 
fiiphcnvlamiue hydrochloride was filtered otf and dried. It weighed 
‘0 grams. The filtrate from this was made alkaline, when the 
liberated base dissolved in the benzem* layer. The benzene solu* 
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tion after washing and drying was distilled. The tertiary base 
distilled almost entirely at 291 — 292°, and the distillate, almost 
pure mcthyldiphenylamine, weighed 25*5 grams. Allowing for the 
unchanged diphenylamine recovered as hydrochloride, the actual 
yield of methyldiphenvlamine obtained was 79*4 per cent, of the 
theoretical quantity. 

Some uncertainty exists as to the boiling point of methyldiphenyl- 
amine. We have found the boiling point of the pure base to be 
291 — 292' under atmospheric pressure and 145 — 145*5°/ 10 nun. 
The pure base is a pale yellow oil which gradually acquires a faintly 
red colour on exposure to air. It was identified by conversion into 
its ehloroplatinate, which separated in lustrous, golden-yellow, 
prismatic needles on mixing alcoholic solutions, containing hydro- 
chloric acid, of the base and platinie chloride (Found : Vt - 25*14. 
Calc., Pt = 25*15 per cent.). The compound melted and decom- 
posed at 207 —209 w . 

Salt* of Mdhyhliph( nyfom hie s\i\ phonic Acid. 

Sodium Salt . — It has been remarked that in working up the 
reaction product of methyl sulphate and diphenylamine according 
to Ullmann's method an appreciable quantity of a sodium salt of 
methyldiphenvlaminesulphonie acid was always obtained. It was 
found to be almost pure, and later was shown to be identical with 
the sodium salt of methyldiphenylamiuemonosulphonic acid pre- 
pared by Oloez (lor. r/7.), who, however, did not obtain it pure. 

The salt is readily soluble in water and sparingly soluble in a 
dilute solution of sodium hydroxide. It is insoluble in pure ethyl 
alcohol and crystallises from water in beautiful, colourless, 
glistening plates containing two molecules of water of crystallisation 
(Found : IL,<) - 11*7. 12 (_> 3 XSXa, 2 H 2 (> requires 1LO IT- 

percent. Pound: S^-ll*3: Xa— 8*02. CjjUjoO^NSNa requins 
S = 11*22: Xa 8*07 per cent.). 

&ih:< r Salt, -'fliis was obtained in 

small colourless plates on mixing eoid aqueous s<ilutkms ef 
the pure sodium salt and pure silver nitrate (Found : Ag -- 29*u. 
Ci 3 H 12 0 3 XSAg requires Ag - - 2‘.Hn per cent.). 

The barium salt, [( , UyX(( , l .H-)*< is very sparingly 
soluble in c<>ld water and separates in beautiful, glistening plates 
on mixing boilimr aqiieou- solutions of the pure sodium salt and 
pure barium chloride (Found : Ha 20*3. < 

Ka - 2o*7l> per cent.). 

The magwxiim salt, [CH 3 *X(0 fi U 3 ) , r 6 ll l , SO 3 | 2 Mg.fiH. i ,(b lun* a 
much greater solubility in water than tin* barium salt and is very 
similar in appearance. It wa- prepared in a similar manner, using 
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magnesium sulphate (Found : H 2 0 =16*9. ^26 H 2 |O r) N 2 8 2 Mg,6H 2 0 
requires H 2 0 = 16*5 per cent. Found : Mg — 4*03. C 2<i H 34 0 G N 2k S 2 Mg 
requires Mg — 4*43 per cent.). 

The free acid prepared from the pure barium salt by treatment 
with the calculated quantity of sulphuric acid did not crystallise 
on being left in a vacuum desiccator for some weeks. After unsuc- 
cessful attempts to prepare the acid chloride and definite nitration 
products, it was converted into the aniline salt. 

Aniline Salt, CH. J *X{ 0 6 H-) , 0 6 H 4 »S 0 3 XH 3 , 0 e Hr. — This was pre- 
pared by carefully mixing the free acid with a slight excess of pure 
aniline. The salt may be recrystallised from alcohol, in which it is 
readily soluble, but it is best separated from any aniline sulphate, 
the presence of which may be due to a little fret* sulphuric acid in 
the crude methyldiphenylaminesulphonic acid, by recrystallisation 
from moist benzene. From this solvent the salt separates in fine, 
colourless needles which rapidly effloresce in air. The salt may be 
further purified by recrystallisation from boiling water and dried 
at the ordinary temperature (Found : (' - 6-1*3: H — o’TO. 
( , I() lf> 0 O 3 X 2 S requires (.' • 04*00: 11 AM per cent.). 

On heating in a melting-point tub'*, the aniline salt melts sharply 
at ] 70- 180° (uneorr.), and oil further heating the product in the 
tube resolidifies at 19o — 190 . This is the only derivative of the 
ueid so far described which ha< a delinite melting point and is 
therefore convenient for the identification of the acid. 

For the investigation of tin* action of heat. 4‘3 grams of the pure 
aniline silt wore heated in a gentle stream of dry carbon dioxide. 
The temperature of the heating bath was gradually rain'd to and 
finally maintained at -In 2I.V for one hour. Drops of an oily 
liquid appeared on the sides of the tube after the contents had 
melted and solidified. After washing and drying, the solid product 
weighed 2*1 o grams. It was recrystaliised from water and obtained 
in colourless, tabular crystals which contained water of crystallis- 
ation. The substance bad the physical and chemical properties 
of sulphanilir acid, and its identity \va< finally fully established by 
the analysis of the pure anhydrous matt-rial (Found : C 41**2, 
41*4; H 41 , 41. t’ale./r 4K>V H r 4 nS per cent ). 
iSulphanilie ueid was also produced when tile aniline salt was boiled 
with an excess of aniline. The benzene washings from the -uilph- 
aiiilir acid, on evaporat ion. gave a liquid residue, somewhat blue in 
colour, which was basic ami had the characteristie odour of methyl- 
'liphmylamine. This was converted into the ehWoplntinato 
(hmnd : Ft 24 4. Tale., Ft 2,V]."> per cent.). Although the 
Jsfdt was apparently not quite pure, it is evident that the oil 
horn which it was produced was chiefly methyldiphenylamine. 
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According to the equation CH 3 *N{C 6 H 5 )*C 6 H 4 -S0 3 NH 3 *C 6 H rj — 
NH 2 *C 6 H 4 *S0 3 H -}* CH 3 *N(0 6 H 5 ) 2 , 2*09 grams of anhydrous suiph- 
anilic acid should be obtained from 4*3 grams of the aniline salt, 
whereas 2*15 grams was the weight of the crude dry material actually 
obtained. 

When 31 grams of methyldiphenylainine were heated with 17 
grams of concentrated sulphuric acid under the conditions described 
by Cloez (Joe. cit.). 11 *9 grams of unchanged base were recovered 
and 12 grams of a crude sodium methyldiphenylaminesulphonato 
obtained. This crude salt shows a marked tendency to become blue 
and is evidently a somewhat complex mixture. On careful crystal- 
lisation. only b grams of pure sodium nu'thyldiphenvlaminesulphon- 
ate, identical with the salt already described, were obtained (Found : 
H 2 0 ~ 11*.). ( ‘j.,Hj20 3 XSXa,2H ; »() requires H 2 0 --*■ !l*2 per cent. 
Found : Xu - 7*9. I’^H^OjNSXa requires Xa 8*07 per cent.). 
The identity of the salt was finally established by conversion into 
the barium salt, free acid, and finally into the aniline salt, which 
melted at 179 ISO’ and the molten product resolidified at 19.7 
19G\ A mixture with the aniline salt previously described showed 
no difference in behaviour. 

The best way of preparing sodium inethvldiphenvluminr- 
sulphonate is by the action of methyl sulphate on niethvldiphenvl- 
amine, which reaction, according to (kulomska and Decker (kn\ cit.). 
only gives rise to a salt of diphenyldimethylammonium hydroxide. 
The following is a description of a typical preparation. 

A mixture of 39*2 grams (l mol.) of muthyldiphenylamine and 
27 grains (1 mol.) of methyl sulphate was heated on tin* water- bath 
for twelve hours, dimethyl ether being produced during the react inn. 
The product was boiled with an aqueous solution of sodium hydroxide 
for two hours and then extracted with benzene at about do*. After 
drying, the benzene extract was distilled and gave 12*9 grams of 
methyldiphenylainine, b. p. 290 29d . Sodium methyldiphcitvl- 

aminesulphonate separated in the characteristic manner from the 
aqueous .alkaline solution. It weighed 22 S grains, corresponding 
to a yield of .7.V7 per cent., calculated on the amount of base used 
up in the reaction, and after one recrvstallisathm from 9opcr cent, 
alcohol it was found to be pure. It was dried at 110' (Found: 
Xa “ 7*8. Talc.. Xa S(i7 per cent.). By conversion into the 
aniline salt it was shown to be identical with the sodium salt already 
described. 


Salts of l > >]>h* u >)hl i nu t ft ijla won i a m //ydmn7/#\ 

The formation of a heavy oil on working up the product of th<* 
methvlation of diphenylamin* under the conditions described by 
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Ullmann has already been referred to (p. 834), For the preparation 
of a sufficient quantity for investigation, 33*8 grams (I mol.) of 
diplienylamine, 37*8 grams (1*5 mob.) of methyl sulphate, and 50 c.c. 
of benzene were heated for six hours on the water-bath. The 
product was then mixed in the cold with a slight excess of sodium 
hydroxide solution and the heavy oil which separated at the bottom 
of the solution was removed. Sodium inethyldiphenylamine- 
sulphonate crystallised as usual from the alkaline* solution and 
methyldiphenyiaraine and unchanged diphenylamine were separated 
from the benzene layer. The oil is readily soluble in water and 
separates again from its aqueous solution on addition of alkali. 
The oil is also soluble in alcohol and from the alcoholic solution 
sodium mcthyldipheiiylaminesulphoiiato (identilied by analysis] 
separated, showing that the latter compound is soluble in the oil. 
That the oil consisted chiefly of diplienyldimethylammoniiim 
hydroxide was shown hv the preparation from it of the ehloro- 
platinate, iodide, and pic-rate. 

Diphen yidit/K'tlt yla/fimo/i Iu hi chloropfoiuwtf , 

which has not been previously described, was obtained as a golden* 
yellow precipitate from the oil iu the usual manner. It decom- 
poses at 180 18- (Found: Ft -37. requires 

Ft - -4 3 per cent.). 

The iodide of the same base was prepared by the addition of 
concentrated aqueous liydriodie acid to the alcoholic solution of 
the oil. Its separation in colourless needles was facilitate! bv the 
addition of ether. The salt was reervstallised from alcohol, and by 
its melting point (193 -1(4 ) and analysis (Found ; 1 39 3. 

Calc., I 39*05 per cent.) was proved to he identical with the 
compound prepared by (ladomska and )>ccker by the action of 
potassium iodide on tin* corresponding methnsulphatc. 'Hie jiicrate. 
prepared from tin* alcoholic solution of tlu* oil in the usual manner, 
separated in beautiful yellow plates melting at lf>7 1 1 is . 

The following experiment illustrates the most convenient method 
for the preparation of diphenvldinwthylammoimini iodide. 24*4 
(Iranis (1 mol.) of methyldipheuylamine, lies crams (t mol.) of 
methyl sulphate, uml 3u e.e. of benzene were healed for twelve 
hours on the watcr-hath. The reaction product was shaken with a 
saturated aqueous solution of 28 grams of potassium iodide. The 
colourless crystals which separated were tillered oil and after drying 
weighed 12 2 grams, that is, 281 per emit, of the theoretical quantity. 
I h (, y were reervstallised from alcohol and had a melting point of 
1 G(i -1 OS , and were therefore diphenyldimethvlamuiouium iodide. 
Die filtrate from the iodide was made alkaline with a slight excess 
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of a solution of sodium hydroxide, steam -distilled to remove the 
benzene, and then boiled for thirty minutes. From the alkaline 
solution, 4‘S grams of methyldiphenylamine (19*7 per cent, of the 
theoretical quantity) were recovered by extraction with benzene, 
and 1 3*2 grams of sodium methyldiphenylaminesulphonate (34*7 
per cent, of the theoretical quantity) were filtered olf. The latter 
compound was recrystallised from 90 per cent, alcohol and proved 
to be identical with the sodium salt described above. When the 
product of the reaction is worked up in the reverse order, that is, 
by treatment first with sodium hydroxide and then with potassium 
iodide, a larger quantity, amounting on the average to 4<V9 per cent, 
of the theoretical quantity, of methyldiphenylamine is recovered, 
whilst the iodide tends to be contaminated with the sodium salt 
of methyldiphenylaminesulphonic acid. The larger amount of 
methyldiphenylamine obtained in this ease shows that the quaternary 
hydroxide is to some extent decomposed by boiling the alkaline 
solution. 

The same quantities of methyldiphenylamine and methyl sulphate 
were heated at 140 — I50 r for two hours, that is, under the conditions 
described hv Gadomska and Decker (/or. n/.}. At 130 — 13.V, a 
very vigorous reaction, which very quickly subsided, set in and 
volatile products (probably dimethyl ether and methyl alcohol) were 
evolved. The reaction product was worked up in a manner similar 
to that described above ; 1 1 *8 grams of diphenyldimethj'lammonium 
iodide (in. p. 1(50 — 108 ), that is, 27*2 per cent, of the theoretical 
quantity, 1 2*0 grams of sodium metlivldiphenvlamincsulphonate 
(310 per cent, of the theoretical quantity), and only a small amount 
of unchanged methyldiphenylamine were obtained. 

Action of Ethyl Sulphate on J)ipfnnylnniinr, Eih ybli phcnylam i nc. 

The ethyl sulphate used was neutral in reaction and boiled at 
89 — 92 3 /12 mm. The reaction was carried out under the same 
conditions as for the preparation of methyldiphenylamine (p. h34) 
except that the time of heating was twenty hours. During the 
reaction diethyl ether was detected in the flask, and the mixture 
finally became green and highly viscous, The product was worked 
up in the usual manner. No very definite indication of the form- 
ation of a sulphonie acid of rthyldiphenvlainino was obtained. 
From 33*8 grams (1 mul.jof diphenvDmineund tti'2 grains (Do mols.) 
of ethyl sulphate, DV4 grams (39'H per cent, calculated cm the 
diphenylamine taken) <4 cthvMiplmnylainine and 29 grams ot 
diphcnylamine hydrochloride wen* obtained. When the time of 
heating was twelve hours, a yield of 3 .Vo per cent, of ethyUli phenyl- 
amine was obtained. 
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The crude ethyldiphenylamine boiled at 29 2 — 29f>°. As some 
uncertainty exists with regard to the boiling point of ethyl diphenyl* 
amine, the product was carefully purified by distillation. The pure 
base, which is an almost colourless oil, has a boiling point of 1495 — 
150°/10 mm. It was identified by conversion in the usual manner 
into its chloroplatinate, which does not appear to have been previ- 
ously described. This compound was obtained in golden-yellow 
prisms, m. p. 166 — 169° with decomposition (Found : Pt ~ 23*9. 
C 28 H M N 2 Cl 6 Pt requires Pt -- 24 27 per cent.). 

We desire to express our thanks to Mr. F. B. Windle for his help 
in connexion with the analytical portion of this work. 

Guy’s Hospital Medical School, 

University of London. ' Received, February !.>•/, 1 023 . j 


CL — The Properties of Ammonium Xi irate . Part V . 
The Reciprocal Salt-pair > Ammonium Xitrate and 
Potassium Chloride. 

By Fduak Philip Permax and Horace Leonard Launders. 

Tins system is similar in many respects to that of ammonium 
nitrate and sodium chloride, dealt with in Part IV, The chief 
difference i* that in this ease the two nitrates are isomorphous 
whereas there is no isomorphism between sodium and ammonium 
nitrates. 

The method employed was the same as described in Part III 
(T., 1922, 121, 963) with tlx* exception that a sharper reading of 
the crystallising point was obtained by placing a metal filament 
electric lamp behind the tube containing the fu>ed salt. When 
crystallisation began, two adjacent filaments could no longer be 
distinguished. In this way. a difference of no more than U‘2 7 in 
consecutive readings was obtained. 
tit nary System*. There are five, namely. 

(ft) Ammonium nitrate and ammonium chloride (see Part IV. 
l.j 1922, 121, 2475). Kuteetie tomjierature at 141 \ 

(A) Ammonium nitrate and potassium nitrate Kuiedie tem- 
perature at 1 50*5' with 136 per cent, of KXth. 

(c) Potassium nitrate and potassium chloride. Kuteetie tem- 
perature at 331 .V with 5 0 per cent, of KC1. 

(4) Ammonium chloride and potassium chloride; cannot be 
realised. 

(f) In addition tu these, the general diagram shows that ammonium 
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chloride can form a binary system together with mixed crystals of 
ammonium and potassium nitrates. 

Ternary Systems * — Only one has been realised, namely, ammonium 
chloride, ammonium nitrate, and mixed crystals of potassium 
nitrate and ammonium nitrate (together with liquid and vapour) 
at a temperature of 134*5° ; but for the decomposition of the 
ammonium salts, another system would be expected, consisting of 
ammonium chloride, potassium chloride, and mixed crystals of 
potassium nitrate and ammonium nitrate. 

Melting-point curves have been constructed for the following 
mixtures, with varying proportions of the constituents : 

(1) Ammonium nitrate and ammonium chloride. (2) Ammonium 
nitrate and potassium nitrate. (3) Ammonium nitrate and pot ass - 



i-int mt/f nil nit*. 


ium chloride. ( 1 ) (Ammonium nitrate l*S7 jar rent, of ammon- 
ium chloride) and potassium rhloride. (5) (Ammonium nitrate 
4 percent. of ammonium chloride) and potassium chloride. (t») (Am- 
monium nitrate 7 per eenl.of ammonium chloride) and potassium 
chloride. (7) (Ammonium nitrate !l-5 |ht rent, of ammonium 
chloride) and |>otassiuin i hloride. (S) (Ammonium nitrate-ammonium 
chloride eutectic) and pota.-sium chloride. (!») (Ammonium nitrate 
ammonium chloride ‘-meet ie) and pota»ium nitrate. (10) (Ammonium 
nitrate 4 percent, of pnta»ium nitrate) and |M>lussium chloride. 
(11) (Ammonium nitrate • * per cent, of j«)tassium nitrate) and 
potassium chloride. (12) {Ammonium nitrate ; l*’r cent. <'1 
ammonium chloride) and potassium nitrate. (13) (Ammonium 
nitrate * 13‘b per cent, of j>ota.-sium nitrate) and potassium 
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chloride. (14) (Ammonium nitrate -potassium nitrate eutectic) and 
ammonium chloride. (15) (Ammonium nitrate -f 16 per cent, of 
potassium nitrate) and ammonium chloride. (16) (Ammonium 
nitrate -f 10 per cent, of potassium nitrate) and ammonium 
chloride. (17) Potassium nitrate and potassium chloride. 

Curve 1. Ammonium A : Urate, and Ammonium Chloride Hoc. at.). 

Curve 2. Ammonium Sit rate and Polamum S Urate (Fig. I). — 
Although these salts are isomorphous, the curve shows a well- 
defined minimum and is of the usual type for two substances 
forming neither a compound nor mixed crystals. However, a few 
similar cases have been observed previously, namely, naphthalene 

170 ° 


ICO’ 


1 50 ' 


uo ; 


4 S 12 l». 0 Kll 

A>nut'>itiu}n nilrah o/rf •>ium 

and nnmoehlurnaretie arid. pntu>-iuiu and thallium nitiat* s (Cady. 
,/. Physical ('ban.. ISPP. 3. !l!7 ; Van K\k. /. j.hy^ikui Chon., 1 
30. 43U). The crystals arc well defined <>u l»»th sides of the minimum 
and very similar to carli other. I>y analysis. the crystals separating 
liave lif'cn shown to he ammonium n it rat ** la low 13f> jvr cent, of 
potassium nitrate, and a little almve that concentration mixed 
crystals of the two nitrates with about 15 |* r cent. of the potassium 
salt. 

f his proportion would u<» doidn increase uitli iiunasoot pota.vium 
nitrate in the liyuidu*, until the temperature lm-arne unworkable. 

(-mrr 3. Ammonium Sit rah and Potassium Chloridt. This is a 
ternary system, and the curve (Fig. ll) is typical of several others, 


Ar io. 2. 


\ 




I 


\ 


j 


NH, 


\ 

il 

^Cl 


*>JlqcO 


ywx/'+a 



844 


PERMAN AND SAUNDERS ! 


for example, curves 4, 15, 16. It consists of two straight branches 
connected by a curved portion. Tho crystals separating are as 
shown in the diagram ; below the straight branches, ammonium 
nitrate and ammonium chloride, respectively; below the curved 
portion, mixed crystals; on either side of this area, mixed crystals 
are added to the salt separating higher up. 

Curves 5, 6 , and 7 (ammonium nitrate, ammonium chloride, and 
potassium chloride) each consist of two straight branches, ammonium 
nitrate crystallising on one side, and ammonium chloride on the 


Fig. 3. 



other, Thu lowest point of curve *> is the lowest temperature 
(134 \V) obtained in the series and represents the ternary eutectic 
amnion iu hi nitrate, ammonium chloride, and mixed crystals. It 
is confirmed by several secondary arrests (see appendix). ( un*s 
6 and 7 are similar except that at and below the lowest point the 
solid phase consists of ammonium nitrate and ammonium chloride. 

Curve 8 is without a left branch. There are several secondary 
arrests following the binary eutectic curve (see general diagram). 

Curve 0 nitrate-ammonium chloride cutccUc und 

potass iu m nitrate) lirst falls and then rises; it is almost entirely 
in tho ammonium chloride area throughout . Below it is a somewhat 
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similar curve of secondary arrests following the binary curves 
ammonium nitrate, ammonium chloride, and later mixed crystals 
(AmN0 3 ,KNO a ) and ammonium chloride (see general diagram). 

Curves 10 and 11 {ammonium nitrate + 4 per cent. (8 per cent.) of 
potassium nitrate and potassium chloride) arc of an exceptional 
character and consist of straight brandies (the right-hand one being 
very steep), joined below by a short curve which is nearly hori- 
zontal (Fig. 3). The solid phases are as shown in the diagram. 

The mixed crystal area is a small triangular space below the 
Hat curve. 

Secondary arrests corresponding with the binary eutectics 
converge to the ternary eutectic at J34‘5\ 

Curve 12 {Ammonium X it rate - 10 per cent, of Ammonium 
Chloride) and Potassium Xitrale. -Left branch straight; right 
branch gently curved, suJid phase mixed crystals. 

Curve 13 (Ammonium X it rate -|- 13*0 per c<ut. (f Potassium 
Xitrati) and Patnx-vum ( 'blonde . — Flat curve entirely in the mixed 
crystal area. 

Cum 14 (tun moth am tuirnU and jio(as<nuti nilraU ( utcctir) and 
ammonium chloride, passes through t I k* ternary eutectic; which F 
confirmed by several secondary arrests. Left branch straight, solid 
phase ammonium nitrate; right branch slightly curved, solid phase 
ammonium chloride. 

Cum 1 5 (am man ut hi niiatU •• )ti ]>>r end. of jyJu'siam nitrate) 
and ammonium chloride, consists of two straight, or nearly straight 
branches connected by a curved portion below. Solid phase on 
left side, mixed crystals: on right side, ammonium chloride. There 
are .-nine secondary arnsts at the ternary cuicetir temperature. 

t'uiTi |(i is similar to |5. 

( urn 17 is <.f the u-im 1 rao-hruneli tvpe. (We an* indebted to 
.Mr. W. lb 11 arrison for this piece of work, which was earned out 
with a mercury thermometer. An gn at accuracy can he claimed 
owing to the length of the cXpoo d -Uiu.l 

C< Mful iha<jtttm. Th*- whole of tin- ie>ult> are embodied in a 
general diagram (l ig. 1;. con-tHirted as de-enbed in Fart IV 
{lor. at., p, b'477). It shows one ternary system. namely, ammonium 
nitrate, ammonium chloride, and mixed crystals (AmNU ; . and KXO s ) 
in equilibrium, together with liquid and vapour, at 134 5 . Tim e 
binary systems are shown. already described. j«. S41 ; ,.f the , -ther 
t\'<> binary systems, only cun* ha- been realised, namely, jhrtas.-ium 
nitrate and potassium eliloride with a eutectic at 33F.V. To 
complete tin* diagram there should In* evidently another ternary 
sx >t<*m con-i-t ing of pol e dmn chloride, ammonium chloride, and 
mixed crystal.- (AmNtb and KNO.i. but it has not been found 
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possible to realise it owing to the decomposition of the ammonium 
salts. 

A noteworthy feature of this diagram is the flatness of the mixed 
crystal area. 

Fia. 4. 



004 (KW iM -2 0-l<; 0 -20 

<,'i if ml • ■/" ‘t > i •• w tlyffniH-. 


Sum u\nnj. 

(1) Tlu* freezing point of ammonium nitrate is lowered from 
16U' to l.VhV by the addition of [Massium nitrate, mixed crystals 
of the two salts separating at that temperature. 

(2) By the addition of ammonium ehloride and potassium nitrate 
to animoniuni nitrate the freezing {mint is lowered to 134 m . 

(3) An equilibrium diagram i> given for the system 

XH 4 XO a KCl ^ * KNO., XH,n. 

It .'hows a ternary euteetie at 134 m for ammonium nilMti. 
ammonium chloride, and mixed crystals of fmtassiiun and ammonium 
nitrates. 

(4) There is probably another ternary |x »i nt , not realisable 
ordinary pressures. 

(o) When an isomorpbniis mixture (or mixed erystals) feint" 1 
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definite eutectic, the character of the equilibrium system appears 
to be the same as when no isomorphous mixtures are present. 

The whole of the experimental results arc given in the following 
appendix. 


Appendix. 

Freezing Point * of Union/ Mixtures. 


Curve (l). A> Mil ion of MI, (’I to NM,\O x . 
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I-7S 4-0 

7-o 
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F. |-»f 

HKMT 

Hi.7-.r- 170-4 
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12-1 i:i :»2 
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F. pt 

1 40 ;t 
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u; 2 -u 

1747 


(2) Addition of KNO., to XII, XDj (Fi; 

l i. 
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1M o 

lti.7-0' 


Freezing Points 

■ of Ti rnnnj Mixture. 



(4) Addition of 1 

KCl to MIjNO, -Fi- 

, 2i. 


KCl 

oo 2:u 

4 4.4 sti |o 

it M-.7 

1 1-07 

V. pt 

ItiSMi 102 7 I 

:>.7‘t Me*; I.}-* 

•s 14ss 

147-0' 

Arrest 




147 S 

u „ KCl 

112 12 :n; 

l:i O 14-1.7 14 

4 M - 14 

171 

K. pt 

. 147-4 1 717 * i 1 

147 -.7 14" o 147 

•2 172 2 

lf.H-0 
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(4 ) Addition of K< 1 t 

o :NH.No, J Ts 

„ X 1 1 ,C| 
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f, <, Kcl .... 

li t) 1 ! 7<> 

. 12-n 120 

12-s 

14-1 

I'- i-t 

1411 142-1 

1H.-7 17.7.0 

1.77-7 

It-7-7 

Arrest 

!:M7 
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147-0 
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1.7} Addition of K( l 
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N MjCIt. 
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(Ht 
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7-7 
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{!») Addition of KCl 
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(7) Addition of KCl to (NH 4 KQ 9 f- 9-5 ° 0 NH t Cl). 

% KC1 0 0 10 1% 2 0 3-84 

F. pt 147-2° 144-5° 142 0 131MF 144-8" 

Arrest 138-8° 

% KCI 4-3 4-70 5-2 5-05 

F. pt 1 4 S ■ 2 ' 155-5" 158-7° 105-5° 

Arrest 137-2' 13S-2’ 138 2° 137-4° 

(8) Addition of KCl to {XH,N0 3 • 12 1 % NH 4 Cl) (eutectic). 

% KCl U-0 0-00 1-90 2-0 3-85 

F. pt 141-1 145-0° 154-0° 105 0° 173-7° 

Arrest 141 140° 138 I 13T-4 J 

(0) Addition of KXO a to (XH,X0 3 -j- 121 % NH 4 C1). 

° 0 KXO, 0-0 4-70 0-0S 11-1 14-0 

F. pt. 141-1- 138-0° 130-0° 142-7° Mo-tC 

Arrest 130-8 134 5 134 O’ 

KNO a 10 7 Is 4 2<H> 23-1 25 o 

F. pt 147-5 140-2 1 5 1 • S v 150-S 10O-H’ 

Arrest 130-0 130 7 142-0 140 2 152-s 

*ll») Addition ui KCl to (NH[XO a • I KN’O 

° tl KCl o o o-oo 1-00 3-22 4 15 7-4 

F. pt !00 «) 104-2 150-4 150-0 152 7 143-0- 

KCl lo-3 lo-7 11 -7s 12-25 12 s 13-3 13 s 

F. pi 142 0- 142 0 142 0 1 13-0 l 10 7 1511 l)Hi-s 

Arrest 134-0 1 12 0 143-0 111-7 UU-1 

( 11 ) Addition ot KCl to (XIIjXO, S K NOj). 

° 0 KCl 0-0 145 1 5s 5 7s 0-00 s i s s 

F. pt 102-8° 1 5s 5 110-1 14s <; Ms l 1 17 7 117 0 

Arrest 145 4' Mo-3' 135-3’ 

° u KCl 0-21 ll-n 11-s ll !) 122S 13)*S 13-9 

F. pt 117-8 14s 0 148 ;; U0-4 151-0 15S-7 100-n 

Arrest 147-5 117-1 I Is o 150-5 

(12) Addition nf KXO. t<. 'NH.NO, l»> X 11,(1). 

KXO, o o 3 32 «. 25 0-1 1 1 77 1137 

F. pt Mo mi mo i:;o i 1:173' J3.vs 

u , ( KNO It; on Is o l'I ii'i 35-o 27-0 

F. pt. 130 I 113 0 10.1 157-s 1**8 5 

*13) Addition m Kt I Nll.Xn, l.i KNUj. 

Kl'l «• «» i> ’.*0 2 11 4-75 5-f'5 

F. pt 1.78 11 1 5*. 0 I5t. :i 155 0 157-lr 

‘7, KCl 0-07 7 »• mi 0-0 

F. pt 157 0 158.. 158 0 102 0° 

il l) Addition nf Nll,( 1 t.. (XH.No., 13 0 KNOj -van in-). 

°, ( XH t Cl n o 1 is 2 02 5 21 7 1 

F. pf 157-3 153)1 ItUs 143 7 130-0 

'7, NH.Cl 0 5 In 3 11-1 1 M’ 

F pt 131.7 150 8 110 5 151 0' 

Arret 1313 1315 131-2 
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(15) Addition of NJIjCl to (NH,N0 3 -j- 10 % KX0 3 ). 

% NH 4 C1 0 0 2-38 3-00 5-36 6-08 

V. yt 100*0° I334‘ J 140-7 144*4° 143 0-' 

%NH 4 C1 8-28 8-81 100 11-0 11-54 1200 

i\ pt 13G-S" 135*9° 1 43- O' 1 150-0° 101*9" 100*2° 

Arrest 134*5° 135*0° 134*8° 

(16) Addition of Nlf t Cl to (Nll t XO a 19 % KNO a ). 

%XH,CI 0*0 0*99 2-00 4- 15 4*52 

K. pt 107*9° 104*8° 157*0° 1520° 151*9° 

«>,, NH 4 Cl 5*05 0-83 7*98 8-55 9*64 

F.pt 147*9° 113*8" 141*7 142*8 145*9° 

Arrest 134*9° 1351° 

(17) Binary system not appearing in tin* general diagram. Addition of KC) 
to KXUj. 

KCl ... 0*0 1*05 2 34 4-07 0*80 7*88 Ri-I2 12*45 

F. pt, ... 344 J 343° 311" 330 J 339 345" 35 r 371° 


University CoLLL'OK, Car i arc. Jio.iictd, F<bruanj \ilh, 1923. J 

OIL — Preparation of Potassium and Sodium 
A ryhulphun iodoarn ide w. 

By Ki.\vys Kobkkts. 

In an attempt to prepare benziodoamide, e ti H.*ro*XHf. l»v acidi- 
fying a solution of iodine and benzamide in caustic >oda , Moore 
and Thomas (-/. dwer. < h>m. Sue., J91I. 36. 19:2s) obtained a 
coloured periodidc to which they gave the formula 
((. ’ ti 1 1 . *r (. )-*X H 2 ) 3 , X a 1 , 1 ., . 

.Similar period ides arc, I tind, obtained as dark, crystalline 
solids from benzene- and /Moluene-sulphonamidcs when a concen- 
trated solution of iodine in aijucoti* |K.»ta.-*>iuin iodide is added to 
their aqueous alkaline solution. On the other hand, o-toluetie- 
sulphonamide yields a pale yellow, crystalline » «iui. which is 
potassium toluenc-o-sulphoniodoamide. t H^t^H^SO./XlK.H.d ). 
This compound is the lirst salt of an iodnamide to be isolated, and 
is the iodine analogue of the broino- and i iiloro-amides, of which 
the lirst was Hofmann s (/fir., lsv.\ 15. 4oj ncrtnhrnmoamide. 
In particular, the more closely analogous Milphonchinro- and 
siilpJionbruino-atnides have been prepared bv t hattawav ( T., 
87. 14.1 (t my/.), and Pakin. ( ohen. Ihuifrone. and Kenyon 
{/W. Hoy. Nor, 19W, 89, [/>’ j, 23S). 

Hu 1 essential conditions for obtaining these Mloamule salts 
,ue tlie presence of hypoioditc and a high concentration of pota»ium 
or sodium, preferably a 8 hydroxide, to reduce the solubility of 
these highly soluble salts. 
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Method 1. — A solution of the sulphonaniide (4*5 grams) in the 
minimum quantity of 10 per cent, caustic potash (or caustic soda) 
is slowly added to a small excess of a solution of iodine in aqueous 
potassium or sodium iodide (9 grams of iodine and 18 grams of 
potassium or sodium iodide in 20 c.c. of water), whereupon, with 
the exception of o-toluene- and a-naphthalene-sulphonamides, 
periodides crystallise out. Fifty per cent, caustic potash (or 40 
per cent, caustic soda) is introduced drop by drop, until the iodine 
and the periodide have disappeared. The salt of the sulphoniodo- 
amide immediately separates as a yellow, crystalline powder; it 
is collected, quickly washed with a cold saturated solution of 
potassium (or sodium) chloride, pressed on porous tile, and dried 
in the air or over phosphoric oxide. 

Xo separation of a salt of the iodoamide follows on the addition 
of an alkaline solution of the sulphonaniide to a freshly prepared 
solution of iodine in concentrated caustic alkali; too little hypo- 
iodite remains unchanged to permit the formation of the iodoamide 
(Taylor, T,, 1900, 77, 725; Orton and Black m arm, ibid., 830). 

Method 2. — An alternative successful process is found in the 
addition drop by drop of 50 per cent, caustic potash (or 40 per cent, 
caustic soda) to an intimate mixture of iodine (2 grams, 25 per 
cent, excess) and sulphonaniide (1 gram), covered with a few c.e. 
of water (2- 4 c.c. for the more soluble, 10 c.c. for the less soluble 
iodoamides). The iodoamide* are left as line powders when the 
iodine has disappeared ; periodides are obviously intermediately 
produced. 

Acidification of the mother-liquors of tin* iodoamides, except 
o-toluene* and z-naphthalene-siilphnniodoanudes, causes liberation 
of iodine and separation of periodides of the sulphonamides. 

It was hoped that tlu* use of the large quantities of potassium 
(or sodium) iodide, and of iodine might be avoided by the addition 
of a solution of iodine monochloride in hydrochloric acid tn a 
solution of the sulphonaniide in concentrated caustic alkali, since 
IC1 — 2KOH KIO - KCI -- H.,0. The difliculties of mixing 
the components at the high concentrations which arc required for 
the isolation of the salts were insuperable on the small scale. 
Iodine appeared, and the reaction represented by tlu* above equation 
was only partly realised. There was no improvement in tlu* yield 
of iodoamide calculated on the iodine used. 

By the above methods, the |>otassiuni salts of benzene-. <>- and 
//-toluene-, and a- and '> naphthuleiic siilplinnindoamides have 
been prepared, but only the sodium salts, which are far more 
soluble, from o-toluene- and a-naphthalene-sulphonamides. Hie 
yield varies between 50 and 85 per cent. These salts have a pale 
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yellow cjolour, form pale yellow solutions, and decompose slowly 
when exposed to the air. They have the characteristic hypoiodite 
odour. The water of crystallisation is lost at 75°, or on keeping 
over phosphoric oxide. When heated, the solid “ explodes ” at 
temperatures varying with the salt and the rate of heating. The 
iodoamides cannot be reerystallised from water, in which medium 
they become, on warming, extensively hydrolysed; free iodine 
appears, and ultimately iodide, iodate, and the original sulphon- 
amide are produced. At the ordinary temperature, the same 
decomposition occurs, hut less rapidly; in the case of a 1 )>er cent, 
solution of potassium toluene-o-sulphoniodoamido, after one day, 
35 per cent, of the salt, has disappeared, but after six days 45 per 
cent, is still unchanged. This decomposition is greatly delayed in 
a dilute alkaline medium : thus, in the presence of one equivalent 
of alkali hydroxide or carbonate, 20 per cent, has decomposed in 
twenty -four hours, and 35 |ht cent, in six days. The solution 
behaves as u relatively stable hypoiodite ; arsenite is oxidised 
rapidly and quantitatively, a reaction which serves for estimation; 
acetone and alcohol are converted into iodoform; with dilute 
aqueous ammonia, crystalline nitrogen iodide is formed; with 
aqueous methylamine, di-iodomcthylamine is formed as micro- 
scopic dich ruinate- 1 ike crystals; phenols react readily, yielding 
iodo-derivatives. On acidification of the solution with acetic 
acid, iodine appears and the sulphonamide is precipitated. In this 
reaction the salts of sulphoniodoamides differ from those of the 
diloro* and bromu-amidc.y which yield the sulphondihalogono- 
amides, ArSO./XX.,. on acidilieation. 

Fuffixsiiuti mid Sudiutn . 1 r*jl< Wy Ji on i> Ao»t in id ».,* . 

Tofu uni HnntUf<ulithonk»{mmid<, ( , ( .H.gS()yXIK or 
(’..H.-SOtORjiM. 

—This salt and lho.se subsequently described were prepared by the 
two methods. ITider (o). (//}. t fti- analyses of tile conijwmnd pre- 
pared respectively hv tin* lirst and mvuihI methods are given 
| Found: (a) 1 3S-53: K l.TiW: (A) I 4301; K --- 1273. 

( ’ (; H - -S( )yX I K requires I 3P'51 : 1\ 1210 [n*r n nt.j. 'The salt 

when kc-jjt in a dry atmosphere and excluded from light, is nearly 
white. 

Pdhtx.d am Tolu t to -p'vWpWoWi*/mc/' , ( Tl.,*< ’.Jlj-St t/XI K . 

ibis compound is soniruhat less soluble in water than tile eoiTe- 
^ponding lienzeiie e<unjKiund j Kouml : p/) I 3015; K 1105: 
|^) 1-371N); K 1220. lyXIR requires I- 

37^(j; R H-Gti jkt eviit.j. 

Fotamum tohunf-o-sulphoti iodoam id<\ C Ti ^ HgHV X i K . H Jj , 
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is by far the least soluble of the scries (4*80 grams in 100 c.c. of 
water at 10°) and can be dried in air without undergoing decom* 
position [Found : (a) I — 35*62 ; K = 10*71 ; in material dehydr- 
ated over phosphoric oxide, X = 37*06 ; after heating at 75° for 
half an hour, I — 37*29; (6) I = 35*44; K. = 10*96. 

CH 3 ‘0 6 U 4 -S0 a -NIK,H 2 0 

requires X — 35 93; K — 11*08. CH 3 *C! 6 H 4 , S0 2 *N1K requires I ~ 
37*86; K. = 11*66 per cent.]. 

Sodium tohtenc-o-sulphon iodoamide, CH 3 'C 6 H 4 *S0 2 *NINa,2( ?)H 2 0, 
is far more soluble in water than the corresponding potassium 
salt, and was hence obtained only in an impure state [Found : 
(a) 1 = 33*09; Na = 7*78; after heating at 65° for one hour. 
I = 37*42; (5)1 = 36*21; Xa - 6*69. CH 3 -C 6 H 4 -80 2 *XINa,H 2 0 
requires 1 = 37*65; Xa = 6*82. CH 3 *C c H 4 *S0 2 -XINa,2H 2 0 re- 
quires I = 35*75 ; Xa = 6*48 per cent.]. 

Potassium naph thalene-n-sulphon iodoa mide , 0 10 H 7 *S0 2 *N I K,2H 2 0 
[Found: («) 1 = 31*06; K = 9*74; (5) 1 = 31*23; K = 10*29. 
C 10 H 7 *SO 2 *XlK,2H 2 O requires I — 31*17; K = 9*60 per cent.]. 

SodiumNa phthalene-y.-sidphoniodoctrnide, G 10 H 7 , 8O 2 ’X !Xa,( ?)H>0. 
— This very soluble salt was not obtained pure [Found : (a) 1 - 
29*22; (6) 1 = 31*37; Xa = 6*08. 0 10 H 7 *S() 2 *XIXa,3H 2 U re- 

quires I = 31*02; Xa = 5*62 per cent.]. 

Potassmn na ph tka kne- 'i-sulphon iodoam ide , C 10 H 7 *SO 2 *N 1 K,( \ )1I 2 ( ) 
[Found : (o) 1 = 33*21; 1\ = 10*07; (6)1 = 33*02“; K = 9*77. 
C^H-’SOvXIK/H^O requires I = 32*65; K = 10*06. O 10 H 7 \SO 2 *XIK 
requires I -= 34*19; K = 10*53 per cent.]. 

Pc fi od ides f rom .4 njlsu Iphona m ides . 

These periodidcs can be easily prepared by mixing alkaline 
solutions of the sulplionamides with concentrated solutions of 
iodine in aqueous potassium iodide. Three grams of the sulpln in- 
amide, dissolved in 6*J e.c. of 24 per cent, caustic potash, are added 
slowly to a solution made up from 9 grams of iodine, IS grains of 
potassium iodide, and 60 c.e. of water. The mixture is filtered 
and set aside for tweilty-four hours, when the periodide separate 
as very dark, lustrous, flat crystals. They are collected, washed 
with a very small quantity of water, and dried over sulphuric 
acid. The ‘total' 5 iodine was estimated by the farms method, 
and the ” free 55 periodide iodine by titration with thiosulphate. 

The approximate formula*, of the periodidcs isolated are 
follows: 3C 6 H -*S0 2 *X H 2 , K 1 , 2 1 2 [Found : K. = 2*95, 3*27 (341): 

8 = 6*66, 6*84 (8*40); l"(total}“ = 50*05, 51*59 (55*43); 1 (free) 
40-79, 42-92 (44-34) |»-r cont.J. 3 (j>-)«iH 3 <!,H i -SO ! .-NH ! .K[ 
[Found : K — 2-77, 2-7.7 (2-73); S - 7-3(3 (0-70);' I (total) ^ 
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59*47, r>8-84 (91*91); I (free) — 52*16, 55*77 (53*08) per cent.]. 
The values in brackets are calculated values for the formula? adopted. 
The results show that independent preparations of a period ide do 
not give the same analytical values. 

I wish to express my thanks to Professor Orton, F.R.S., at 
whose suggestion this investigation was undertaken, for his guidance 
and criticism ; also to the Department of Scientific and Industrial 
Research for a grant which has enabled me to carry out the work. 

L'nivkksity College of Nukth Walks, 

Maxgor. [Ihctiwiy Ortobf.r 19 lh f 1922.] 


C l 1 1 ► — The ('hemislry of Polycyclic Structure s in 
Helot ion to their Ilomocydic Un*( Unrated Isomer ides. 
Part / V. The Simulation of Benzenoid Properties 
by the Five-carbon Intra-annular Nucleus. 

By ( 'iiRisroPHER Kelk Ingold, Krnest Arthur Seeley, and 
Jocelyn Field Thorpe. 

The experiments described in the earlier parts of this series have 
led to the < (inclusion that in certain five. carbon nuclei there exists 
a condition of tautomcrism characterised l>y reversible interchange 
between phases of the following general type (equation A), the 
individuals being related similarly to the Dewar and Kekule phases 
of benzene (equation />’) : 


- CY-CU 


l'K.,< (X (ii ) 

“CY~C\V J 


— OCX — ( z 

n i _ . !l 

— C — C\ — C\Y 


“C — (X—t’Z 
-C-CY TXV 


ll will he retailed that part i«f ibe evidence cited (Ingold. T.. 
1922, 121. 1133) in favour <>f the view that the amnia tie nuclei)- 
contains u system eomp»»ed of bridged and Kekule phases eonsisi- 
in the unification to which this view leads of the characteristic 
reactions of the aromatic series, for instance, the formation of ortho- 
tmd piira-quiiionoid structures by oxidative or additive reaction-, 
migrations to the ortho- and para- positions, the substitution rather 
than the addition of halogens, and so forth. It is to be expected, 
therefore, that the live-carbon prototype (equation A) will, if the 
relative stability of the bridged and double-bonded phases sufficiently 
Ambles that of the bridged and Kekule phases of the benzene ring, 
VOL. I'WUI. ' U G 
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tend to simulate the truly aromatic type (equation B) in the pos- 
session of the characteristics mentioned; and the purpose of this 
paper is to show that it is possible so to adjust the stability of the 
phases in the five-carbon series that the compounds do actually 
simulate in a marked degree the properties of aromatic compounds. 

Previous experiments (Farmer and Ingold, T., 1920, 117, 1362; 
Farmer, Ingold, and Thorpe, T., 1922, 121, 128) on the intra- 
annular tautomerism existing in five-carbon nuclei have largely 
been concerned with a series of substances derived from an acidic 
hydroxy-ester, all the observed transformations of which can be 
referred to one or other of the two formulae (V) and (VI) : 

CH 3 \ c< ^C(C0 2 Et) , C*C0 2 Et _ CH3 >c< C(C0 2 Et):C.C0 2 Et 

CIV T(C0 2 Et)-C’0R CIV T\C0 2 Et):C-0H 

IV.) (VI.) 

From this parent substance a number of others were prepared, 
each of which was characterised by the possession of a two-fold 
series of properties, which, if considered as evidence of constitution, 
pointed with almost equal directness to two structures related to 
one another in the manner of formula? (V) and (VI). The most 
striking feature of this series of substances was the remarkable 
stability of the bridged phase, which was such that it was possible, 
by careful attention to experimental conditions, to oxidise certain 
of the compounds to a cyc/opropane acid (caron ic acid, VII), the 
bridged linking surviving even although a considerable portion of 
the molecule was oxidised away : 


CH 

CH 


3 >C< 


c — c — • 

I 1 1 

V-°- 


( 0 ) 


CH 3>c< CH-CO.,H 
CH, CHC0 2 H 


(V11.J 


It is scarcely necessary to point out that this kind of reaction U 
quite unusual. A bridge bond, like a double bond, is an element 


unsaturation, and, under normal conditions, is the point at whirl: 
the attack of an oxidising agent commences. Hence it is tlnu 


only in exceptional circumstances, in which the bridged phase i> 
more than usually stable, is it possible to elfect oxidative degradation 
in such a way that the bridge bond survives. 

Therefore, for the purpose in view, it was necessary to adept 


some means to reduce the stability of the bridged phase to the 
point at which, as in aromatic compounds, the attack of oxidising 
and other agents begins at the bridge; so that, in oxidation, for 
example, cyclic 1 : 4-diketones, analogous to para-quinones, would 
be the first isolable products. 

The method which suggested itself for bringing about this result 
was to replace the gem -dimethyl group in the ester (V, VI) by 
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some more bulky grouping such as the methyl ethyl group or the 
residue of a cyclohexane ring; and at the commencement of our 
experiments evidence was already to hand which indicated cyclo- 
hexane derivatives as eminently suitable for the purpose ; for it had 
previously been shown (Ingold and Thorpe, T., 1919, 115, 320) 
on theoretical grounds that the bridged linking in derivatives of 
the eyefohexane-ester (VIII) must be considerably weaker than that 
in the yem-dimethyl series, and the fact had been confirmed (Ingold 
and Thorpe, loc. cit.) as regards the, stability of the bridge bond 
towards reducing agents by quantitative measurements, 


, 4 X(C<),Kt)*C‘CO,Kt 

IVJII.) CH 2 v CH ". GH >(,v ( l , ;( . 02Et) . c . 0H ' 

i X'Hj-CH T(CO s Et):c<OH l ‘ V) 


The inllucnce of the cyc/ohexane ring in diminishing the stability 
of the bridge bond to the point at which the condition of the struc- 
ture has so far approached that of the aromatic nucleus as to give 
rise to a definite simulation in properties became evident from the 
outset (u the investigation. Our first experiments' had for their 
object to determine the behaviour of the structure on oxidative 
fission, and it was at once discovered that under conditions in which 
bridged compounds of the yem - dimethyl series yield the cyclo- 
propane acid (VII) (caronic acid), that is, undergo oxidative fission 
in, which the bridge bond is preserved intact, the corresponding 
cyclohexane substances give no trace of the analogous npirocycfo- 
propane acid (XII) (a well-known and very stable acid), but in its 
place yield cyclic unsaturated 1 : 4-diketones of type (X). analogous 
in constitution to para-qninones : 


t ;.i i io-^ b 


x-o 


c — c- 


< ;,il „,><■< 


ro-c— 

CO— C~ 


All attempts to isolate similar 1 : 1-rliketones (XI} in the guu- 
dimclhyl series have been fruitless, the sole product of oxidation 
of the bridged form being caronic acid (VII). 


(Xi.) (CH 3 ) 2 C< 


CO-r- 

C0-[ ! “ 


t\H 


VtRO.H 


Thus in the you-dimcthyl series the dibasic acid corresponding 
with the acid (XUI) (below), on oxidation with alkaline ferrieyanide, 
gave, in excellent yield, caronic acid accompanied by no other 
product (Fanner and Ingold, loc. cit.). On the other hand, the 
cyWolicxuuc add (XIII), on treatment with the same reagent, gave 
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a nearly quantitative yield of the cyclic 1 : 4 -dike tone (XIV) 
derived from the bridged phase (XIII) by the addition of oxygen 
at the bridge. 


c,h 10 >c 


|<: C(C0 2 H)-C.C0 2 ] 

CH C'OH 

(XIII.) 


'oH 


->O 5 H 10 >O<^§H H . h2(X)2 

(XIV.) 


It is noteworthy that although these oxidations by ferricyanidc 
take such different courses in the dimethyl and cyc/ohexane series, 
in neither case does the product contain any substance derived from 
the double-bonded phase of the original dibasic acid. Evidently 
in both series the double- bonded phases are stable to this particular 
reagent, the attack of which is directed, albeit in such different 
ways, against the bridged phases alone. 

A similarly strong selective action is exerted by alkaline per- 
manganate, which attacks only the double-bonded phase (XV) of 
the cyclohexane dibasic acid, yielding a cyclic ketoglutaric acid 
(XVI) and oxalic acid : 


(XV.) 


e,H in >c< 


coeOoH 

ch</c6- -cocOoH 




CO-COjH 

■CH.mii 


(XVI.) 


CO«H*COdl. 


The reaction is exactly similar to the oxidation by permanganate 
of the corresponding yew -dimethyl acid, which yielded a-keto-fVi- 
dimethylglutaric acid and oxalic acid {loc. cit.). 

Again, it should be noted that in neither series did the product 
contain any substance which could have been supposed to h< i 
produced by oxidative iission of the bridged phase of the original 
acid (Farmer, Ingold, and Thorpe, foe. cit.), whence it is evident 
that, in both series, alkaline permanganate, in contrast to ferri- 
cyanide, exerts a powerful selective action oil the double-bonded 
phases. 

A similar remarkable difference in the manner of oxidative 
fission of the bridged individual was observed in the case of the 
corresponding monobasic acid. It will be recalled that in the 
yem-dimethyl series ferricyanidc attacked both the bridged and 
double-bonded forms, a small yield of caronic acid, derived from 
the bridged form (XVII), being accompanied by a large quantity 
of dimethylaconitic acid, the product of oxidation of the un- 
sulurated isomeride (XVIII) : 
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CH 1 - >r xC(CO a H)-CH CH 3>0< CH-C0 2 H 

CH S CH C-OH CHj CH-COjH 

(XVII.) | 


(by-product) 


CHj 

CH- 


‘>C< 


€(C0 2 H):ch , 


CH” 

(XVI1L) 


~C*OH 


ch 3>c< C(co 2 H):ch 
ch 3 co 2 h co 2 h 


(main product) 


The cyclohexane acid, the two phases of which are shown by for- 
mulae (XIX) and (XX), also yielded two products, that present in 
largest amount being a cyclic aconitie acid (XXI) analogous to the 
dimethylaconitic acid (XVII). The by-product was, however, not 
the cyc/ohexane analogue of caronic acid, no trace of which was 
detected, but was the same quinone-like substance, which forms 
the sole product of oxidation of the dibasic acid under similar 
conditions : 


(XIX.) J| 


( ••sH w >C d*v product) 
(XIV.) 


r n WWP ->CH >C< C(C W H 

T-OH 5 ]0 ^ T0 2 H CO.,H product) 


(XX.) 


(XXL) 


These reactions arc typical of a number described in this paper 
which show that quinone-like substances of the type (XIV) are the 
normal oxidation products of bridged modifications of this scries of 
derivatives of the. five-carbon monocyclic nucleus. 

In the oxidation of the monobasic acid, permanganate again 
shows its selective action on the double-bonded phase, the ketonic 
acid (XVI) being the sole isolablc product. The reaction is precisely 
similar to the oxidation by permanganate of the yon -dimethyl 
acid, which gives ketodimethylglutarie acid as the sole product : 


r.K >(< C(C0 2 H):ch . v c h >(< (wo 2 H)-ch 

' V-,,- - i s\xi y -» n 10^ S AU I V l 


CH~ “C-OH 
CO-CO., H 


CH“ 


-CO 


pit \ci /vu-eu.n ru \ ( .<^C°-C0 2 H 


CO., 


Another remarkable illustration of the analogy between the 
live -carbon nucleus and the fully aromatic type is to be found in 
the tendency of compounds of the former series to undergo sub- 
stitution by halogens : the tendency is such that in every ease 
hitherto investigated treatment with suitable quantities of halogen 
under almost any conditions leads to the successive and ultimately 
the complete replacement of all the nuclear hydrogen atoms, tile 
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reaction taking place in every instance without the least sign of 
the formation of isolablc additive products. 

The formulae (XTTT) and (XV) for the dibasic acid show that in 
this substance there is only one nuclear hydrogen atom, namely, 
that in position 4. Treatment with two atoms of bromine, there- 
fore, results in the introduction of a bromine atom into this position. 
The product is similar in all essential respects to the original acid, 
for instance in giving a yellow sodium compound and a strongly 
coloured iron salt, and the fact that it contains a similar intra- 
annular tautomeric system, represented by formulae (XXII) and 
(XXIII). is shown, by its oxidation with ferricyanide, the products 
of which are the semi-quinonc ** (XIV) and a comparatively 
small amount of the aconitic acid (XXI) : 


5 10 CBr C-OH 

(XXII.) i 


” 18 CBr •—' •OH 

I (XXIII.) 


The diketone (XIV.) 
(largo yield) 


The aeonitic arid (XXI.) 
(small yield) 


With the compound (XXTI or XXIII), luilogenation of tin* 
dibasic acid has reached a stage at which the only replaceable 
hydrogen atom is that on which the enolic properties of the sub- 
stance depend; hence further substitution must be accompanied 
by ketonisalion. The product of further hrominatinn can 1 lure- 
fore no longer contain an intra-annular tautomeric nucleus, and 
must he either a static bridged structure (XXIV) or a cyclic 
unsaturated compound (XXV) according as ketonisalion tales 
place through form (XX 11) or form (XX III). 


C-H 


/Cd'OJI -CUpCOJI 

x i ■ i 

('Hr 1*0 

(XXIV.) 


^ :»^ jo^ 


./(((dduic-coj 

X rBr, t’O 


i 


(XXV.) 


Experiment shoved formula (XXIV) In be the correct one, for the 
substance on oxidation with ferricyanide yielded cxelu^ivelv the 
bromo-deiivative (XXVI) of the cyclic 1 : 4-dikctoue previously 
described : 

(X-XTV.) ■ - ( ,„ io > f .< ( U-CB,C° 2 l. . ( , lti0>(< O»-CBr 
' 10 I'OCO J 10 Cu-OOH 

(XXVI.) 
poll* product) 

No trace cf an aeonitic acid, suggesting the procure of the is"- 
nieride (XXV) could be detected. 

This method of suppressing intra-anuular tautomcrism by en- 
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forced ketonisations through the substitution of bromine for the 
mobile hydrogen atom, recalls the case of tribromophenol (Ingold, 
Joe. oil.) which might theoretically become ketonised either by way 
of the bridged or Kekule phase, but is actually ketonised by way of 
the former, the sole product of further bromination being the 
static ketone indicated below : 


ch:cbp 


r-Rr p OIi:CBr m . [J>rj P'UUJ ir r , n 

GBr CH:CBr /UULHJ Br G CIHCBr GU Br G CHX’Br /C0 

(formed) 

PRr GGGGBr OOrHl >CBr C<H ’ CBr [ H 3 rO->PP,r' CH ’ CBr [B r ] prx 
CBt CH:CBr ^ CH=rCBr tU GBr CH=CBr C0 

(not formed) 


. [Br] CHX'Br 


The first bromine atom enters the nucleus of the monobasic acid 
(XIX or XX) also in position 4, the product (XXVII or XXVIII) 
giving on oxidation with ferricyanide a large yield of the I : 4- 
diketone (XIV) together with a small quantity of the aconitic acid 
(XXI) : 


' 1 Clii OOH J 1 CBr- C-OH 

(XXVII.) I i (XXV III. j 


Dikf'tone (XIV.) 
(Urge yield) 


Aconitic acid (XXI.) 
{small yield) 


The second bromine atom enters position 2. The product, which 
is also a tautomeric substance (XXIX or XXX), closely resembles 
its precursor, yielding on oxidation the brmninated “ semi-quinone !! 
(XXVI) together with a small amount of a brnmoaoonitic acid 
(XXXI); 


cjOc^V^ H >*S Br 


(XXIX.) 


5 ia ^ C ^CBr~“C-0H 
! (XXX.) 


(XXVI.) C-H 10 >c<°° n Br C 5 H 10 >C<Oe° 2 H) ; l Br lX XXI.| 
J 10 CO-C-OH 0 10 CUH CO..H 


(large yield) 


(small yield) 


further bromination results in the suppression of intra-annular 
tautomcrisrn, the tribromo-substitution product being a static 
dieyelic k i -t on e (XXXII) wh ich on oxidation yields the ** bromo- 
senu-qiiinone ’ (XXVI) as sole product. The reaction evidently 
ta, «' s I'hu-e by way of a dihromo-lriketnne (XXX III), the tendency 
of which to acquire the hydrogen atom necessary for tautomcrisin 
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is so great that spontaneous reduction takes place in the presence 
of alkalis (Norris and Thorpe, T., 1921, 119, 1202) : 


C,H 10 >C<Y 


C(C0 2 H)'CBr, 


CBr — 
(XXXII.) 


co' 


xo-co 

(XXXIII.) 

c ‘ h ” >c <So?oh+ ho1 ' 

(sole product) 


In the earlier communication dealing with the gem- dimethyl- 
tfi'c/yriopentane series, it was noted that certain halogen derivatives 
analogous to those described above can be converted by boiling 
alkalis into a remarkable series of substanees, the dicnolic forms of 
which (types XXXIV and XXXV) arc analogous to resorcinol : 


(XXXIV.) >C< 


C(OH):CH 

CH=C*OH 


> C <C(°H).CH 
CH — COH 


(XXXV.) 


A number of substances of this type have now been obtained in the 
nyc/ohexaned/cr/dopentane scries. Like phloroglucinol, they are 
partly ketonised, and although oximes have not been obtained, 
titration with bromine indicates a mono onolic formula, whilst 
titration with alcoholic sodium ethoxidc gives figures close to 
those required for a dihydric enol. AH compounds of the series 
form coloured iron salts, yield dyes when coupled with diazotised 
aromatic bases in alkaline solution, and, indeed, exhibit remarkable 
similarity with their aromatic analogues. 

The modes of formation of these enols are of interest in so far 
as they involve the elimination of the elements of hydrogen bromide 
from the 1 : 4-positions of the ring, a type of transformation which 
is of extremely common occurrence in the aromatic series (Ingold, 
Joe. cit.). The formation of the simplest of the enols (XXXVI nr 
XXXVII) from the monobromo-monobasie acid (X XVI 1 or X XVI 1 1 ) 
by boiling alkali must involve the following steps, 


(XXVII) - 




CBrOOH(+ 




► 0- IQ 

(-11 Hr) 


><J 


-C(OH)-CH 


(XXXVJ.) 


-C-OII ' 


(XXXVII.) 


and may be likened to the formation of anthracene and its 9-alkyl- 
derivative from tire hydroxy-dihydro'compounds : 


— C-CHR— C— ___ 

— (H'H(OH)-C— (-ii/), — C— CH— V— 



THE CHEMISTRY OF POLYCYCUC STRUCTURES, ETC. PART IV. 861 


It also seems possible that the formation of resorcinol by the 
action of alkali at higher temperatures on ortho-derivatives of 
phenol or benzcnesulphonic acid is due to an analogous trans- 
formation involving bridged modifications, 


CH'CH-CH 

(jH'CBrOOH 

(o-bromoplionol) 


^ CK-CH(OH)-CH 

<+b,o> cH-CHBr— OOH ( )ib? 


CH-C(OH)-CH 
CH-CH— OOH 

(resorcinol) 


although the devising of a crucial experiment to test this view 
presents obvious difticulties. 

The production of the bromo-enol (XXXYJJI or XXXIX) from 
the dibromo-nionobasic acid (XXIX or XXX) takes place evidently 
by way of the double-bonded modification of the nucleus, and to 
this extent resembles, perhaps, the formation of resorcinol from 
para -substituted phenols : 


XXX.) 


c 5 h 10 >c< 


CH^CBr 

CBrlC-OH (riiyo 


C 5 H 10 > 0 < GH (° H )-V HBr 

J 10 XBr“~C*OH 


C 

C 

(XXXVIII.) (XXXIX. I 

The isomeric bromo-enol (XLI or XLII) is obtained either by 
bromination of the enol (XXXVI or XXX VIE) or by alkaline 
hydrolysis of the tribro mo -monobasic acid (XXXII). This acid is 
a static bridged-ring keto-aeid, and therefore it is to be expected 
that the course of its hydrolysis would be generally similar to that 
of the hydrolysis of the monobromo-acid, which, as shown above, 
reacts in its bridged modification, A consideration of the matter 
shows that the reaction very probably does take this course, and 
thereby gives rise to a substance (XL), the tendency of which to 
acquire the hydrogen atom necessary for tautomerism is such that 
spontaneous reduction occurs in tin* presence of the alkali, hypo- 
bromite being formed in the solution : 


pj iu’.n- inriular 

•onEEr 


s iiv" CBr — OOH 


(-ink) 


W&xSgg 


(XXXII.) 


c 5 h 10 >c< 


CH-CBr, - 
CBr CO 


" (*ir,o> 




(XL. 




C*OH 


CK — t’-OH ' ' >H 

(XU.) (XLII.) 

fhe alkaline hydrolysis of the monobromo-dibasic acid (XXII 
or XXIII) presents no pomt of sjKrial interest, the product and 
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probable course of the reaction being the same as in the case 
of the monobromo -mono basic acid. The dibromo-dibasic acid 
(XXIV), however, although it is a non-tautomeric bridged-ring 
compound, gave rise to a mixture of both the isomeric bromo-enols 
described above, and it is worthy of note that this observation falls 
well into line with the mechanism suggested for the whole series 
of hydrolytic transformations : 


C-CO,) 


>c<V H- V E,ca H 

l ° CBr'CO 


(+n,o) 


(-HBr) 


(XLI.) ^ (Xl.ll.j 

: CsHl0>l S? HBr-tX) ° 5H ^ C SlIhrC 0 

~> (XXXVI1J.) ™ - (XXXIX.) 


In conclusion, it should be said that the constitutions of the 
various oxidation and other products encountered in the course of 
this investigation were established by a close examination of their 
reactions and by converting them wherever possible into known 
substances. Thus the acid formulated as a-ketocyc/ohexane-1 : 1- 
diacctic acid (XVI) gave a condensation product (XLII1) with 
o-phenylenediamilie {a property characteristic of a-ketonic acids), 
and on reduction by sodium amalgam yielded a-hydroxycycfohexanc- 
1 : 1-diaeetic acid (XI,IV), the lactone of which (XLV) was identi- 
fiecl by direct comparison, and by a determination of the mixed 
melting point, with a specimen which had been prepared at an 
earlier date by hydrolysis of the inonobromination product of 
cycfohexane-1 : 1-diacelie acid (Beasley, Ingold, and Thorpe, T., 
1915, 107, 1080) ; 


COXH. 

PH 

(XL11I.) 


o 3 h 10 >c< 


CH(OH)-CU,H 

CH 2 -C<),H 


(XL1V.) 


(XLV.) 


c 5 h 10 >c< 


0H(C0 2 H)*o 
ch 2 — - — CO 


The cyclic diketone (XIV) was found to be mono-enolic, and 
owing presumably to its strongly acidic character it showed littjc 
tendency to combine with scmicarbazide. It reduced alkaline 
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permanganate instantaneously and gave a bright cherry-red colour 
with ferric chloride. On bromination in the presence of water, it 
yielded the bromo -substitution product (XXVI), and with dry 
liquid bromine a dibroino-additive derivative (XLVI), which, on 
warming, lost hydrogen bromide, yielding the dibromo-ketone 
(XLVII). This substance, unlike the monobromo-substitution 
product (XXVI), was not an acid, but, on treatment with cold 
dilute alkalis, it yielded hypobromous add and the monobromo- 
corupound (compare p. #00). Xone of the compounds of the 
scries showed any tendency to combine with water or to exhibit 


any other of the characteristic properties of 
and all on oxidation by permanganate gave 
diearboxylic acid (XLVI II) unaccompanied by 
carboxycyctohexanc-l-acetic acid (L1II). 


cj-Oc 


.CO-CBr, 

" CO-CBrOH 


C S H 10 >C< 


CO-CBr, 


(XLVI.) 


(XLVJl.) 


: 2 : 3-trikctones, 
cyclohexane -I : 1- 
anv trace of 1- 


CO,H 

10 ^c,'v CO - H 

LXLY1IM 


CJl,n>C 


The aconitic acid derivative (XXI) was at once recognised as 
such by its close resemblance to the dimethyl analogue described 
bv Farmer, Ingold, and Thorpe (foe. cif.). Tims it showed the same 
tendency to crystallise in combination with benzene, and an even 
greater tendency to pass into t he corresponding an hydro-acid, the 
remarkable stability of which is easily interpreted on the basis 
of its spirane structure (XL1X). On heating with water, it passed 
into the corresponding itaconic acid (L), just as in the dimethyl 
series, at the same time yielding a very small amount of a saturated 
lactonic acid (LI). On oxidation with alkaline permanganate, it 
passed nearly quantitatively into ryc/ohexane-1 : 1 -diearboxylic and 
oxalic acids. 


C g H 10 >C 


^C(C0 2 H)VH 

^co-o- — 00 

(XLTX.) 


(bH 10 >Cy (XUl 

Cllo-COoH 

(L.) " 


. .CHtOO,H)«Cn-CO,H 
C 5 H 10 ^eC co _ — - 


The only other substance tin* eon.-titmion of which lias not been 
dealt with in the course of the preceding account is the resorcinol- 
iike end (XXXVI or XXXVII). Thai the hydroxyl groups in this 
substance arc in the 1 : 3-posiiions despite the fuel that it aide- by 
hydrolysis of 2:3- or 3 : 4 -d bubs ti Union product follow* because 
on bromination it yields the bromo-onol (XL1 or XLH). and then a 
dibroino-diketonc (LI I) which is entirely non-cnolic, and contains 
labile bromine, hypobionioiis acid ami the nionobromo-enol, 
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being produced by mere treatment with cold alkali. Treatment 
of any of these substances with excess of bromine and alkali results 
in oxidation to bromoform and carboxyci/cZohexaneacetic acid 
(LIII), the yield of the latter being quantitative : 


C,H 1( 


>c< C0 _“? Br * 


CH, 

(Lit) 


CO 


L 5 rt io>C< / ,TT 


+ CHBr 3 


(L1IT.) 


The mono- and di-carboxylie acids (XVII, XVIII, and XIII, 
XV) both yield extremely stable ethyl esters, the former distilling 
in the neighbourhood of 300° under atmospheric pressure without 
any trace of decomposition, as is shown by the fact that the dis- 
tillate, which immediately solidifies in the receiver, has the m. p. 
of the pure recrystallised material. An experiment in which a 
large quantity of the dicarboxylic ester was oxidised in aqueous- 
alcoholic solution with cold ferrieyanide in the presence of excess 
of alkali jdeldcd the interesting result that along with a good yield 
of the semi-quinone (XIV) there was obtained a very small quantity 
of the analogue (XII) of caronic acid, the formation of which in 
the 0t'M-dimcthyl series constituted the principle item of evidence 
for the existence of the bridged bond. 


E X PERI M B >’ T V L. 

(Xote : Substances showing intra-annular tautonicrism arc 
designated by the names of their bridged modifications.) 

Ethyl ~>cyclQhcx{\nvspirodic;jrfo-X l -\x'iiU'i\-3-olA : 2 : 4-trieaib- 
oxylato (Ethyl r>-cyr/ohcxanetf//mxfiVye/opeiitan-3-oiie-l : 2 : 4-tri- 
carboxylate) (VIII, LX) was prepared in the form of its sodi<>- 
derivative by the method described by ingotd and Thorpe (/«■. at.). 
and converted by acid hydrolysis into n-cydohvxiincspirodicycfa' 
])cntan-3-one-l : 2 -dicarboxylic aeid (XIII and XV), hereinafter 
termed " the dibasic acid, ' and .">-n/c/ohexane,s pi rodiajdo-X 1 - 
prnten-3-oi-l-ea rboxylic aeid (o -njchhc xa neA-p i rod icydo\X'nU no- 
one- 1 -carboxyl ie aeid) (XIX and XX), hereinafter termed “the 
monobasic aeid . ’ ’ 

(A). Oxidation of the Di- and Monodniiic Adda with Potassium 
Ferrieyanide. 

Oxidation of the Dibasic Acid : Formation of 5 - eye 1 o H exa n esp i ro - 
cyclo-A 2 -penfen-3-oZ-l : 4-tfione (XIV) (hereinafter called ‘‘the 
1 : 4-diketone ”). — The dibasic acid (10 grains) was added to a 
solution prepared by dissolving 19S grains of potassium fern- 
cyanide and 48 grams of potassium carbonate in 840 c.c. of water, 
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The solution was kept for one hundred and twenty hours at 00° 
in a thermostat and then acidified with hydrochloric acid and 
extracted with ether. The residue obtained on drying and evapor- 
ating the ether at once solidified and was purified by crystallising 
first from water and then from a mixture of ether and ligroin 
(b. p. 40 — 60°) (Found : 0 — 66*46 ; H ■- 6*88. C 10 H 12 O 3 requires 
C = 66*63; H — 6*72 per cent.). 

The substance forms silky needles, m. p. 134*. It is strongly 
cnolic, giving a cherry red colour with ferric chloride, a greenish- 
blue copper salt, and titrating as a monobasic acid in the absence 
of carbonates (Found: M — 178. Calc., J7 -180). It also 
forms an aniline derivative (below). It instantly decolorises cold 
alkaline permanganate, giving o/c/ohexane-l ; l-dicarl>uxylie acid. 

The an Hi no- \ : l-difo-lo/tc, was pro- 

COL \Mirh 

pared by boiling the substance with aniline for about five minutes. 
The product was rubbed with dilute hydrochloric acid and crystal- 
lised from alcohol, from which it separated in orange needles, 
in. p. loti — 151° (Found: (‘ - 75*4: ii -6*9. (PjJIj-O.iX 
requires C - 75*3; H =- 0-7 per cent.). 

The Bromo-l :4-dikttow (XXVI). — This substance, which was 
also encountered as an oxidation product of certain of the halogen 
derivatives of the mono- and di-basic acids, may be obtained by 
rubbing the diketone, m. p. KM 3 , with bromine and a little water, 
using 1*25 times the theoretical quantity of bromine. After half 
an hour, tilt* excess of bromine is removed by the aid of the pump, 
and the pasty mass dried on porous porcelain, and crystallised 
successively from benzene and from a mixture of ether and light 
petroleum. It forms small, pale yellow needles, m. p. 19u — 191" 
(Found : Br 30’7. V 10 H n O 3 Br requires Br — 30*9 per cent,}. 
The substance gave a cherry- red colour with ferric chloride, and 
titration with barium hydroxide and phenolphthalein showed it to 
behave as a monobasic acid (Found : -1/ ~ 25S. Calc., M - 259). 

The Dibromo-triketonr (XLYIf). — This substance was obtained 
by rubbing either the I : 4-diketone, m. p. 134, or its monobronio- 
derivative, m. p. 191, with excess of dry bromine. On removing 
the excess of bromine, a yellow, crystalline solid was obtained 
which could not be crystallised from water or organic solvents 
owing to the ease with which it lost bromine. It was therefore 
crystallised from bromine and was thus obtained as small, yellow 
nodules which decomposed above 100'. It gave no colour with 
ferric chloride and was not acidic, but cold dilute alkalis converted 
it into the inonobromo-com pound described above (Found : Br — 
47*7. O lo H 10 O s Br 2 requires Br 47*3 per cent.). 
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Oxidation of the Monobasic Acid. : Formation of the 1 : 4 -Diketone 
(XIV) and fi'.l-Dicarboxy-fiA-cyclohexaneacrylic Acid (XXI). — This 
oxidation was carried out like the preceding one excepting that one 
hundred and eighty hours were allowed for the completion of the 
reaction. The product was isolated by extraction wit h ot her, ground , 
and thoroughly extracted with cold benzene. 

The 1 : 4-Dikctone (XIV). — The benzene extract yielded this 
substance on evaporation. It was purified by crystallisation from 
water and identified with the previous specimen. 

$:l-Dicarboxy-$-\-cyc\6hexancacrylic Anhydride (XLTX). — The 
solid insoluble in cold benzene was boiled with benzene and tin* 
filtered solution allowed to crystallise. The crystals contained 
loosely combined benzene which was lost at 100° or at the ordinary 
temperature in an evacuated desiccator. After drying at 100", tile 
substance became insoluble in benzene, and on analysis gave figures 
showing that it was the anhydro-acid (Found : C = 59 T ; H — f>\". 
CijHjiOj requires C — oS*i) ; it — 5*3 per cent.). The portion 
insoluble in boiling benzene was the same substance. 

The free tricarboxylic acid was obtained by boiling the anliydm- 
acid with water, hut it could not he fully purified owing to its 
tendency to crystallise in combination with solvents and to the 
fact that solvent of crystallisation and water of constitution 
appeared to be lost more or less simultaneously. It is presumed, 
however, that the product obtained by treatment with water was 
the free tricarboxylic acid from the fact that it was completely 
soluble in benzene and gave approximately enrrer! figures on 
titration with alkali. 

Both the acid and anhydride are unsat united, instantly decol- 
orising cold alkaline permanganate. The principal products on 
oxidation in the usual manner with four atoms <>f available oxygen 
in tiie form of permanganate an* ryr/ohexaiier Hear boxy lie acid and 
oxalic acid. 

cyelo Hurylidon .lucci nir Arid (L).— -This acid is the main product 
which is obtained when the above tricarboxylic acid or its anhydro- 
acid is heated with water in a sealed tube at about 2 h 0 : * for three 
hours. It is nearly insoluble in cold water and crystallises fnuii 
the aqueous solution on cooling and scratching. It forms tine. 

hair-like needles, in. p. 17.r (Found: -tiJKft; H 7-7. 

( 1 i n H u 0 4 requires C Wr.Ti ; K - - 71- per cent.). It instantly 
decolorises cold alkaline pormanganatr*. and gives an odour <■! 
cyclohexane with the warm reagent. 

Lactone of a-// ydroj:y-\-carlto.ry- ( fi-\ -cyeloAc.ru ntxncrinic -lew 
(LI). — The mother-liquors from the unsaturated acid were evapor- 
ated to drynos and the residue was crystallised from a mixture "1 
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ether and Jigroin. It melted at 206° (Found r C = 54*73 ; H = 
5*76. C l0 H 14 O 6 requires C = 54*54; H = 5*83 per cent.), and 
titration in the cold showed it to be a dibasic acid (Found : M = 
242. Calc., M = 242). 

(B). Oxidation of the Di • and Mom-basic Acids by Alkaline 
Permanganate , 

Oxidation of the Dibasic Acid. Formation of a-Kdocyolohexane- 
1 : 1 -diacetic Acid (XVI) and Oxalic Acid. — The dibasic acid (3 
trains) together with potassium carbonate (2 grams) was dissolved 
in water and titrated in the cold with a 3 per cent, solution of 
potassium permanganate. Four atoms of available oxygen were 
absorbed, the last 0*5 atom rather slowly. The oxides of man- 
ganese were collected and extracted with water and steam, and the 
combined aqueous filtrates concentrated, acidified with hydro- 
chloric acid, rendered just alkaline with ammonia, and treated 
with calcium chloride. The calcium oxalate was collected and 
identified in the usual way, and the filtrate acidified with hydro- 
chloric acid and extracted with ether. The residue from the ether 
was crystallised from chloroform and thus obtained as small prisms, 
m. p. 131° (Found : C -- 55*8; H — 6*53; M by titration =s 214. 
C l0 H 14 O 5 , dibasic, requires C — 56*0; H — 6*57 per cent. ; M — 
214). 

The quinoxaline (XLIII) was prepared by dissolving equivalent 
quantities of the ketonic acid and o-phenylenediamine in a little 
alcohol, evaporating to a somewhat smaller bulk, and then cooling, 
when it separated in orange-red needles, m. p. 246" (decomp.) 
(Found : X = 9'6S. C 16 H 38 0 3 X 2 requires X — 0*86 per cent.). 

Reduction to at - II yd roxycyc 1 ok exa rt c - i : 1 -diacetic Acid (XLIY). — 
The ketonic acid was reduced in aqueous solution with a large 
excess of 4 per cent, sodium amalgam, carbon dioxide being passed 
through the liquid throughout the process. The liquid was acidified 
and exhaustively extracted with ether. The product rapidly 
solidified on seeding with a crystal ( Bees ley. Ingold, and Thorpe, 
loc. erf.) of the lactone of the above hydroxy-acid, and was then 
crystallised from a mixture of benzene and light petroleum and 
identified by the method of mixed melting point. 

Oxidation of the Monolxisic Acid. Formation of a- Adocyclo- 
hexancA : 1 -diacetic Acid (XYf). — This oxidation was carried out 
like the preceding one excepting that live atoms of available oxygen 
were employed. Oxalic acid was not obtained, and the acid 
extracted with ether contained gummy impurities, which were 
removed by converting into the calcium salt, washing this with 
alcohol and other, and then regenerating the acid. It was identified 
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by direct comparison with the substance obtained from l he dibasic 
acid (above). 

(C). Halogen Derivatives of the Di- and Mono-basic Acids. 

4 - Bromo - 5 - cyclo/i&zanespirodicyclo - A 2 - penten- 3 - 61 - 1 : 2 - dicarb ■ 
oxylic Acid (4- J Bro^io-5*cyclo/i€xanespirodicyclopento)i*3-one-l : 2- 
dicarboxylic udet'd) (XXII and XXIII) (hereinafter called ‘‘the 
monobromo-dibasic acid ”). — The dibasic acid (2 grams) was 
dissolved by warming in acetic acid, and the solution treated at 
40 — “>0° with 1*2 times the theoretical quantity of a 10 per cent, 
solution of bromine in acetic acid. The solution became colourless 
after a short time and was then allowed to evaporate at the ordinary 
temperature. The crystalline residue was purified by crystallisation 
from a mixture of ether and benzene, from which it separated in 
small prisms, m. p. 197 — 198° (Found : Hr — 2.r3. 0 12 H 13 0 s Bi 
requires Br -- 25*2 per cent.). It gives a deep red colour with 
ferric chloride. 

2:4- Dibromo * 5 - eye lo/i exa n espi rod icyc lo pc nta n - 3 - on* -1 : 2 -dl- 
carboxylic Acid (XXIV) (hereinafter called “ the dibromo-diba-sii 1 
acid : ‘). — The dibasic acid (2 grains), dissolved in 30 c.e. of glacial 
acetic acid, was treated with 1\> times t he* theoretical amount of a 
10 per cent, solution of bromine in acetic acid, and then saturated 
with dry hydrogen bromide. After keeping for forty-eight hours 
at the ordinary temperature, the solution was evaporated at tin- 
ordinary temperature and the crystalline residue puritied by crystal- 
lisation from chloroform or a mixture of ether and benzene. The 
acid, m. p. 217 — 218 (Found : Br 40*1. C 1 ,>H 12 O r) Br.> requires 
Br = 40*4 per cent.), gives no colour with ferric chloride, which 
converts it into an insoluble iron salt. 

4 --ftrowo-o- cyclop. raw/ spirodicyelu- A 2 - pcntf-n-il-ol - 1 carboxylic 
Acid (A-Bromo-o-cyAohfxanespivoiihyclopnitan-S-one-l-carboxylif 
Acid) (XXVII and XXVII l) (hereinafter called “ the monobromo- 
monobasie acid This substance was prepared from the mono- 
basic acid just as the monobromo-dibasic acid was from the dibasic 
acid. The crystalline product was purified by crystallisation first 
from a mixture of ether and ligroin and then from ether. It forms 
needles, m. p. 197 — 198 (Found : C — 4S*f>; U 5*1. t'nH^OjBr 
requires C 48*0; H = 4 8 per cent.). 

2 : 4-/>f6rowo-5'Cyclo^ca p an<spirodicyelo-A“-p# nUn - 3 - ol - 1 -carb- 
oxylic Acid (2 : 4-j5t6rowo*.j-c\'cIo/<fjv//if.spirodicycIo/x , w^;H-3-m^* 
l-carboxylic Acid (XXIX and XXX) (hereinafter called ” the 
dibromo -mono basic acid ,? ). — The monobasic acid (2 grams) was 
dissolved in chloroform and treated wilh 12 times the theoretical 
amount of a .7 per cent, solution of bromine in chloroform. Wink* 
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the first half of the bromine solution was being added the solution 
was shaken vigorously until decoloration took place. The second 
half was added in one lot and the solution kept in the dark for 
sixteen hours, after which the solvent was evaporated at the 
ordinary temperature, and the product crystallised from a mixture 
of ether and ligroin. The separation of admixed mono- and tri- 
bromo-dcrivatives is a matter of some difficulty, but having 
fortuitously obtained a pure specimen (m. p. 152 — 153°) of the 
dibroino-acid it is usually possible to seed it out from solution in 
moderately good yield (Found : (• - -- 37*8 ; H — 3- 53. C n H 12 0 3 Br 2 
requires V ~ 37‘5; H --- 3 44 per cent.). 

2:2: 4- Tribromo - 5 - tyxlo^c.mHe.spirodityclo/M:j>dtf ?i-3 -owe -\- carb- 
oxylic Acid (XXXI 1) (hereinafter called “ the tribromo-monobasic 
acid ”). — This substance was prepared from the monobasic acid 
just as the dibromo- dibasic acid was from the dibasic acid, excepting 
that the quantity of bromine used was 1*25 times the theoretical. 
The product was crystallised from a mixture of ether and ligroin, 
from which it separated in minute prisms, in. p. 103 — 165° (Found : 
Br ~ 55*04. ( 1 ll H 11 0 3 Br, requires Hr 55*80 j)er cent.). 

(1)) Oxidation of the Five Bromo-acids by Furicyanide, 

Ox idol ion of the Monobmmo-dibadc Acid : Formation of the 
1 :4 -Diketone (XIV) and 1) ica rboxycyc 1 oh era wacryl ic Acid (XXI). 
—A solution of the monobromo-diba-ie acid (1 *25 grams), potassium 
ferri cyanide (25 grams), and potassium carbonate (8 grams) in 
100 c.c. of water was kept at On* for forty-eight hours, cooled, 
acidilied with hydrochloric acid, and extracted with ether. The 
product was separated and identified exactly as described on p. SCO. 

Oxidation of the Dihromo-d ifxmic Acid : Formation of the Bromo- 
1 : 1-dilcdone (XXVI). — A solution of the dibromo-dibasic acid 
(1*5 grams), potassium ferrieyanide (25 grams), and jxuassium 
carbonate (8 grams) in lint c.c. of water was kept at Ou* for one 
hundred and twenty hours and the acid product isolated in the 
usual way. After one crystallisation from benzene, it melted at 
190 -191°, and did not depress the in. p. of the previous specimen 
of bromo -diketone (.1/ by titration 259. Calc., .1/ = 25N). The 
yield was nearly quantitative. 

Oxidation of the Monobromo- monobasic Acid : Formation of the 
1 'A-Diketonc (XIV) and D ica rboxycyc lohrxa n eacryl ic Acid (XXI). 
— A solution of the inonobromo-monobasic acid (1*25 grams), 
potassium ferrieyanide (25 grams), and potassium carbonate 
(8 grams) in 100 c.c. of water was kept at 00* for eight hours and 
ihc products of oxidation were isolated, separated, and identified 
as described on p. 866. 
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Oxidation of the Dibromo -monobasic Acid : Formation of the 
Bromo-l : 4-diketone. (XXVI) and Bromodicarboxycyclohexane- 
acrylic Acid (XXXI). — The dibromo-monobasic acid (1*5 grams), 
potassium ferricvanide (25 grams), and potassium carbonate (8 
grams), dissolved in 100 c.c, of water, were heated at 00° for six 
hours and the products of oxidation isolated as usual by extraction 
with ether and then dried at 100 9 . On extraction by boiling 
benzene, a considerable quantity of the bromo-l : 4-diketone 
crystallised from the solution on cooling (Found : Br = 30*8 per 
cent.; -31 = 258 by titration; m. p. 191°), whilst an insoluble 
residue consisting of x-bromo-$ : l-dicarboxy-fi-GyclohemncacryUc 
ankydro-acid remained. This substance separated from ether as 
microscopic prisms, m. p. 155 — 158° (decomp.) (Found : Br = 
26*4. C 11 H 11 0 5 Br requires Br = 20*4 per cent.), and at once 
decolorised cold alkaline permanganate. It was not found possible 
to isolate the free tricarboxylic acid. 

Oxidation of the Tribromo-monobusic Acid .* Formation of the 
Bromo-l : ±-diketone (XXVI). — The tribromo-monobasic acid (15 
grams), potassium ferricvanide (25 grams), and potassium carbonate 
(8 grams), dissolved in 100 c.c. of water, were heated for eight 
hours at 00° and the product was isolated as usual by extraction 
with ether. Crystallised from benzene, it melted at 190 — 191' and 
was identified as the bromo-diketone. The yield was nearly 
quantitative. 

(E). Action of Boiling Alkali on the Five Bromo-acids. 

Hydrolysis of the Monobromo- monobasic Acid : Formation of 
1 : 3-Dikydroxy-o-cyAohf:xaites\nvodk‘yc\o-X 1 -pi ntene (XXXVI and 
XXXVII) (hereinafter called '* the l : 3-dihydroxy-compound "}. 
— The monohromo-monoba.de acid was boiled with 5 per cent, 
aqueous potassium hydroxide (4 mok) for two hours. The liquid 
was cooled, extracted with ether, acidified with hydrochloric acid, 
and again extracted. The residue from the second extract quickly 
solidified and was crystallised first from ether and then from 
chloroform, from which it separated in prisms, m. p. I TO — ISO 
(Found: 0 = 72*0; II -- S*8. requires 0 = 72*3; 

H = 8*5 per cent.). 

The 1 : 3-dihydroxy-eompound is st rowdy cnolic, giving a marked 
red colour with ferric chloride and a blue copper salt. It liberates 
carbon dioxide from alkaline hydrogen carbonates and on titration 
in aqueous solution with carbonate-free alkaline hydroxide it gives 
figures which indicate an appreciable acidity for the second enol 
residue, and on titration with sodium cthoxidc in alcohol fairly 
accurate di basicity values are obtained. It does not react with 



the chemistry oe polycyclic structures, etc. PART IV. 871 

hydroxylamine, phenylhydrazine, or semicarbazide in acetic acid 
solution, but in “ coupling ” reactions it behaves in alkaline solution 
in the normal manner of a “ second component/’ giving brick-red 
azo-dyes with diazotised aniline, sulphanilic acid, etc. 

Oxidation to 1 - Carhoxycyc lohexane- 1 -acetic Acid (LIII). — The 
1 : 3-dihydroxy-coin pound (1*0 gram), dissolved in a small excess 
of sodium hydroxide, was treated at 0° with bromine (1 c.c.), 
dissolved in just sufficient sodium hydroxide to give a colourless 
solution. A cloud of brornoform soon appeared, and the solution 
was then warmed until clear, cooled, acidified with hydrochloric 
acid, and extracted with ether. The residue from the extract was 
crystallised from water, from which it separated in stout needles, 
in. p. 132 — 133° (Found : 0 = 58*0; H — 7*5. Calc., C — 58*0; 
H =s 7*5 per cent.). It was identified by comparison with a speci- 
men recently prepared by a different method by Mr. Dickens of 
this laboratory. 

Bromination to the 2-Bromo-l : 3 T ih ydrovy-eom pou a d (XLI and 
XL.1I). — The 1 : 3-dihydroxy-compound (1*5 grams) was dissolved 
in chloroform and treated with a chloroform solution containing 
2*2 atoms of bromine. After keeping over-night, the liquid was 
evaporated and the product crystallised from ethyl acetate. It 
gives an intense blood-red coloration with ferric chloride and on 
titration with alkali behaves like the 1 : 3-dihydroxv-compound. 
It melts with decomposition at 244" (Found : Br = 32*7. 
C’iqH igO.»Br requires Br — 32*(J per cent.). 

Hydrolysis of the D i bromo ■ mo nobasic Acid : Formation of the 
±.Brom-\ : 3 -dihydroxy -com pound) (XXXVU1 and XXXIX). — The 
di bromo -monobasic acid (1*5 grams) and potassium hydroxide 
(1*0 gram) were dissolved in 20 e.e. of water and boiled for one and 
three-quarter hours. The product was extracted with ether, 
acidified with hydrochloric acid, and again extracted with ether. 
The neutral extract contained a small quantity of a volatile sub- 
stance with a camphor-like odour, but there was not sufficient for 
purification. The acid extract yielded a solid residue, which after 
crystallisation from a mixture of other and ligroin melted at 
228- 229 J . This melting point was depressed by the addition of 
a small amount of the isomeric bromo-dihydroxy -compound 
(m. p. 244') mentioned above, and the two compounds differed in 
other respects, for example, in the intensity of the colour with 
ferric chloride, the more fusible isomeride giving a colour of only 
moderate depth (Found: Br - 32*7. C^H l:? 0 2 Br requires Br - 
32*6 per cent.). 

Hydrolysis of the Tribromo-mom>ba*ic And : Formation of the 
--ftromoA : 3-dihijdrory-compmuid (\I,T and \ I.II).- The tribromo- 
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monobasic acid was boiled for two hours with a 10 per cent, excess 
of 5 per cent, aqueous sodium hydroxide. The acid product was 
isolated as in the preceding example and crystallised from ethyl 
acetate. It was identified by direct comparison with a specimen 
of the same substance prepared by direct bromination, and by 
oxidation. 

Oxidation to 1 - Ca rboxycye\oJicxan e - 1 -acetic Acid (L11I). — This 
oxidation was carried out like that described on p. 871, 15 grams 
of the bromo'dihydroxy-compound being used for 1 c.c. of bromine. 
The acid was identified by titration (JI — 186. Calc., M - 186} 
and bv direct comparison and a mixed melting point determination 
with an authentic specimen. 

Hydrolysis of the Monobromo-di basic Acid : Formation of the 
l : S-Di ketone (XXXVI and XXXVll),- -The hydrolysis of the 
mono bromo- dibasic acid was carried out exactly like that of tin* 
uionobromo- monobasic acid, aud the product was isolated, purified, 
and identified in the same way. 

Hydrolysis of the Dibromo-dibasic Acid : Formation of the 2- 
Bromo- and 4 -Bromo-dcri vati irs of the 1 : 3 - D i h yd roxy-co m pound. 
— This hydrolysis was conducted like that of the trihromo-mnno- 
basic acid and the product isolated in the same way. The product, 
on rubbing with cold ethyl acetate, yielded the 2-bromo-l : 
dihydroxy-compound, which was finally purified by crystallisation 
from the same solvent. The ethyl acetate extract on evaporation 
gave a semi-solid residue, which was drained for several days on 
porous porcelain, ami then extracted with a warm mixture of equal 
volumes of ether and light petroleum. The solution, on cooling, 
deposited the 4-bromol : Ihdibydroxy-com pound. The two iso- 
merides were identified by direct comparison and by determination 
of mixed melting points with genuine specimens. 

(F). The Esters of the Mono- and i)i-hadc Adds. 

Ethyl Ester of the Monobasic Acid . — The acid {5 grams) was 
heated with 20 c.c. of ethyl alcohol and 7 c.c. of concentrated 
sulphuric acid until a clear solution was obtained. Heating was 
then continued rm the steam-bath for eight hours, and the product 
poured into water, and separated by ether and sodium carbonate 
into neutral and acid fractions. The acid fraction gave Do gram 
of unchanged acid, whilst the neutral fraction yielded a crystalline 
residue, which in the crude state melted at till — 6;V. After crystal- 
lisation from light petroleum, it melted at 04*5 — (>.V and the m. p. 
was not altered by further crystallisation. The easiest wav to 
purify the ester, however, is to distil it at ordinary pressure, whoa 
it boils at 295 J without decomposition, ami solidifies in the receiver 
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to a colourless, crystalline mass, m. p. 64*5— 65° (Found : 0 = 
70*35; H = 8*l. 0 13 H 18 0 3 requires C = 70‘3; H = 8*1 per 

cent.). Boiling with hydrochloric acid hydrolyses it to the original 
acid. 

The semicarbazone , prepared in aqueous-alcoholic solution from 
the ester and semicarbazide acetate, separated from alcohol in 
needles, m. p. 183—185° (Found ; C = 60*0; H — 7*6. C 14 H 21 0 3 lS r 3 
requires C = 60*2 ; H = 7*5 per cent.), 

Diethyl Ester of the Dibasic Acid.— A mixture of o grams of the 
acid, 20 c.c. of ethyl alcohol, and 7 c.c. of concentrated sulphuric 
acid was heated on the steam- bath for eight hours. The ester was 
isolated in the usual way and purified by distillation. It is a 
colourless oil, b. p. 236 — 238°/20 mm., and gives a red colour with 
ferric chloride. It is soluble in concentrated aqueous potassium 
hydroxide, giving a yellow solution, from which the original dibasic 
acid can be recovered after acidification (Found : C — 65*1 ; 
H = 7*6. C 16 H 2 /) 5 requires C — 65*3; H = 7*5 per cent.). 

The semicarbazone , prepared like that mentioned above, separated 
from alcohol in colourless needles, m. p. 121 — 123 c (Found : C = 
,)8*0; H -- 7*0. C 17 H 45 0 5 X, requires 0 58T ; H — 7*1 per 

cent.). 

Oxidation of the Monocthyl Ester by Permanganate. — The ester 
(5 grains), dissolved in acetone, was treated with a solution of 
potassium carbonate (3 grams) in water and one of potassium 
permanganate (0 grams) in the minimal quantity of 75 per cent, 
acetone. The mixture was kept for twenty-four hours, evaporated, 
and filtered. The oxides of manganese were treated with steam, 
and the combined aqueous filtrates were acidified, concentrated, 
and extracted with ether. The residue from the extract was boiled 
with hydrochloric acid, and the product extracted with ether and 
crystallised from chloroform. It was identified as x-ket ocyclo- 
hexane- 1 : 1 -diuretic acid by direct comparison with an authentic 
specimen, and by the formation of the quinoxaline previously 
mentioned. 

Oxidation of the Diethyl EsPr by Perma mja nate . — This experi- 
ment was carried out like the last, and the product (a-kcton/c/o- 
hexane-1 : 1-diaectie acid) isolated and identified in the same way. 

Oxidation of the Monocthyl Ester by Ferricya n uh .—The ester 
(3 grams) was dissolved in 50 per cent, ethyl alcohol and treated 
with successive tenths of a solution prepared by dissolving 50 grams 
of potassium ferrieyanide and 100 grains of potassium hydroxide 
in 500 c.c. of water. The ten lots were added with an equal volume 
of alcohol every twelve hours, the solution living kept at O'. It 
was then kept at the ordinary temperature for two days, and there- 
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after acidified and extracted with ether. The residue from the 
ether was hydrolysed with hydrochloric acid, and the products of 
hydrolysis were separated and identified as the 1 : 4-diketone and 
dicarboxycyciohexaneacrylic anhydro-acid in the manner described 
on p. 866. 

Oxidation of the Diethyl Ester with Ferricyanide . — This experiment 
was carried out like the preceding one and the products of oxidation 
were isolated and hydrolysed in the same way. The products of 
hydrolysis consisted almost solely of the 1 : 4-diketone, but on 
extracting this with successive small quantities of a mixture of 
benzene and ligroin a small residue was obtained which gave 
scarcely any colour with ferric chloride and melted at about 150 — 
17o a . After crystallisation from water, it melted with decomposi- 
tion at 196 — 198°, and gave no trace of colour with ferric chloride, 
and although the quantity was too small for analysis there is 
scarcely room for doubt that it was the cis-form of cyclohexane. 
5j)irofyclopropancdicarboxylic acid (XII), because it did not lower 
the m. p. of a genuine specimen of that substance and also gave 
almost correct value on titration (Found : M = 201. Calc.. 
M 198). 

We wish to thank the Royal Society for a grant which has largi-lv 
defrayed the cost of this investigation. 

Imperial College of Science and Tkchnolugy, 

South Kensington, S.W. 7. Ft kraut- y H 1 :' . . 


CIV. — -Studies in Organic < 'om pounds containing 
Sulphur. Part L The Ejjtd on Central Absorp- 
tion due to the Vale net/ and Mode l.inkwjc of 
the Sulphur Atom. 

By David Templeton Gibson, Hi gh (Ikaga.m, ami James 1!n: . 

Several series of open-chain and ring compounds containing 
sulphur have been examined spectrographieally. In this paper, 
the valency and linkage effects are considered in relation to absorp- 
tion spectra, whilst in a further communication it is proposed t-> 
deal with the effect of tautomeric change on the absorption et 
organic sulphur compounds. 

The following compounds, in which sulphur is present in tin' 
molecule as a number of an open chain, were examined; diphenyl 
sulphide, diphenyl disulphide, dibenzvl sulphide, and their snlple 
oxides and sulphories; inmenesul phinie acid and its sodium 



ORGANIC COMPOUNDS CONTAINING SULPHUR. PART I. 875 


salt; and phenyl methyl sulplione, The ring compounds studied 
were 1 : 4-dithian (diethylcne disulphide), diethyleno disulphoxide, 
1 : 4-thioxan, thianthren, and thianthren monosulphoxide. The 
substances were prepared by the known methods. For a sample 
of thianthren monosulphoxide we are indebted to Professor Smiles. 
The substances were all carefully purified before use. Alcoholic 
solutions were used for spectrographic examination. The iron arc 
was the source of radiation. 

The effect on general absorption of compounds, in the molecule 
of which sulphur forms part of a chain, will be considered first. 
We must therefore select a part of the spectrum removed from the 
handed region to avoid the interference of factors which have an 
influence on selective absorption. On examination of the absorp- 
tion curves of the series diphenyl disulphide, diphenyl disulphoxide 
and diphenyl disulphone, it is seen that the absorptive power of 
diphenyl disulphide is much greater than that of the disulphoxide, 
and the disulphoxide is markedly more absorptive than the disul- 
phone (Fig. 1), the limits of absorption being 2850, 3150, and 3400 
oscillation frequencies at logarithm of relative thickness 4’0 of 
J//' 100,000-sol ut ion for the disulphide, the disulphoxide, and 
disulphone, respect ively. 

If the disulphide is represented by formula (I), 
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(I.) 
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the presence of residual valency being indicated by means of the 
dotted lines, it will he seen that the centre of residual valency 
represented by the two sulphur atoms is conjugated with the 
benzenoid centres of unsaturation. If the disulphoxide be 
represented in a similar manner (11). examination of the formula 
will show that there is present in the molecule what Thiele called 
a system of " crossed double bonds." 

An exhaustive study of the influence of conjugated unsaturated 
groupings of the types >C-T< . >(—0. and 1>C~X — on 
general absorption has been made by Crumble. .Stewart, Wright, 
and Gicmlinmng (T., 1911, 99, 451), Crymble, Stewart, Wright, 
and Ilea <(/., 1200). and Macbeth, Stewart . ami Wright (T. . 
1912, 101, 599), who have shown that a substance containing a 
single straight system of conjugated bonds in the molecule has an 
absorptive power greater than that of one containing a system of 

crossed double bonds." 

Keverting to diphenyl disulphoxide. the union of two oxygen 
atoms with the two sulphur atoms creates two new centres of 
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unsaturation, whilst the unsaturation between the sulphur atoms 
is not completely destroyed. These new centres are llso con- 
jugated with the centres of unsaturation in the benzene nuclei. 
Thus the introduction of “ cross conjugation ” into the molecule 
leads to decrease of general absorption. 

Consider now the case of the further oxidation product, namely, 
the disulphone (formula III). In this molecule the effective change 
from the disulphoxide is the replacement of a centre of unsaturation 
between two sulphur atoms by a side chain sulphur-oxygen centre 
of unsaturation. In other words, there is an increase of “ crossed 
unsaturation ” conjugated with the benzene nuclei. One would 
therefore expect this substance to show weaker general absorption 
than either the disulphide or the disulphoxide. Inspection of the 
curves (Fig. 1) shows that this expectation is realised. 

Extending these ideas to diphenyl sulphide and its oxygen 
derivatives, if we regard the sulphur atom of diphenyl sulphide 
as a centre of residual affinity, we have in this case also a straight 
chain of conjugated centres of unsaturation (formula IV), and in 
the sulphoxide (V) and sulphoiie (VI) molecules ” crossed " systems 
of conjugation. The relative general absorptive powers of the 
three compounds of this series are in the same order as in the di- 
sulphide series, that is, the sulphide shows greater general absorption 
than the sulphoxide, and the sulphoxide is more absorptive than 
the sulphone. 



(IV.) 



(V.) 


\ 




(VI.) 


To put these ideas to a further test we have examined dibenzyl 
sulphide, the sulphoxide, and the sulphone. In these molecules 
the sulphur centre of unsaturation is isolated from the benzene 
centres by the interposition of saturated methylene groups. There 
is no conjugation in these cases, and examination of the absorption 
cunes (Fig. II) shows that the differences in general absorption 
are not so marked as in the cases already examined, and the order 
of relative absorptive power no longer holds. With the elimination 
of the predominating iniluence of conjugation the effects due to 
other influences are apparent. 

Turning to the compounds in which sulphur is present in the 
molecule as a ring member, comparison of the absorption curves 
of 1 : 4-dithian and its disulphoxide (Fig. 4) shows that the latter 
is the more absorptive, the limits of absorption in oscillation fre- 
quencies being 3440 and 3760 for the disulphoxide and dbulphhk't 
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respectively, at 5-8 log. of relative thickness of -MOO 000- 
solution. J 

On examination of the curve of thianthren and thianthren mono- 
sulphoxidc (Pig. 4), in which sulphur atoms also occupy positions 
in a ring system, it is found that the same relationship holds. 
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1 : 4-thioxan is the same as that of 1 : 4-dithian except that a 
sulphur atom has been replaced by an oxygen atom. Comparison 
of the curves {Fig. 4) of these two compounds shows that i : 4- 
thioxan is the more absorptive at the higher concentrations. 


Fig. 3. Fig. 4. 
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Purvis, Jones, and Tasker (T., 1910, 97, 22^7), from an oxoniiiv 
ation of several series of thio-com pounds, have shown that 
replacement of oxygen by sulphur pauses a marked increase in the 
absorptive power of a compound. The ring emu pi muds 1 : 4-difiiiaii 
and 1 : 4-thioxan, therefore, are also anomalous cases. 
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On account of these variations from the general rules as judged 
by comparison with open -chain compounds, it is of interest to 
consider here some of the other properties of these ring compounds 
and their derivatives. 

Masson (T. } 1886, 49, 233) and Mansfeld (Ber., 1886, 19, 700) 
found that 1 : 4-dithian behaves abnormally in certain respects, 
por example, in the presence of a large excess of boiling methyl 


Fig. u. 
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iodide it yields the mono-additive compound only and not the 
di-compound as would be expected. 

Clarke and Smiles (T,, 1000. 95, 004) have studied the properties 
of diet hoxv thioxan. They find that this sulphide has not the 
properties of a substance in which bivalent sulphur is united to 
saturated hydrocarbon groups; it does not combine with mercuric 
halides, and the addition of alhvl iodide proceeds extremely slowly. 

The anomalous eharaeter of 1 : 4-thioxan ami 1 : 4-dithian was 
further shown by Clarke (T.. 1012. 101. ITttO. mIkj found that the 
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replacement of one of the sulphur atoms of 1 : 4-dithian by oxygen 
causes a great decrease in the reactive power of the sulphur atom 
remaining as measured by the velocity of combination with bromo- 
acetophenone. 

It is clear from the evidence given that in these compounds 
chemical reactivity and absorption spectra are closely associated. 
We are at present preparing other cyclic compounds containing 
sulphur in the ring and allied compounds for fuller spectrographic 
examination, and hope to throw some light on this interesting 
question of residual affinity and the mutual influence of unsaturated 
atoms on one another. 

Let us now consider some other aspects of the subject. 

When the absorption curves of a series of compounds such as 
diphenyl sulphide, its sulphoxide and sulphone arc compared 
{Fig. 2) in the banded region, it is interesting to note the effect on 
selective absorption due to the different stages of unsaturation nf 
the sulphur atom. 

The curves of this series show, with increasing saturation of the 
sulphur atom, gradual development of effects due to the benzene* 
nuclei: thus comparing the curves of the sulphide and sulphone 
(Fig. 2), it is seen that the sulphide shows general absorption only, 
whereas the sulphone exhibits a band of small persistence in the 
region 3800 4000 oscillation frequencies which is the region of the 
characteristic benzene bands. Examination of the curves of 
diphenyl disulphide and its sulphone shows that the trend of the 
change in absorption is of a similar nature, although no band i> 
developed in the case of this sulphone. only rapid extension being 
apparent in the benzene band region. 

It seems probable that the alteration of the vibrations in the 
benzene nucleus, which give rise to selective absorption, is due iti 
part to the residual affinity of the sulphur atom in the molecule. 
Fox and Pope (T., 1913, 103, 1203) have arrived at a similar con- 
clusion from a comparative study of corresponding oxygen and 
sulphur derivatives of benzene such as phenol and thiophenol. 

We have further studied the absorption spectra of the; series uf 
compounds benzenesulphinic acid, sodium bcnzenesulphinate, 
phenyl me thyl sulphone. 

The absorption curves of these substances are of interest in view 
of their bearing on the constitution of benzenesulphinic acid. 
Smiles and J>e Kossignol (T„ 190fi, 89, (iitfi) state that this acid 
reacts in acid solution according to formula (VII), whilst the sodium 
salt behaves as ( \ III). 
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The evidence of the absorption curves of these compounds is 
in accordance with this view. Benzenesulphinic acid, which con- 
tains an unsaturated sulphur atom in the molecule, shows general 
absorption (Fig o); on the other hand, benzenesulphonic acid 
(Wright, T., 1914, 105, 673) and phenyl methyl sulphone, whose 
molecules contain fully saturated sulphur, show selective absorption 
(Fig. 3). Sodium benzencsulphinatc also shows a shallow band. 

Conclusions, 

(1) A substance containing in the molecule unsaturaled sulphur 
in "straight chain conjugation ” with benzene centres of unsatur- 
ation shows greater general absorption than a similar substance into 
the molecule of which “crossed conjugation ’’ has been introduced. 

(2) Certain compounds in which sulphur is present in the molecule 
as a member of a ring system show anomalous general absorption 
compared with open-chain compounds. 

(3) The residual affinity of a sulphur atom in a molecule is account- 
able, in part, for the alterations of those vibrations of the benzene 
nucleus which give rise to selective absorption. 

We wish to express our thanks to Professors Stewart and Smiles 
for the interest they have shown in this work, and to the Research 
Fund Committee of the Chemical Society for a grant. 

King’s College, Sir Donald Cvrkje Lau'-haioiuo, 

London. Queen's University, Belfast. 

[R'cnvr-h Mirth 1923 .] 


CV. — Isolation of tin. Oxide- of a Xnv hlnncnt. 

A ('omet ion. 

By Alexander Si ott. 

In the short paper (this vnL p. 31.) in which I dr-M/ribcd what 
seemed to be the oxide of a new element I mentioned that I had 
offered to send my preparations to Drs. Colter and Hevisy for 
examination hy them by means of A- ray spectral analysis and for 
comparison with their oun. They replied very kindly that they 
would gladly do so and accordingly I »ent to Copenhagen all that 
remained of the pale buff -coloured powder labelled “ Xew Oxide 
ami all the, cinnamon-coloured oxide recovered from the atomic 
weight determination by means of the fluoride (in each case between 
0*3 and 0 4 of a gram) together with some of the original Xew 
■Zealand sand. 

The result of their first examination, which I communicated to 
he Society at its meeting on February loth, was to the effect that 
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they had been unable to detect any of the hafnium lines in any of 
my specimens. 

They have since subjected my specimens, and especially the 
oxide from the fluoride, to a most searching and prolonged exatnin- 
ation both by means of A'- ray and by optical spectral analysis in the 
hope of finding in them some of the other missing elements, and in 
particular that of atomic number 75, but without success. They 
conclude as the result of their examination that the chief con. 
stituents are oxides of iron and titanium along with traces of other 
elements, all previously known. 

I received their tinal report on March 19th, having received the 
preparations a few days previously, and at once set to work to 
unravel the mystery. 

The cinnamon-coloured oxide which remained weighed 0*l?tj;j 
gram and was fused with sodium bisulphate, in which it went 
entirely and easily into solution. The melt was dissolved in water 
and boiled, when there separated out 0*159 1 gram apparently nr 
titanium dioxide having a faint lemon tint, and from the filtrate 
0*0097 gram of oxides was precipitated by ammonia, thus aecountin: 
for 0*1(388 gram of the quantity* taken. Tin* precipitate produced 
by ammonia had only a faint brown tint and looked like alumina 
containing a minute quantity of iron. The whole was once more 
brought into solution by means of fusion with sodium bisulphate 
and the iron (estimated coloriinetrioally) amounted to O'UOll 
gram of ferric oxide. 

In order to prepare the specimen used for the atomic weigh: 
determinations (this vol., pp. 311 and 312), 1 gram of the ; * V.v 
Oxide ” was taken and to it was added pure potassium carbonate 
in slight excess above the amount which would lx* required for tin- 
formation of the double fluoride, on the assumption that the atomic 
weight of the new element was 175. Kxcess of hydrofluoric acid 
was added, when all went into solution on the water-bath. The 
solution was allowed to cool and settle in a deep platinum crucihl* . 
when a fairly large quantity of potassium silicofluoride separated uui 
The transparent nature of this precipitate and its almost invisibility 
in a platinum vessel led to its amount being under-est iniand & 
the time. Its importance, however, became apparent when the 
cause of the high atomic weight value came to be sought for. & 
weight was 0*7225 gram. 

The solution separated from the potassium silieofluoride wasc** 
evaporated down and, on cooling, characteristic scaly crystal; 
separated out which, after pouring nlT the* mother-liquor, wri ‘ 1 
washed with cold water and dried at. l<m . iV weight of t-b 
fraction was 0*615 gram. 
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The mother-liquors when concentrated again gave the scaly 
crystals on cooling and the addition of a small quantity of alcohol 
produced a further separation of crystals which under the microscope 
seemed to be exactly similar in form to those from the aqueous 
solution. The whole was therefore evaporated to dryness and was 
found to weigh 0-780 gram. 

This last fraction was deliberately chosen for the first deter- 
mination of the atomic weight, as it was anticipated that the results 
would undoubtedly err on the side of being too low rather than too 
high because of the presence of fluorides which were assumed to 
be those of potassium and sodium. 

The results are those already given (this vol., p. 312) in which 
0-7752 gram of salt gave 0*4007 gram of oxide. 

It was not until the purer fraction of crystals was similarly treated 
in order to get a more accurate atomic weight for the element that 
any doubt suggested itself as to the nature of the oxide. Two 
determinations were made by the same method, namely, treatment 
of the salt with strong sulphuric acid, the excess of acid driven off, 
followed by prolonged ignition alone and finally along with 
ammonium carbonate to decompose the sulphates of the titanium 
group. The oxide was then washed free from potassium sulphate 
and weighed. 

In the first experiment 0-2216 of salt gave 0*0820 of oxide and 
in the second „ 0*3724 ,, ,, ,, 0*1361 ,, „ 

0*5940 of salt gave 0*2181 of oxide. 

This equals 36 7 per cent. 

K 2 TiF c would give 33*3 per cent, of TiO>. 

K,ZrF 6 „ „ 43*3 ,. Zr()‘,. 

In the first experiment, on the addition of ammonia to the 
potassium sulphate solution a small quantity of a brown precipitate 
came down which was identified as ferric hydroxide. In the 
second, the ferric hydroxide was collected and weighed as ferric 
oxide. Its weight was H-0U43 gram. Jf the proportionate amount 
be added for the first experiment, this would make the ferric oxide 
in the 0*594 gram of salt 0*0009 gram. 

The potassium silicolluoride when similarly treated with sulphuric 
icid gave only 0*0051 gram of TiU 3 precipitated by boiling and 
>0053 gram on the addition of ammonia, that, is 0*0104 gram in all. 

The large amount of potassium silicoriuoride. which was not 
hied and weighed until some days after the first atomic weight 
determinations were made, gave the due tn the mystery of the 
M 1 atomic weight obtained. 
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It had been assumed that no silicate could have withstood the 
fusions to which the “ New Oxide ” had been subjected and that 
the pale buiTcoloured powder remaining was an oxide or mixture 
of oxides. The formation of the insoluble potassium silicofluoride 
removed so much potassium from the solution that the final fraction 
used for the atomic weight consisted of double fluoride mixed with 
fluorides, not of potassium and sodium, but of iron and titanium, 
and these latter yielded no potassium sulphate, but only the 
insoluble oxides. This therefore gave tile unduly high atomic 
weight, which seemed to be all that was required to prove that 
the New Oxide M was that of the element of atomic number 72. 

The amount of SiO^ corresponding to 0 7225 gram of K 2 SiF ti is 
O’ 107 gram. This is too high, as there was, as usual, a small quantity 
of hydro fluosilicie acid in the hydrofluoric acid employed. An 
experiment with a small quantity of '* iJew Oxide ’ and pure 
potassium fluoride showed that it contained at least 0164 gram 
of Si0 2 per gram. 

Of the one gram of u New Oxide taken, 0*8051 gram has been 
accounted for; 0*6289 gram of oxides precipitated from their 
solutions by boiling -f 0’0122 precipitated by ammonia j- 0*104 
gram of Si0 2 . To check this, 0 0997 gram of New Oxide M was 
extracted with hydrochloric acid, which left behind 0 0806 gram 
insoluble, dissolving only 0*0018 gram of titanium dioxide, a result 
which corresponds as closely as can be expected with the above 
amount from 1 gram. The difference is completely accounted for 
by the hygroscopic moisture and the soda pertinaciously retained by 
the powder. It ought to be mentioned that the "New Oxide 
was what remained after its last fusion with sodium hydroxide and 
had been washed only with boiling water. 

The very refractory substance in the New Zealaud sand may 
therefore be regarded as titanium dioxide in which part of tb 
titanium is replaced by silicon. Insoluble and refractory substance* 
similar to that obtained by me have been found by other worker 1 ' 
with titanium minerals. When i have obtained a larger supply 
of New Zealand sand from the same source I hope to be able f» 
make a more complete analysis and examination of this suh.-tam ' 
than is possible with the small amount 1 now jhjssos. 

1 cannot conclude without cordially thanking Professor Bohr, 
in whose laboratory the examination by lb's. Poster and Hevesr 
was earned out, and expressing to them my sincere appreciation 
of all their courtesy and the trouble they have taken in this matter. 

34, UrrER Hamilton Terrace, [fiVa/t'd. April ;in/, lU-tj 

London. 
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CVL — The Form of the Vapour Pressure Curve at 
High Temperatures, Part II, The Curve for 
Sodium Cyanide, 

By Christopher Kelk Ixgulo. 

Jn Part f of this series (X., 1922, 121, 2419) evidence was given 
that the equation 

Ji log, L x iT -f- ot log, T -f [if . . . (i) 

does not correctly represent the form of the vapour pressure curve 
at high temperatures. There appeared to be two possible causes * 
of the discrepancy, (a) that the gas lawspy = KT are not applicable 
to the saturated vapour, ( b ) that the latent heat of vaporisation 
is not accurately a quadratic function of the temperature, and an 
attempt was made to show the operation of cause (a) alone by 
examining the form of the curve for an element (lead) which is 
known to yield a monatomic vapour. Reasons were given for 
supposing that in such a case the latent heat would be a quadratic 
function of temperature, so that discrepancies could, with certain 
reservations, be attributed to cause (u). On the other hand, in 
the ease of a polyatomic substance a large increase in the effect 
of cause (6) is to be anticipated if its influence on the form of the 
curve is of a measurable order. 

The present paper, therefore, contains an examination of the 
curve for a triatomie compound (sodium cyanide) of about the 
same order of volatility as lead . 

The method of testing the formula was the same as that used 
previously, the experimental range being divided into the equal 
intervals, 800 — 108U and 10S0- 13fl0 : , and the observations in 
each interval plotted on squared pajKT (Figs. I and 2). Smooth 
curves were drawn through each set of points, and from the curve 
within the first interval fixed points were chosen from which the 
constants of an equation of type (i) could be calculated. The 
equation was 

lo©io P o’<$S — 9989 T 1*793 log 10 i’ — 0 0017 5X . (ii) 

and its graph fits over the smoothed curve of the experimental 
results within the lower temperature range to an approximation 
of 2°. In the second temperature interval, however, the curve 

* Siuce the Xornst Heat Theorem is not utilised in developing equation (i) ? 
which is merely an integrated form of the well-known differential equation of 
Clausius and Clapeyron, it is perhaps scarcely necessary to point out that the 
fundamental hypotheses of that theorem can contain nothing which in any 
way contributes to the discrepancy referred to. 

VOL. CXXIII. h U 
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of equation (ii) runs quite away from the experimental points, 
the difference at the upper end of the range amounting to 50° in 
the temperature (Fig. 2). 

In the case of lead, a divergence was obtained, which, although 
quite definite and measurable, was small. In the present instance, 
however, the deviation is large, approximately ten times that 
observed in the case of lead, and far exceeds any possible error of 


Fig. 1. 



experiment. Hence, so far as it goes, the evidence is strongly in 
favour of the view that, in the case under discussion at least, cause 
(6) is the principal reason of failure of the Xemst equation. 

In view of this large discrepancy, it is the more remarkable that 
(as with lead) the experimental results can be expressed with great 
accuracy by Ramsay and Young’s empirical relation 

TJ'l'z - m + aT % (iii) 
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where T x and T 2 are the absolute boiling points of two liquids under 
the same pressure. Applying the same extrapolation test, mercury 
being the reference liquid, the constants obtained from the first 
temperature interval gave the equation 

= 2-599 + 0-00033 T ag .... (iv) 
the graph of which, within the second interval, is shown by the full 
line of Fig. 2. (In Fig. 1, it coincides completely with the curve of 


Fig. 2. 



smoothed results from which the constants were obtained.) There 
seems to be a slight systematic deviation from the observed values 
at the highest temperatures used, hut. even if t his is real, it is very 
small and is scarcely within the limits of possible measurement. 
The point must remain to be settled when (lie observations have been 
extended to still higher temperatures. 

Henglein’s relation 

log 1\ - a log T t -b (v) 

was subjected to a similar extrapolation test. The formula 

iog l0 7 'k.ok - 1045 logjojfa, -r 0*319 . . (vi) 
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calculated from the curve of Fig 1 , gave for the second temperature 
range a curve (dotted in Fig. 2) which deviated notably from the 
experimental results, although not so much as the Nernst curve, 
and in the opposite direction. 

Evidently Ramsay and Young’s formula is the only one of those 
investigated which is in the least degree trustworthy for extra, 
polation. Equation (iv) gives for the boiling point under atmo- 
spheric pressure the value 1495°, which may possibly be slightly 
below the true boiling point if the small deviation referred to above 
is real. In any event, the rounded value, 1500° T 10°, is probably 
trustworthy. 

The molecular latent heat, calculated from the curve of smoothed 
experimental results, amounts to 37,000 cals., which may be taken 
as correct to two significant figures. 


E X P E K 1 M K X T A L . 

Preparation of Sodium Cyanide .— The material required was 
prepared from pure hydrocyanic acid and pure carbonate-free sodium 
hydroxide made from sodium, the evaporation being conducted in 
in good vacuum. It contained upwards of 99*8 per cent, of sodium 
cyanide. 

Boiling Tubes . — Carbon tubes were used for the final experiment*, 
although moderately good results were obtained with silica tubes 
coated internally with silicon. It was found that the carbon tubes 
disintegrated rapidly if fused sodium cyanide was allowed to 
penetrate them and then solidify. At the end of an experiment, 
therefore, the fused sodium cyanide was poured out, and the empty 
tube immediately reheated to volatilise the last traces. An 
increase in the life of the tubes was thus secured. 

Method of Experiment . — The method of making the measurements 
was generally similar to that employed in the preceding series of 
experiments Hoc. c it.), but it was found that owing to the small 
leakage which inevitably occurs when carbon tubes are evacuated 
and heated, a small amount of carbon monoxide usually entered 
during an experiment and converted some of the sodium cyanide 
into sodium carbonate (Ingold and Wilson, T., 1922, 121, 22 < 8), 
thus introducing a soluble, but comparatively non-volatile, impurity. 
In order to avoid error due to this cause, it was necessary (a) to 
carry out determinations as quickly as possible, using a fresh 
specimen for every few experiments, and (&) to analyse the material 
after each experiment. Vapour pressure measurements were not 
accepted as trustworthy unless the material poured out from the tube 
contained at least 99’5 per cent, of sodium cyanide. It will be 
shown on p. 891 that the total pressure curve for a mixture of 
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sodium cyanide and sodium carbonate is approximately linear 
whence it follows that the presence of 0*5 per cent, of sodium 
carbonate dissolved in the sodium cyanide would lower the vapour 
pressure by about 0*5 per cent., which would be equivalent to 
introducing an error of 0*3° to 0’6° into the measurement of temper- 
ature. This is considerably less than the error inherent in an 
individual determination (± 1'4° on the average), and is also less 
than the degree of approximation (i l c ) to which the curve of 
smoothed results is believed to be trustworthy. 


Table J. 

p (mm.), t (obs.). t (calc.). DifT. p (mm.), t (obs.). t (calc.). Diff. 

b 0-80 805° 803° -f 2° a 27-5 1075* 1073° --2 s 

a 0-85 810 807 4 3 b 31-2 1085 1087 --2 

b 1.00 820 817 - 3 a 35*0 1095 1097 2 

a 1-05 822 820 - 2 b 400 1111 1110 -1 

b 1-50 840 842 -2 ft 440 1125 1123 -2 

a 105 850 849 --1 b 52-8 1139 1141 -2 

b 1-85 860 858 -{-2 a 65-2 1164 1164 0 

a 2-40 875 876 —1 b 64-7 1165 1103 4-2 

a 3-00 890 891 -1 ft 75-0 1180 1179 —1 

b 3-30 895 897 - 2 b SO-O 1185 1187 -2 

b 3-70 905 905 u b 90-2 1200 1200 0 

a 4-90 925 92S -3 a 100 1210 1211 -1 

b 5-20 930 931 —1 b 107 1221 1220 ~1 

a 6-50 946 948 -2 a 115 1227 1228 -1 

b 6-75 950 950 0 b 127 1240 1240 O 

b 7-10 955 950 -1 b 150 1260 1260 O 

a 9-80 978 980 -2 u 151 1261 1261 0 

b 9-90 981 982 -1 a 167 1275 1274 4-1 

a 11-5 992 993 -1 b 175 1279 1280 -I 

b 12-5 1000 1001 —1 a 183 1284 1280 —2 

a 14-0 1010 1010 O b 185 1289 1287 --2 

b 141 1011 1011 0 a 215 1310 1307 -3 

b 15 6 1020 1020 O b 230 1315 1316 - 1 

a 160 1022 1022 0 a 243 1328 1324 -4 

b 17-5 1030 1031 -1 b 260 1337 1333 -4 

b 21-0 1050 1049 -1 a 285 1345 1346 -1 

a 21-4 1050 1050 n a 290 1353 1349 -6 

h 23 0 1059 1039 n a 301 1353 1353 0 

a 25-5 1066 1066 O 

Table I contains the results of lif tv-seven determinations. Tn 
the first column, “ a denotes that the measurement was one of 
a series taken in order of ascending pressures, and “b " that it 
was one of a series in order of descending pressures. The pressures 
are believed to be correct to O' I mm. (where a decimal is quoted), 
but it was attempted to read them to ti'05 mm. The observed 
temperatures (second column) could be read in the instrument 
used to 0T°, but are quoted to the nearest one degree. The third 
column gives the temperatures calculated from formula (iv) and 
Smith and Mcnzic.-ds data for mercury (.7. Attnr. Chan. Soe., 1910, 
32, H47), and the fourth column the differences, the algebraic 
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average of which is — 0'06°, that is, nearly zero, as it should be. 
Their average, disregarding the sign, is 1*4°. 

Tabic II exhibits the smoothed results for every 10°, from 800° 
to 1360°. Intermediate values can be obtained to the nearest 
one degree by linear interpolation. The pressures are probably 
correct to 1 per cent., and the temperatures to one degree. 


Table II. 


L p {mm.] 

I. t. 

p (mm.). 

/. p 

(mm. 

). t. 

p (mm.). 

S00° 0*76 

940° 

1 5-80 

1080° 

29-4 

1220° 

107 

S10 0-90 

950 

6-60 

1090 

32-4 

1230 

117 

820 1-00 

960 

7-52 

1100 

36-0 

1240 

127 

830 1*25 

970 

S-55 

1110 

39*8 

1250 

138 

840 1-45 

980 

9-70 

1120 

43*7 

1260 

150 

850 1-GT 

990 

11-0 

1130 

47-7 

1270 

162 

800 1-92 

1000 

12-4 

1140 

52*2 

1280 

175 

870 2*22 

1010 

14-0 

1150 

57-6 

1290 

189 

880 2*55 

1020 

15-6 

1160 

63-0 

1300 

204 

S90 2*96 

1030 

17-3 

1170 

69-0 

1310 

220 

900 3-43 

1040 

19-2 

1180 

75-6 

1320 

237 

910 3*95 

1050 

21*3 

1190 

82-5 

1330 

255 

920 4*50 

1060 

23*7 

1200 

89*8 

1340 

273 

930 6*10 

1070 

26*4 

1210 

98*3 

1350 

293 






1360 

314 



Table 

III. 




p (mm.). 

i (obs.). 

t (Nernst). 

A** 

t (llenglein). 

a b - 

076 

800° 

802° 

o- 


801° 

-r 1 # 

1-20 

828 

829 

+ i 


828 

U 

1*85 

857 

858 

+ 1 


857 

U 

2-81 

8S6 

886 

0 


885 

- 1 

4-18 

914 

913 

- 1 


913 

- 1 

610 

943 

942 

- l 


942 

- 1 

8*76 

973 

971 

— 2 


973 

0 

12-4 

1000 

999 

- 1 


1000 

(1 

17*2 

1029 

1029 

0 


1029 

0 

23*6 

1059 

1060 

4- 1 


1058 

- 1 

32*0 

1089 

1090 

-!- 1 


loss 

• J 

42*8 

1118 

1122 

-r 4 


1116 

- 2 

56*6 

ms 

1155 

--- 7 


1144 

- 4 

74-1 

1177 

11S7 

4- 10 


1172 

— 5 

95*9 

1207 

1220 

4-13 


1202 

— 5 

123 0 

1230 

1254 

-IS 


1230 

- 0 

150 3 

1200 

1290 

4-24 


1260 

- 6 

196-8 

1295 

1328 

33 


1287 

- 8 

245-8 

1325 

1367 

-f42 


1315 

-10 

304-7 

1355 

1405 

-f-50 


1345 

-10 

In Table 

III, the 

experimental 

results 

are 

compared 

with the 

values calculated from 

i the Nernst and Hen 

glein 

formula?. 

The first 


column records pressures and the second temperatures calculated 
by the Ramsay-Young formula (iv), these values being practically 
identical with those read from the curve of smoothed results. 


The third column shows the temperatures calculated bv formula 
(ii) to correspond with the pressures given in the first column, and 
the fourth column the differences between these temperatures 
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and the corresponding temperatures of the second column. The 
temperatures given by formula (vi) are shown in the fifth column, 
whilst the last column gives the differences between these and the 
figures of the second column. 

Supplementary Note : The Total Pressure Curve for Mixtures 
of Sodium Cyanide and Sodium Carbonate. 

The following table records the total vapour pressures of mixtures 
of sodium carbonate and sodium cyanide at two temperatures, 
1000° ± l°and 1100° ± 1°. x = Mols. of XaCN/[moIs. of NaCN -f 


Fig. 3. 



oo o-a. o-4 00 o-* io 


X 

2 (mols. of NajCOg)], The composition of the material was deter- 
mined by analysis after each vapour pressure determination. 
The accompanying curves (Fig. 3) show that the total pressure is a 
nearly linear function of the molecular composition of the mixture, 
and that the vapour pressure of sodium carbonate is negligible in 
comparison with that of sodium cyanide at the temperatures 
investigated. 


Tomp, 

iooo j + r. 

Temp. - 

- 1100*' ± 1 

X. 

/i (mm.). 

X. 

/> (mm.). 

000 

u*0 

0-00 

0*0 

UI6 

1U 

o-3o 

loo 

0*41 

00 

U-47 

10-2 

U (JO 

7*8 

0 04 

23-0 

0-75 

it!* 

0* 70 

27*0 

002 

HI 

u yi 

32-0 

100 

12 4 

HKI 

30 0 


iMPKltun COTXKUE of SCIENi'K A NO TEeilNOLOUV, 

South Kfssinwiun. S.1V.7. lintlrul. y,hriMr : f (W, 1923.1 
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CVIL — Anodic Formation of a Per chloride of 
Manganese. 

By Alan Newton Campbell. 

In the course of some experiments on the cathodic deposition of 
manganese from chloride solution, the solution round the anode, 
which was separated from the main body of the liquid by a porous 
pot, was observed to have assumed a deep, almost black, colour. 
On examination against a strong light it was seen to be a very deep 
red, but quite clear solution. It was thought that this solution 
might be analogous to the dark liquid obtained by Scheele, by treat- 
ing manganese dioxide with cold concentrated hydrochloric acid, 
the constitution of which has never been definitely settled. On 
the other hand, it might be a colloidal solution of manganese dioxide, 
since manganese dioxide is always formed during the electrolysis 
of manganese salts, even of the chloride, when the acid concentra- 
tion is low (Mn" 4- 2H 2 0 -j- 2 (+) — Mn0 2 -j- 4M*). Reference to 
the literature revealed the fact that higher oxidation salts of man- 
ganese have been prepared anodically, namely, H 2 Mn 2 (SO 4 ) 4 ,8H 2 0 
(Foerster, ** Elektrochemie wiisseriger Losungcn,” 1915 edn.. 
p. 742) and manganic nitrate (Z. anorij . Chem ., 1910, 68, 1607). 
but no information as to a higher chloride was obtainable. 

Experimental. 

The dark coloured solution Mas prepared in the following way. 
The electrolysis cell consisted of a rectangular glass jar containing 
a porous pot. The porous pot contained the anolyte of 3d/-man* 
ganous chloride, to which an equal volume of concentrated hydro- 
chloric acid had been added, and the main body of the cell the 
catholyte of ammonium chloride, containing 250 grams of the salt 
per litre. Both anode and cathode were sheets of platinum foil. 
An anodic current density of 6 amp./sq. dem. was used, corre- 
sponding to a total current of 6 amperes. Current was passed for 
two and a half hours, during which time the temperature rose 
from 18° to 47°. Rise of temperature, however, had previously 
been found to be not prejudicial to the process. On the other hand, 
neither current density nor manganese concentration can be much 
reduced. The clear anolyte was then examined under the ultra- 
microscope, but no colloidal particles were discernible. It was 
therefore thought that the dark colour must be due to the presence 
of a higher chloride of manganese. 

For purposes of comparison, Scheele s dark liquid was prepared 
by allowing concentrated hydrochloric acid to stand over-pig^ 
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in contact with finely powdered manganese dioxide. After filtering, 
a dark liquid was obtained which was quite clear and showed the 
same dark red colour as the anodic product. This liquid deposited 
manganese dioxide on dilution, a property also possessed by the 
anodic product. It seems, therefore, as if both liquids contain 
the same higher chloride. Moreover, as the prevailing colour of 
quadrivalent manganese salts is given as brown (red?) and that 
of the tervalent salts as violet (compare Foerster, loc , cit.), a first 
assumption was made that the chloride was, mainly at all events, 
the tetrachloride. 

Before analysing the anodic product, free chlorine was removed. 
This was readily and completely brought about by bubbling nitrogen 
through the liquid. Removal of the free chlorine produced no 
change in the liquid. 

The analysis was carried out by two methods. Ten c.c. of the 
dark solution were mixed with 10 c.c. of A/lO-ferrous sulphate, 
syrupy phosphoric acid was added, and the excess of ferrous sul- 
phate titrated with standard potassium permanganate. The 
dark colour disappeared completely on the addition of the ferrous 
sulphate. The reaction was assumed to be 

MnCl 4 + SFeO* - MnCl 2 + 2FeCl 3 . 

This determination gave as the concentration of manganese 
tetrachloride, 0 0185 gram- mol. per litre. 

Twenty c.c. of solution were boiled with excess of water, and 
the precipitated manganese dioxide was filtered, ignited to Mn 3 0 4 , 
and weighed. Here the reaction was assumed to be 

MnCl 4 - 2II 2 0 •= Mn0 2 -f 4HC1. 

The concentration of manganese tetrachloride found by this 
method was 0-0188 gram-mol. per litre. 

It will be observed that, on the assumption that the manganese 
is in the quadrivalent condition, very good agreement is obtained 
between the two methods. On the assumption of tervalent man- 
ganese, no such agreement is obtained. This indicates strongly 
that the higher chloride present is entirely the tetrachloride. 

Another portion of the liquid after removal of free chlorine was 
placed in a porous pot, standing in a beaker containing a mixed 
solution of JZ-ferrous sulphate and J/-fcrric chloride. Indifferent 
electrodes of platinum were inserted in both liquids and the E.M.F, 
of the combination was determined by the compensation method. 
Ihe equation corresponding to this potential difference is 

Mu’*** f 2 IV* ^ Mn“ 4- 2Fe“\ 

HU* 
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The potential difference is therefore given by the expression 




— ^miT"/iIb" “ '/f. 


0058 


log 


[Mn*“’][Fe**] 2 

[Mn‘*][Fe*’*] 2 ’ 


where $Mn"" Jita" “ normal potential of manganic (quadrivalent) - 
ions in presence of manganous-ions, and E ¥t - * /jv = normal potential 
of ferric-ions in presence of ferrous-ions. The other symbols have 
their usual significance. The value obtained for the first determina- 
tion was 0*663 volt (at 16°). We therefore have 


0-663 = - 0-750 + °'f S log 


[0-01 87][1] 2 
[1-511? ' 


whence -Ew’/am" — 1*468 volts (hydrogen scale). 

The manganese solution was now diluted with three times its 
volume of 1*53/- manganous chloride solution, and the E.M.F. 
again determined. This was found to be 0*639 volt at 16 & . Hem 
we have 


OAQO r t A -A . 0*058 , [0*0047][1] 2 

0-636 = - 0-<a0 + - g - log L ; 


whence 1*462 volts (hydrogen scale). 

Taking the mean of these two values, we obtain as the normal 
potential of quadrivalent manganese-ions in presence of bivalent 
manganese-ions, 1*465 volts (hydrogen scale) at 16°. 

The amount of tetrachloride present being so small in comparison 
with the amount of manganous chloride, it was thought that any 
attempt to crystallise it out would have been fruitless. 

In conclusion, it may be mentioned that the tetrachloride is 
sensitive to light, particularly ultra-violet light, the solution losing 
its dark colour and giving off chlorine gas, without, however, 
any precipitation occurring. 


Summary. 

1. A solution of a higher chloride of manganese, similar to 
Scheele’s dark liquid, has been prepared anodically. 

2. The solution lias been analysed and shown to contain only 
the tetrachloride, MnCl 4 , apart from unchanged manganous chloride, 

3. The normal potential of quadrivalent manganese-ions in 
presence of bivalent manganese -ions has been calculated from 
oxidation-reduction potential rneasu remen ts. 

In conclusion, the author wishes to acknowledge his indebtedness 
to Professor A. J. Allmand for some very valuable suggestions. 
King’s College, Strand, W.O. [Received, March 29th, 1923.] 
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CVIIL — Mercury Cleansing Apparatus. 

By Augustus Edward Dixon and James Lyttle McKee. 

Although embodying no new principle, the form of mercury 
cleaner represented in the accompanying diagram has been found 
serviceable and convenient in use. 

The mercury is contained in n cylindrical jar, 30 cm. high and 
5 cm. in bore, the mouth of which is closed by a rubber bung carry- 
ing two tubes : of these, one is a sleeve 
about 6 cm. long and just wide enough to 
pass the long leg of a U-tube ; the other, 
about 15 mm. in bore, is provided with 
a rubber stopper and bent tube for 
connexion with the pump. This U-tube, 
the essential part of the apparatus, is 
bent as shown : its bore may be from 
2'5 to 2‘7 mm., and to minimise the risk 
of fracture in handling, it should be fairly 
thick- walled— say, 0 mm. in external 
diameter. At the bottom of the U*bend, 
a hole is blown. Entering through this 
hole, the mercury is caught in an air 
current, developed by suction (or by pres- 
sure), is swept by it up the short leg of the 
tube, and from the nozzle of the latter is 
delivered in a spray of minute droplets, 
which strike against the wall of a glass 
jacket. Thence the comminuted mercury 
falls back into the mass of liquid, the 
circulation being continuous and complete. 

Bor the long leg of the U — the “ air inlet 
tube >! — a suitable length is 45 cm.; the 
short leg, or “ spray tube,” should be long 
enough for its conical nozzle (constricted 
at the end to a diameter a little more than 
one-half that of the main bore) to stand at 
about 4 to 5 cm. above the surface of the 
mercury, when the inlet hole for the latter is just at the bottom of 
the jar. This inlet hole has a diameter about the same as the tube- 
bore; its everted edge should be filial olT, or else very lighriy fused, 
lest any thickening should impede the entrance of the iner ury. 
surrounding the air inlet tube and its sleeve is an air-tight collar 
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of thick-walled rubber tube, smeared internally with glycerol, 
in order that the U-leg may be slid up and down easily. 

To prevent the mercury from splashing over the wall of the 
jar, and thus escaping from circulation, the spray tube is covered 
by a jacket, floating in the mercury, and long enough for its top 
to clear the nozzle by 4 or 5 cm. ; as a rule, a length of about 10 
cm., overall, is sufficient. It should be at least 25 mm. in bore, 
and 1 to 1-5 mm. thick in the wall : between the legs of the U-tube, 
there must be space enough for the jacket to move freely up and 
down without being pinched. Through its wall, exactly at the 
mercury level, as the jacket floats, a large slot is cut, crosswise 
(by means of a round file, lubricated with turpentine), not less 
than 15 mm. long; 3 cm. above this, another slot is filed, only 
some 3 to 4 mm. long. The point for the lower slot may be found 
bv hanging the jacket, mouth downwards, on the short leg of an 
open U-tube, and lowering the system until the jacket floats, upright, 
in the mercury; there should be free communication between the 
mercury surface, outside, and that inside the jacket-. 

To operate the machine, the procedure is as follows. A suitable 
charge of mercury having been poured into the jar, the jacket is 
slipped over the spray tube, the slots being turned so as nearly to 
face the air inlet tube. The latter having been slid well up in 
its sleeve, the rubber bung is pushed home, air-tight, the sprayer 
now being slid down until the U- bend is felt to touch the bottom of 
the jar; then (unless it springs up of itself), it is drawn up just 
clear. The pump is started, and when spraying is established, the 
air inlet tube is slightly rotated in its collar, so as to direct the 
living mercurv obliquely against the wall of the jacket, there- 
upon, if the mercury is rather foul, a stream of infinitesimal globule, 
—almost a dust— travelling at high speed, ascends the jar in a 
grev spiral, attains a certain height, and thence descends in a some- 
what wider spiral ; viewed across the jacket, the direct and reversed 
spirals form a sort of “ figure-of-eight.” With a nearly clean sample, 
however, it is different, the ejected particles now coalescing^ 
readily that, soon after striking the wall of the jacket, they co « 
into beads, heavy enough to trickle down. 

Very' foul mercury— especially when zinc is the contaminant 
develops a black “ froth,” containing much mercury and so volu- 
minous that it may soon fill the jacket. To defeat its formation, 
mercury is covered with a layer of dilute nitric acre ( ' 0 ' , 

centrated acid in 20 vols. of solution), not deep enough to Hood 
upper slot in the jacket. At first, the contaminant n'etalak 
passes into solution, a few drops of the acid liquor, withdxa . 
means of a pipette, yielding with alkali hydroxide a correspond 
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reaction; later, the reagent gives a copious black precipitate. 
The mercury is now washed, roughly dried, filtered, and the puri- 
fication completed by " dry blowing.” 

For an apparatus of the dimensions named, about 250 c.c. of 
mercury is a convenient charge. More, or less, of course, may be 
taken, if the length of the spray tube is adjusted to suit; at very 
deep or very shallow immersions, however, the conditions for 
producing a steady and well comminuted spray are obviously 
not the same as those at an intermediate depth. 

A few minor details may be added, (i) Plugs of mercury in the 
spray tube may not be ejected readily when the pump is started, 
air bubbling out, instead, at the mercury inlet hole. If so, the 
air inlet is closed for a few seconds by the finger ; on its removal, 
the burst of air will force out the plugs, and spraying will follow, 
(ii) By putting over the air inlet a test tube, packed loosely with 
cotton wool about a central tube, running the full length of the test- 
tube, the chattering noise may be silenced, (iii) The black deposit 
that forms inside the spray tube is removable by a dip into sul- 
phuric acid^“ dichroroate ” mixture, followed by rinsing with water 
and then alcohol : the tube need not be dried afterwards. 

Apart from its compactness, stability, and general strength, 
the foregoing apparatus has the merit of requiring practically no 
attention while running. In a particular test -experiment, 3‘5 
kilos, of mercury, fouled with zinc (1 in 5000), after three hours’ 
wet blowing had become almost free from “ drag ” : it was then 
dry blown for eight hours, at. a venture, the filtered product, when 
sprayed for another hour, showing no surface tarnish. At this 
stage, it passed all the usual tests, and when used in a concentration 
cell with dilute sulphuric acid against highly purified mercury, 
failed to stir the needle of a meter, reading directly to millivolts. 
After a further run of sixteen hours, although the mercury surface 
was scarcely dimmed, a perceptible dark scum had formed inside 
the spray tube. 

With a wider jar, and a trifling modification of the jacket, to 
permit the use of a relatively large volume of the supernatant 
solution, this apparatus would probably be suitable for the purifica- 
tion of mercury by Bet t el's cyanide method {Chan. Xews, 1908, 
97, 158). 

University College, Cork. Oceex’s University, Kingston, Oxt. 

[Received, March 26th, 1923.] 
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Some Constitutional Problems of Carbohydrate 
Chemistry . 

A Lecture Delivered before the Chemical Society on 
February 22nd, 1923. 


By James Colquhoun Irvine, C.B.E., F.R.S. 

I feel that an honour has been done to my research sohool in 
inviting me to lay before this Society an account of some of 
the studies upon which we have been engaged, but my gratification 
is tempered by the sobering thought that the title of this lecture is 
ill-chosen. 

}• No rapid survey can be made, no adequate synopsis can be 
aiven, of the manifold problems of carbohydrate constitution 
which have already been solved or which still await adequate 
representation. To discuss even in broad outline the structure 
of a single sugar demands the consideration of a bewildering series 
of reactions and relationships, and to deal, in one lecture, with all 
classes of carbohydrates is to court disaster. Mv excuse in attempt- 
in" what I believe to be the impossible is that, to me, the carbo- 
hydrates are among the most important, the most baffling, yet 
withal the most fascinating substances which engage the attention 


of the chemist. 

To the student who brings to bear on our science the special 
appreciation which comes from tracing historical development* 
there must be abundant satisfaction in discerning how our know- 
ledge of carbohydrates has expanded in response to the stimuli]* 
conveyed by fresh views on .structure. The pioneer researches, 
and early explorations of the fate of carbohydrates in the living 
organism, must not he passed over lightly; the experimental 
difficulties encountered to-day serve but to remind us of the skill 
and patience devoted to this work. Vet, go hack rather more 
than a century and you will find the Old Masters struggling 
with the sugars and giving in a few lines of print all that was then 
known regarding them. Bridge a gap of seventy years from their 
time and vou will find litth- in addition: a few more sugars had 
been rm* nisei l and a greater variety of derivatives had been 
prepared, but, in the absence of structural views, the information 
provided is purely descriptive and empirical, then began tut 
brilliant period of constitutional carbohydrate chemistry wine 
culminated in the great awakening we owe to Kind Iiseher. 

It was indeed a marked advance to be able to expand the tormu a 
C HjjOj so as to display, not onlv the significant groups, but also 
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their configuration, and thereby to account for the isomerism and 
mutual relationships of the simple hexoses. Almost inevitably 
this progressive phase was followed by a resting stage, and it is 
not surprising that, during the past twenty-five years, the study 
of sugars has shown alternations of activity and stagnation. The 
present is a period of revival, and, in sympathy with this growing 
interest, one is tempted to include many aspects of carbohydrate 
constitution, but with the time at my disposal it seems prudent 
to confine myself almost exclusively to problems which have 
engaged the attention of my co-workers and of my colleagues. 

Although with the information now available an elaborate classi- 
fication of carbohydrates is possible, we may, in the interests of 
simplicity, adhere to the present system and may divide them 
into three groups : 

(а) Reducing sugars which are unaffected by hydrolysis. 

(б) Glucosidic compounds which, on hydrolysis, yield at least 
one reducing sugar. (Di- and H-saccharides may be regarded as 
special examples of this class.) 

(c) Polysaccharides. 

The above groups are interrelated, and the constitutional problems 
presented by glucosides, w -saccharides, and polysaccharides are 
obviously dependent on the structure of the simple reducing sugars. 
Lack of knowledge of the monosaccharides is at once reflected in 
the complex saccharides. 

In order to arrive at the fundamental aspects of carbohydrate 
structure, we may consider the special case of glucose, and may 
trace the stages through which our present views regarding the 
hexose molecule have evolved. These stages are expressed in 
historical sequence in the scheme shown below, which displays the 
transition from an empirical formula to the hutylene-oxidc repre- 
sentation of a- and p -glucose now in general use. 

CHO OT-OH . . 1 

H-C-OH H-C-OH i - ■ 2 

HO-C-H j . . 3 

H-C-OH H-C 3 . . 4 

H-C-OH H-C-OH . . 5 

^H t -OH CH^-OH . . 6 

(HI.} (TV.) 


<fHO 


(I.) 


OH 

(II.) 


The cyclic formula for reducing sugars has proved of real service, 
and its adoption has been justified, but it is necessary to point out 
that, until recently, less than one- half of the molecular archi- 
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tecture of glucose had been studied. When we remember that 
position 1 in the above formula plays a part in mutarotation, in 
the formation of glucosides, and in oxidation processes, it will be 
agreed that this particidar alcohol group has placed no obstacles 
in the way of thorough investigation. The properties of the group 
indexed as position 2 are not so well defined, but are revealed to a 
limited extent in the formation of osazones, whilst our knowledge 
of the group in position 0 is restricted to a few reactions such as 
oxidation to saccharic acid and the formation of dibromo -deriv- 
atives. Speaking generally, however, it may be claimed that the 
essential reactions of the three hydroxyl groups specified are 
already known. 

On the other hand, the asymmetric systems indexed as 3, 4, 
and 5 represent areas in the sugar molecule which had remained 
almost entirely unexplored. There are good reasons for this gap 
in our knowledge, yet a proper understanding of the glucose 
molecule cannot be obtained if, as is generally the case, attention 
is focussed exclusively on the reducing group; each hydroxyl 
group must be studied, for each possesses its own particular 
properties and contributes to the reactions of the molecule as a 
whole. This consideration leads directly to another point, which 
I believe to be of even greater importance. It is evident that the 
linkage of the ring-forming oxygen atom in the molecule need not 
remain exclusively in one position, but may connect different pairs 
of carbon atoms, and thus, all the groups from 1 to G must he 
regarded as variables. For example : 

Position 1 may possess cither the a- or |3- configuration. 

Position 2 may be involved in an ethylene-oxide ring. 

Position 3 „ „ „ a propylene- oxide ring. 

Position 4 „ „ „ a butylene-oxide ring. 

Position 5 „ „ „ an amylene-oxidc ring. 

Position 6 „ „ „ a he xylene -oxide ring. 

It follows, therefore, that if we include an aldehydic variety, 
rf-glucose may react in any one of eleven forms or as a mixture of 
these isomerides. These complicated possibilities must be taken 
into account in speculating on the reactions of the so-called 
“ simple ” sugars, in tracing their origin, their metabolism, and 
their relationship to the di- and poly-saccharides. 

These are preliminary considerations, and I turn now to an 
account of how the intimate structure of carbohydrates has been 
advanced through the agency of one particular method of inquiry, 
which, for reasons already given, was applied in the first instance 
to the monosaccharides. 1 refer to the process of methylation, 
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a reaction which has been employed to introduce stable methyl 
groups into all the hydroxyl positions of reducing sugars or into 
any hydroxyl groups which remain unsubstituted and exposed in 
a sugar derivative. Taking an example which has been very fully 
studied, the sequence of typical operations leading to a fully 
methylated glucose may be expressed by the following scheme • 


rCH*OH 
| CH*OH 
V (JH'OH 

L V H 

CH-OH 


(V.) 


r^H-OMe 
I V H-OH 
VyH-oH _ 

l V h 

CH-OH 


L 


CH, 


■OH 


(VI.) 


Glucoside formation. Methylation 


d^H-OMe 
yH*OMe 
yH-OMe - 
- V H 

CH'OMe 

CHj'OJIc 

(VII.) 


1 yH-OMe 
■ r V H, OMe 

L( r H 

OH’OMe 

CH 2 -OMe 

(VIII.) 


Hydrolysis. 

The first stage is the formation of methylglucoside, a reaction which 
has the effect of protecting the reducing group, and this is followed 
by the introduction of methyl groups into the remaining hydroxyl 
positions. It is important to note that acid hydrolysis of the 
methylated glucoside affects the molecule only in one position 
the glucosidic alkyl group being eliminated, whilst the remaining 
methyl groups survive. In the tetrainethyl glucose thus produced 
four hydroxyl groups hare been masked, and it is thus possible to 
study the properties of the reducing group in the absence of many 
complicating factors. Extending the above principles, it will be 
clear that if a sugar is substituted by any group or groups capable 
of subsequent removal by hydrolysis, it is possible to methylate 
the unoccupied hydroxyl positions and ultimately to obtain definite 
partly methylated sugars. In these products, the position of the 
OH groups coincides with the position in which the substituting 
groups were attached to the original sugar residue. For example 
starting from benzvlidene mcthylglueoside, only two hydroxvi 
groups are available for methylation, and consequently on com 
pletmg the series of reactions, the final product obtained was a 
chmethyl glucose. Reference to the published papers will show 
that the method is of wide application, and that a large variety 
of completely and partly methylated aldoses and ketoses have 
been prepared and examined. 

?, n ,^ Cn , era ^ ^ nia y said that alkylated sugars are extremely 
the" ° f ° r CX .* Ct and critical ''M'orimental study. In many eases 
he compounds crystallise readily in highly characteristic' forms 

rmri’fi a t dd ' tl0n ' the su ? ars or thpir glucosides can be effectively 
of the .lb .f 8tlllatl °" a hifA vacuum - Moreover, the presence 
y groups ineivases the solubility in organic solvents 
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enormously, and thus the reactions of the compounds can be 
studied under a variety of conditions. Characterised by properties 
such as I have described, alkylated sugars are well adapted as 
reference compounds, in that they can be isolated and identified 
with certainty, even when only small quantities are available. 
The same remark applies to the alkylated sugars which are liquids, 
as, in the majority of cases, they yield crystalline anilides or 
glueosides upon which characteristic physical constants may be 
determined accurately. 

1 have referred to the opportunities afforded by alkylated sugars 
to restrict the attack of reagents to a limited number of selected 
hydroxyl groups, but a more obvious application of these com- 
pounds, and one which is superficially of more importance, lies in 
the use which lias been made of them to solve the structure of 
typical glueosides, disaccharides, and polysaccharides. If up 
ascribe to any sugar derivative the general formula S"G, where 
S is a sugar residue and G the group with which it is condensed, 
then niethylation followed by hydrolysis will give as a minimum 
two products, one of which will be a methylated sugar. Deter- 
mination of the number and distribution of these methyl groups 
in each of the cleavage products gives the complete structure of 
the parent compound, as the mode of attachment of the individual 
constituents is thereby revealed. 

In the special case where the group G is also a sugar residue, 
the compound under consideration would be a disuecharidc, and 
the general formula mav be written S-S,. Precisely the same 
structural study can evidently be applied to it, with the single 
difference that two methylated sugars will be obtained on hydro- 
lysis in place of one. The method is equally applicable to the 
general type S„, which includes polysaccharides. 

This exploitation of methylated sugars in solving constitution 
was recognised at an early period in our work, but the policy was 
deliberately adopted of postponing such an extension until the 
standard methylated sugars required as reference compounds had 
been examined' and definite constitutions assigned to them. Once 
this was done, results have come quickly, and I now propose to 
refer to the conclusions which have been drawn in a few typical 
cases selected from the classes into which carbohydrates are 
divided. 

Constitution of A o( u tqI (rlucosidcs. 

As already explained, the application of the methylation method 
to Ct- and fl-methylglucoside results finally in the formation o one 
of the five different forma in which a tetrainethvl glucose ran e® 
The sugar actually obtained is a crystalline solid, easily punn . 
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and quickly identified by means of its physical constants. The 
structure assigned to it is that of formula VIII, and, from what 
has been said, it will be evident that all carbohydrates based on 
the same structural model as methylglucoside will yield the same 
variety of tetramethyl glucose. The first case to be investigated 
was that of sucrose, which may be regarded as a special case of 
a glucosidic compound. Methylation followed by hydrolysis gave 
crystalline tetramethyl glucose, thus solving the constitution of 
the disaccharide so far as the glucose component is concerned. 
Mother example w r as aftenvards furnished by salicin, which was 
converted into a crystalline pentamethyi derivative, and this, in 
turn, gave rise to equj molecular proportions of tetramethyl glucose 
and saligenin methyl ether. From this result the structure of the 
parent glucoside is at once apparent. 


Ultimate ‘products . 

I — CH*OH 
I CH-OMe HO 
9 CH-OMe ,CHj-OMi* 
L-ch + l ! 

CH-OMe 

CH 2 -OMe 


Orvjinal compound. 

r~CH 0— ^ 

I CH-OH 7 'CH,-OH 

V CH’OF X/ 

CH 

CH-OH 

CH 2 -OH 


The above proof applies equally to the related glucosides helicin 
and populin, which must also be derived from the butylene-oxide 
form of glucose, as they have been prepared from salicin by pro- 
cesses w’hich do not disturb the glucosidic linkage. I may refer 
also to other results of a similar nature which have recently been 
obtained with important natural glucosides. It has been shown 
that the sugar residue in indican and in arlmtin has the same 
linkage as in salicin, whilst amygdalin also falls into line and has 
been proved to be a glucoside of the type — *S x — 0 , in which 
the sugar residue S is similarly capable of yielding tetramethyl 
glucose. These arc not isolated examples, and it is a remarkable 
fact that all the natural glucosides so far examined yield the stable 
or butylene-oxide variety of tetramethyl glucose. This result may 
be translated into the statement that, although glucose can and 
docs exist in a highly reactive form, this variety does not appear 
to persist in the formation of glucosides in Nature. Reference 
will be made later to artificial glucosides derived from an unstable 
modification of glucose, but at this stage it may be stated that 
such compounds show little tendency, in the absence of hydro- 
lytic conditions, to revert to the more stable isomerides by alter- 
ation of the oxygen ring. This change seems, in fact, to be 
dependent on the presence of the reducing group, and the com* 
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billed evidence indicates that it is the stable form of glucose 
which is utilised by plants in the formation of natural glucosides. 
Some indications exist that the glucosidic components of plant 
pigments are not invariably derived from a single variety of 
glucose, but our work in this direction is not sufficiently advanced 
to permit of a final decision being made. 

Constitution of Disaocharides. 

Five methylated hexoses, functioning in the capacity of reference 
compounds, have served to determine the essential constitution 
of the most important disaccharides and polysaccharides. The 
hexoses in question are : tetramethyl glucose, two isomeric forms 
of trimethyl glucose, tetramethyl y-fructose, and tetramethyl 
galactose. 


r-CH-OH 



CH.-OMc 

j-V-OH 

1 CH'OMe 

1 yH-OMe 

I CH'OMe 

V CH-OMe 

9 CH'OMe 

V CH'OMe 

(jlH-OMe 

1 — l^H 

t h 

* — CH 

i 


OH-OMe 

CH-OH 

CH-OMc 

1 i^H-OMc 

l -ch 2 

CHj'OMe 

CHj’OMe 

ch 2 *oh 

2:3:5: 6 -Tetra 

2:3: 6 -Trimethyl 

2:3: 5 -Trimethyl 

Tetramethyl 

methyl glucose 
or galactose. 

glucose. 

glucose. 

7 - fructose. 

(IX.) 

(X.) 

(XT.) 

(XII.) 


Of these, 2:3:5: G-tetramethyl glucose has proved of greatest 
service, and it is fortunate that the compound is the most readily 
identified of all methylated sugars. 

In the experimental treatment of reducing disaccharides, the 
procedure adopted with monosaccharides is followed in that a 
glucosidic methyl group is introduced before the methylation of 
the sugar chain is carried out. By a simple, but extremely effective, 
method these consecutive reactions are conducted in one operation, 
and in this way a number of fully methylated disaccharides have 
been obtained. The hydrolysis of those compounds has given 
results which, as in the examples already quoted, are decisive in 
displaying the manner in which the hexose components are united. 
As the principles involved have already been explained, the 
structural studies of typical disaccharides can be readily synopsised. 

Maltose . — The essential steps required in this particular investi- 
gation are shown below : 

.. HepUmethvl _ I 2 : 3 ; 5 : «-Tetnunctliyl glucose . IX. 

Ma toee > methylmaltoside ( 2 : 3 : S-Tfiracthyl glucose . . .XI. 

Utilising the structures for IX and XI, the coupling of the glucose 
residues in maltose is shown to be : 
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r CH-OH 
CH-OH 
CH-OH 

i—OH 

CH-OH 


(XIII.) 


CH 2 - 


-0 CH-CH(OH)*CH(OH)-CH-CH(OH)-CH 2 -OH 


The formula thus established finds application, as will be described 
later, in deducing the constitution of the starch molecule. 

Cellobiose .— An entirely different mode of combining two hexose 
residues is displayed by cellobiose, as one glucose molecule is 
attached through its reducing group to the 5-position of the second 
glucose molecule. This is shown from the sequence of changes : 


Cellobiose -*• HopUmothyl ( 2: ■' 3 : 5 BTetramethyl glucose . IX. 

methylcellobiosido i „ „ _ . ... 

! - : 3 : b- irimetnyl glucose , . X. 

brom these results it follows that cellobiose should be represented 
by the structure : 


I — CH-OH 
i CH-OH 
V CH-OH 

L > 

CH 0 

CH 2 -OH 


(XIV.) 

j 0 ; 

CH-CH(OH)<’H{OH)-CH-CH(OH)-CH 2 -OH 


Apparently the attachment of the hexose molecule depicted in the 
above formula is characteristic only of natural carbohydrates, as 
the same coupling is present in cellulose, in starch, and in glycogen, 
but not in synthetic dextrius. Meanwhile, it is of interest to find 
that precisely the same condition exists in the disaccharide lactose. 

Lactose. The mutual relationships of the glucose and galactose 
residues in lactose are at once evident from the experimental 
scheme : 


Lactose * Hcptamethyl 

methyl-laetosido 


| - : 3 : o : 6-Tctramethyl galactose . 
I 2 : 3 : li-Trimethyl glucose . 


LX. 

X. 


Considering the origin of lactose, it is important to find that the 
galactose component belongs to the stable type and that the 
reactive, or y-form, is definitely absent. This point was readily 
established, as, although totramethyl galactose is a liquid, it was 
identified by conversion into the Veil-defined crystalline anilide 
m yields which show 7 that no other isoiueride was present. 

laking into consideration the mutual relationships of the com- 
pound sugars, the constitution of other reducing disaccharides 
may e deduced from the results already obtained experimental! v, 



906 


IRVINE : SOME CONSTITUTIONAL PROBLEMS 


but meanwhile the complicated case presented by sucrose may 
be discussed. 

Sucrose . — So far as two factors are concerned, research on 
sucrose proved to be comparatively simple. In the absence of a 
reducing group, the actual methylation presented few difficulties, 
and tetramethyl glucose, which is one of the scission products 
obtained from octamethyl sucrose, crystallises readily. Closer 
inspection of the practical details will, however, reveal some of the 
obstacles encountered. 

Sucrose Octamethyl f 2i3:5: «Tetramethyl glucose . . IX. 

sucrose j A tetramethyl fructose .... XII. 

The fructose derivative was a liquid, and its separation by dis- 
tillation proved to be tedious and imperfect. This was overcome 
by replacing octamethyl sucrose by the corresponding heptamethyi 
derivative, but another difficulty was then encountered, as the 
constitution of the tetramethyl fructose was unknown. The 
compound was, moreover, abnormal, being dextro- in place of 
laevo-rotatory, and although earlier investigations had already 
revealed this irregularity, prolonged research has been necessary 
in order to ascribe a formula to the reference sugar. 

It is now recognised that the compound belongs to the type 
generally known as 7 -sugars,” and I hope to refer to these curious 
isomerides at a later stage. Meanwhile, it may be stated that 
the normal hevorotatory form of fructose has been definitely 
proved to be a butylene-oxide and that in the tetramethyl fructose 
now under consideration the internal oxygen ring is displaced to 
one of the alternative positions. The first suggestion that an 
ethylene-oxide ring is present is no longer tenable, and in a paper 
now before the Society a former colleague provides experimental 
evidence in favour of an amylene-oxide structure. According to 
this view, the formula for sucrose becomes : 



CH,*OH 

1 2 

j Lit U 

1 CH-OH 

0 CH-OH 

CH 

ch-oh 

CH-OH 

CH-OH 

CH-OH 

CH 0 

6h 2 -oh 

l JL 


It may be mentioned that both the dimethyl and the trimethyl 
fructose obtained from inulin are likewise y-sugars, and contain 
the same internal ring which is present in the ketose fragment of 
^nse. The examination of these sugars which is in progress 
tiiiw further light on the structure of sucrose. 
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From what has been said, it will be admitted that a new com- 
plication has been introduced into studies on the inversion oi 
sucrose, as the initial condition of one of the hydrolysis products 
18 transient The disacchandc thus furnishes an interesting case 
where methylation reveals a feature of molecular structure which 
other processes fail to detect. 

Polysaccharides. 

Although doubtless any reducing sugar is capable of yielding a 
corresponding polysaccharide, authentic examples of the latter 
class of compound are not numerous and, up to the present time 
our attention has been restricted to the four most important 
representatives : cellulose, starch, glycogen, and inulin. It is 
perhaps advisable to express the opinion that we are scarcely 
justified in claiming that the names used above refer to individual 
compounds, and strictly speaking, we should meanwhile regard 
them as applicable to groups of closely-related compounds. 

Systematic study of the polysaccharides on constitutional lines 
is naturally more difficult than that of the related sugars The 
absence of crystalline structure, the inconvenient solubilities 
involved, and the uncertainty regarding the uniformity of the 
material under examination are disadvantages, the full measure 
of which quickly becomes apparent in the experimental treat- 
ment of the compounds. These obstacles have not been allowed bv 
Chemiste to stand in the way of investigating polysaccharide.; 
which have been examined with commendable patience vet it 
must be admitted that the reactions available for elucidating 
constitution are few in number and arc difficult to interpret. Above 
all, the lack of precise information leading even approximately 
to the molecular weight of members of the group has proved "a 
serious d,sadvantage. Two fundamental points, however have 

! 0 ormuir<CH 0g or d ' 7* P °^ cchrtto 38 3 Possess the 
< L 6 H nA>)*> apparently polvmerides of definite 

molecular units. Although little information can be gleaned from 
an empinea 1 formula of this nature, the situation becomes tare“ 

accLrid remem PK ; d ,hat ’ on com P lete hydrolysis, each polv- 
wchande ,s converted into a monosaccharide. Familiar examples 

Cellulose <;j Ua)M . 

Starch Glucose 

Glycogen Glucose 

Inulin — > Fructose 

®ay be^tterkf^r 1 !v hydrol} '® 8 is im P ortant but, on occasions, 
y ^leading, and consideration of one example will 
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give an indication of the pitfalls which await the investigator in 
this field. The fact that inulin is converted by the action of 
dilute acids into the ordinary lsevorotatory variety of fructose led 
very naturally to the idea that the polysaccharide is derived from 
this form of the sugar. Such is not the case, and it is now certain 
that the fructose molecule liberated when inulin is decomposed 
is a dextrorotatory ketose, which reverts at once to the stable 
ljevorot-atory variety. An extreme case, parallel with that of 
sucrose, has been quoted, but it serves to illustrate the caution 
which must be exercised in work of this description. Failure to 
appreciate the complex isomerism of which the monosaccharides 
are capable has led in other cases to hasty and premature 
speculation. 

Although, from the structural point of view, inulin is the most 
unique, and, in many respects, the most interesting of the poly- 
saccharides, it is perhaps advisable to deal, in the first instance, 
with members of the class which are related to glucose. I turn, 
therefore, to the case presented by cellulose. 

Cellulose . — In a paper now before the Society, results are described 
from which the constitution of the molecular unit of cotton cellulose 
mav be deduced. To avoid repetition, I shall omit a detailed 
discussion and confine myself strictly to a synopsis of the essential 
evidence. Cotton cellulose has been converted into a-methyl- 
glucoside in yields which are practically quantitative, so that 
there can be little reason to doubt that the polysaccharide is com- 
posed entirely of glucose units. This result, of course, gives no 
clue as to the linkage of these glucose residues, but the information 
has been supplied by a parallel research on fully methylated cellulose. 
The alkylation proceeds readily up to the dimethyl stage, but 
thereafter the methoxyl content rises very slowly, and it has been 
a matter of some difficulty to obtain a trimethyl cellulose and to 
prove that this product represents the experimental limit of the 
substitution. Now, it has been known for some years that when 
dimethyl cellulose is hydrolysed there results a complex mixture 
of methylated sugars, one component being 2:3: 6-trimethjl 
glucose. * This result, significant in itself, justified only one step 
being taken in ascribing a formula to cellulose, which, in const - 
quence, might be represented by the expression : 

| — CH 0 X 

I CH-OH 

? (H'OH 

l -y« 

CH 0 V 

CHj-OH 
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Beyond the fact that they must consist of some form of glucose 
residues, the nature of the groups X and Y remained quite unknown 
until the fully methylated cellulose I have mentioned was available 
for hydrolysis. In addition, a further complication was introduced 
(and the point is somewhat elusive) through lack of any information 
as to how the hydroxyl groups in cellulose are distributed between 
the different C a units. Applying the considerations already dis- 
cussed, reflection will show that, according to the manner in which 
the hydroxyl groups are shared by each C 6 component, a trimethyl 
cellulose may undergo hydrolysis in four different ways and that, 
as a rfiaximum, forty-nine methylated sugars may then be pro- 
duced. These formidable possibilities arc dealt with in the paper 
referred to, but the result actually obtained was the simplest 
possible of all the alternatives. Tri methyl cellulose was converted 
quantitatively into 2 : 3 : C- trimethyl methylglucoside, and this, in 
turn, yielded the corresponding sugar, unmixed with any isomeride 
or with any other derivative of glucose. A striking simplicity is 
thus established for the cellulose molecule, as the unknown frac- 
tions X and Y are shown to be identical with each other and with 
the nucleus glucose residue. In order to expand this result into 
a molecular structure, it is necessary to know how many of these 
glucose residues go to form the unit. The question is largely 
solved when the constitution of eellobiose is taken into account, 
as good grounds exist for claiming that this sugar is a definite 
fraction of the cellulose complex. The simplest expression of the 
cellulose molecule therefore consists of two an hydro -glucose residues 
connected as under : 

(XVI.) 

-('H »CH (0 H pC H(OHVCH’6 h-CH 2 ’ OH 

; q 1 

Further expansion of the formula is, however, necessary to accom- 
modate the fact that the yield of eellobiose from cellulose does 
not exceed DO per cent., and this important condition is satisfied 
by including three glucose residues in the molecule. There are 
four different ways of building up such a structure, but three of 
the formulae thus obtained imply that cellulose should be con- 
vertible into other disaccharides in addition to eellobiose. Experi- 
mental evidence is, on the whole, against this view, and, as the 
: remaining alternative is free from such an objection, it is meanwhile 
j selected as the most appropriate. 


r-CH 

1 CH-OH 
9 iH-OH 

l -CH 

CH (> 

CH 2 -0H 
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CH,-OH 


-o- 


-0 CH-CH*CH(OH)*CH(OH)-CH 

0 (XVII.) 

"0 ^H<!H(0H )-CH(0H)Hja»CH-CH,-0H 


The essential reactions of cellulose are satisfied by the above 
formula, but in two respects the results furnished by the methyl* 
ation process fail to complete the architectural scheme of the 
cellulose complex. No indication is given of the a- or p-configur- 
ation of the glucose components, and no idea is conveyed of the 
mechanism or extent of the polymerisation undergone by the 
simple molecule. Wc realise, however, that our work is not at 
an end, and it may be stated that, by the degradation of esparto 
cellulose, a compound corresponding to the molecular unit postu- 
lated above has already been isolated. Now that the outlines of 
the cellulose molecule have been defined, many further develop- 
ments will be apparent, and we are engaged in extending our 
researches to various forms of modified celluloses. 

Starch . — Turning to the problem of the constitution of starch, 
very much the same difficulties emerge as have been referred to 
in the case of cellulose and, viewed superficially, the two poly- 
saccharides have much in common. Like cellulose, starch is com- 
posed entirely of glucose residues and contains three hydroxyl 
groups for each C 6 unit present in the molecule. It does not 
follow, although this is almost invariably assumed, that each 
glucose residue contains three unsuhsti tuted hydroxyl groups, or 
that the distribution of the three groups is uniform. The primary 
reaction of starch which, so far as wc can tell, must be accommo- 
dated iu a structural formula is the produc tion of the di saccharide 
maltose by the action of diastase. Starch is also distinguished 
sharply from cellulose in being more readily hydrolysed by acids 
and this at once points either to 

(1) a different type of polymerisation, 

(2) a different mode of attachment betwee n the individual sugar 
residues, or to 

(3) a variation in the type of the glucose units. 

In other words, part of the starch molecule might conceivably 
be related to y -glucose, but this possibility can now be definitely 
excluded from the results furnished by ructhylation. These result 
are in themselves simple, but few reactions impose greater demand 
on the experimenter than the alkylation of starch. 
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As a rule, the procedure in methylating compounds of this 
nature is to use, in the first instance, methyl sulphate as the reagent 
and, when the m ethylation has proceeded far enough to render the 
product soluble in organic solvents, to complete the substitution 
by means of the silver oxide reaction. In the case of starch, there 
is clear evidence that these alternative reagents act in a different 
manner, owing to the preferential attack of silver oxide and methyl 
iodide on one particular hydroxyl group. The methylation can, 
in fact, be arrested definitely when a dimethyl starch is the sole 
product (OMe — 32 per cent.), but by varying the procedure, the 
metho'xyl content can be gradually increased until it reaches the 
value 37 per cent. It should be stated that this is not an absolute 
maximum, but represents a second definite stage beyond which 
further methylation becomes a matter of increasing difficulty. 
The lower value for raetboxvi (32 per cent.) corresponds, as stated, 
to a dimethyl starch, and no definite structural evidence is forth- 
coming from the hydrolysis of this eompound. On the other hand, 
the higher mcthoxyl content (37 per cent.) agrees with the 
theoretical amount required for an anhydrotrisaceharide, in which 
three methyl groups are attached to one glucose residue, whilst 
four such groups are shared by the two remaining glucose residues. 
Tin* same result has been obtained consistently in different pre- 
parations, and ultimate analysis has confirmed the composition. 
Hydrolvsis of this methylated starch shows that this is not a coin- 
cidence. The sugars thus produced were isolated in the form of 
the corresponding methylglucosides and separated by vacuum 
distillation. Two products were in this wav obtained, one being 
a trimethyl mcthylglueoskle, and the other a dimethyl methyl- 
glueoside. It is significant that these products were formed in 
the molecular ratio of i : 2. On isolating the respective sugars 
from the compounds, a totally unexpected result was obtained, 
as 2 : 3 : 6 -trimethyl glucose was produced from the trimethvl 
methylglucoside. As will be seen from inspection of formula X, 
we are forced to the conclusion that in starch one glucose com- 
ponent is linked in a manner which is duplicated in cellulose, 
cell obi ose, and in lactose, but is absent in maltose. Combining 
these factors, it follows that, as a minimum, the starch molecule 
must contain three glucose units arranged in such a manner that 
one pair displays the coupling present in maltose, whilst another 
pair reproduces the linkage characteristic of cellulose. The results 
summarised in the scheme given below indicate the conditions 
rt'hieh must be satisfied, and these an* fulfilled by anv one of three 
:ormul». 
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Starch 


/ 

\ 


Maltose 


(2:3:5: 6-Tetramethyl glucose 
\ 2 : 3 : 5-Trimethyl glucose . 


Methylated starch 


J 2 : 3 : 6»Triraethyl glucose . 
\ Dimethyl glucose 


1 mol. 
1 mol. 

1 mol. 

2 mols. 


r-CH — 
I CH-OH 

V yH-OH 


L. 


CH- 


I o | 

-CH 2 'CH(OH)'CH-CH(OH)'CH(OH)-CH 

6 (XVIII.) 

I 

-CH-CH(OH)-CH(OH)-CH-CH(OH)-CII 2 


r-CH O- 

I <!;h-oh 
V CH-OH 
L-6h 

CH o- 

ch 2 -oh 


l 0 1 

-CH-CH(OH)CH(OH)-CH-CH(OH)-CH 2 

I (XIX.) 

CH 2 -CH(0H)-CH-CH(0H)'CH(0H)1h 
I o 1 


r-CH 

! CH-OH 
? CH-OH 
1 — CH 


v H — 

CH.-OH 


I 0 1 

■CH j-CH (OH )-CH-CH (OH )-CH(OH)- CH 

A > xx -) 

CH s -CH(OH)-CH-CH(OH)-CH(OH)*CH 

! o 1 


(Letters in block type designate the potential reducing groups.) 

In renewing the three possibilities, there is no diagnostic reaction 
which will enable a final decision to be made between them, hut 
the formulae differ in one important respect. Maltose may 
be produced in one way only from formulae XIX and XX. 
and in two ways from the remaining alternative, which is thus 
preferred until the completion of work now in progress. The 
objections which may bo offered against the adoption of such a 
formula have been discussed elsewhere, and the view now expressed 
receives strong support from the fact that very similar results have 
been obtained with glycogen. 

Qlycogen. — In general, it may be said that the methylation of 
glycogen displays precisely the same features as were encountered 
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in the case of starch. The reaction shows a distinct tendency to 
cease at a stage where a dimethyl glycogen is the essential product, 
but frequent repetition of the alkylation occasions a slow increase 
in the methoxyl content, which has now been raised to a value 
close to that required for a trimethyl derivative. In a number of 
respects, however, minor differences arc apparent between methyl- 
ated starch and methylated glycogen, and these suggest that, 
although a close parallel exists between the respective molecular 
units, they may not prove to be identical. 

One highly important factor has already been established with 
certainty, and that is the formation of crystalline 2:3: 6-trimethyl 
glucose by the hydrolysis of a methylated glycogen containing 
37 per cent, of methoxyl. The reaction which gave this result 
proceeds in exactly the same way as the hydrolysis of methylated 
starch and points to the idea that an anhydro -trisaccharide repre- 
sents the glycogen molecule. Consequently both starch and 
glycogen resemble each other and also cellulose in possessing the 
unit shown in formula X. Beyond this, it is impossible to speak 
with certainty at the present time, as the constitution of the 
other hydrolysis products obtained from methylated glycogen has 
not been fully developed, 

Taking a general view of the three polysaccharides related to 
glucose, a number of interesting points emerge. The first un- 
doubtedly is their surprising simplicity. In the production of 
:hcse compounds in nature complications of structure have been 
avoided, and although in the end there are wide differences between 
the polymerised aggregates to which we apply the names cellulose, 
starch, and glycogen, the inner molecular structure is remarkably 
alike. Apparently the contrasting properties of these poly- 
saccharides are dependent chiefly on the extent and, more par- 
ticularly, on the mechanism of the polymerisation undergone by 
the molecules, and we know little or nothing concerning these 
factors. Analog)’ is dangerous, but as we arc dealing with mole- 
cular architecture, I may remind you that many different buildings, 
varying in design and function, may be erected with bricks of 
identical material and mould. The analogy may serve to reveal 
my opinion of the vast problems which have still to be solved 
before wc can trace how, and why, an anhydrotrisaccharide mole- 
cule can take up its place as part of a cellulose fibre or of a starch 
grain. 

A second generalisation is that polysaccharides are not complex 
glucosides in which the groups of one glucose residue are sub- 
stituted by chains of other glucose residues. Two synthetic dextrins 
have been shown to conform to this model, but no evidence is 
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forthcoming that any natural polysaccharide is constituted in such 
a way. But the most remarkable feature in cellulose, starch, and 
glycogen is the absence of any sugar residue possessing the structure 
of y-glucose, and on first inspection, this may be regarded as some- 
what damaging to the theory that the reactive type of this sugar 
plays a part in natural syntheses. On the other hand, a greater 
importance must hereafter be attached to position 5 in the glucose 
molecule, as it functions in the coupling of the hexose residues in 
five highly important saccharides. In submitting these formulae, 
it is perhaps necessary to sound a note of caution, as the double 
assumption is made that maltose is an integral part of starch, 
and similarly that the eellobiose unit is present in cellulose. 
There seems no reason to doubt these conclusions and they are 
generally accepted, but they have not been proved. 

Issues which are of special interest to the physiologist are raise*! 
in the relationship now established between starch and cellulose 
on the one hand, and between starch and lactose on the other, as 
one molecular fragment is common to all the compounds. A 
similar statement may be made regarding sucrose and inulin, as 
will be evident from the consideration of this polysaccharide. 

Inulin . — A common view is that inulin is the direct analogue of 
starch, from which it differs in being based on fructose in place 
of glucose. The distinction is, however, more deeply-seated than 
the above statement implies, and inulin occupies a position which 
is unique among natural carbohydrates. It is the only compound, 
so far as known, which is built up of hexose units belonging 
exclusively to the type known as “ '/-sugars.” This feature of the 
polysaccharide has already been referred to, and a diagrammatic 
scheme will show the succession of reactions which lead to this 
conclusion. 

Inulin — ^ Fructose — ^ 1:3:4; 6-Trtrainethyl fructose .... A. 

| (lsevo) (la? vo) 

r 

Trimethyl — > Trime thy 1 fructose — »- Tcliainethyl y-fruotoSQ . . . B. 

inulin (dextro) (dextro) 

The ultimate products A and B are definitely isomeric, ami a 
fundamental change in structure must therefore take place during 
one of the reactions involved. On the basis of evidence which, 
if complicated, is nevertheless conclusive, it has been shown that 
it is the conversion of inulin into hevorotatory fructose which is 
at fault. During this change the internal ring in the sugar assumes 
the stable butylene-oxide position. This is not present hi the 
original polysaccharide, but no such intramolecular change from 
the unstable to the stable type is possible in the parallel hydro- 
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lysis of trimethyl inulin, as the hydroxyl group necessary for the 
alteration is substituted. 

Our earlier work on inulin established several points of primary 
importance. All the fructose residues were proved to conform 
to the y-type, and, moreover, each C 6 unit was shown to contain 
three hydroxyl groups. One important piece of structural evidence 
remained undetermined, but this can now be supplied. 

If the hydroxyl groups in inulin are similarly distributed among 
all the C 6 chains, then the trimethyl 7 -fructose obtained from 
trimethyl inulin must be a single chemical individual. Con- 
versely, in the event of the hydroxyl groups being unsymmetricaily 
arranged, then a mixture of the four possible trimethyl y-fructoses 
would result. To obtain the necessary evidence has been difficult, 
and has demanded the preparation of large quantities of trimethyl 
y-fructose which, unfortunately, is a viscous, uncrystallisable 
syrup. The liquid has been shown to be homogeneous in every 
respect, and the complete symmetry of the inulin molecule is thus 
established. It is, on paper, a simple matter to utilise these results 
so as to construct a molecular formula for inulin, but some doubt 
still remains as to the constitution of trimethyl y-fructose. The 
compound has the same internal oxygen ring which is present in 
the ketose component of sucrose, but the position of the unsubsti- 
tuted hydroxyl group is not yet determined with certainty. Until 
this has been done, it is premature to ascribe a complete structural 
formula to inulin, but the most probable structure is 

CH 2 -OH 

rY 0 x 

I (JH-OH 

0 CH-OH (XXI.) 

1 tH 0 Y 

the same unit being represented at XY or at X and Y. 

y-Sugars. 

In the preceding sections, I have been under the necessity from 
time to time of referring in passing to y-sugars, and it seems 
expedient, in closing, to summarise our knowledge regarding these 
important variations in sugar molecules. This is desirable, as 
hitherto no attempt has been made to compile a general survey 
of what is known regarding y-sugars and, as considerable interest 
taken in these compounds, I begin with the statement that the 
name applied to them is not descriptive, but is, in a sense, accidental. 
As is well-known, the best-defined reducing sugars can generally 
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be obtained in two isomeric forms which display mutarotation in 
opposite directions, and this is attributed to the rearrangement 
of the groups in the reducing position. The expressions a and {1 
were applied to designate these isomerides, and the two muta- 
rotatory forms of glucose serve as standard examples in illus- 
tration. Now this isomerism has been proved to be in no way 
dependent on the position of the internal oxygen ring in the sugar, 
since both a- and p-glucose have been correlated with the butylene- 
oxide form of tetramethyl glucose. The discovery that another 
variety of glucose exists, in which the oxygen ring is differently 
attached, could not be accommodated by the nomenclature then 
in use, and the expression “ y-glucosc ” was applied to it. The 
name “ 7 -sugars ” has therefore a very general significance, and is 
used to include all forms in which the oxygen ring is displaced 
from the normal stable position. This is not entirely satisfactory, 
but a more exact nomenclature cannot be applied until the complete 
structure of each of these sugars has been established. Meanwhile 
it may prevent confusion if it is pointed out that y-sugars, retaining 
as they do a reducing group, can exist in oc- and (3- modifications, 
and the same remark applies to their glucosides. 

Up to the present, it has been ascertained that glucose, galactose, 
mannose, rhamnose, and fructose are all capable of existing in 
y-forms, and there seems no reason to doubt that the property is 
general. In no case, however, has an unsubstituted y-sugar been 
isolated, although we recognise their transient existence, and 
can in some measure study their properties by examining their 
methylated derivatives. The presence of the methyl groups in 
these derivatives prevents any alteration in the ox 3 r gen ring, and 
thus the constitutional type is preserved. Before summarising 
the chemistry of y-sugars, it may be mentioned that their discovery 
did not originate in any single dramatic observation, but that 
the evidence accumulated gradually. One of my laboratory note- 
books, describing work carried out exactly twenty years ago, 
gives an account of the methvlation of sucrose, and the separation 
of the sugars thereafter formed on hydrolysis. Crystalline tetra- 
methyl glucose was isolated and, in addition, the corresponding 
fructose derivative was obtained by means of condensation in 
the cold with methyl alcohol, followed by the usual fractional 
distillation and hydrolysis. The complete analysis of the product 
was carried out, its composition was ascertained to be that of a 
tetramethyl fructose, and its specific rotation was shown to be of 
the order + 27°. The entry in the book states that the work was 
at this stage suspended, there being no adequate explanation as 
to why a methylated fructose should be dextrorotatory. The 
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compound was, in fact, pure tetramethyl y-fruetose, but many 
consecutive researches were necessary before the discovery could 
be interpreted. A subsequent paper on the methylation of fructose 
added materially to the evidence that the ketose can react in a 
dextrorotatory form, and about the same time a result of equal 
significance was forthcoming. A laevorotatory trimethyl glucose 
was obtained from glucose monoacetone and, in investigating the 
origin of this compound a new laevorotatory form of tetramethyl 
mcthylglucoside was isolated, thus showing that , not only can 
d-fructose react in a dextro -form t but d-glucose can exist in a laevo- 
rotatory variety. 

At this stage, Fischer published his paper on y-methylglucoside, 
which was quickly followed by our account of the isolation and 
properties of tetramethyl y-glucose. In view of this theoretical 
development, the way u r as now clear to resume the study of 
.sucrose and to expand the scope of our work. 

For reasons already stated, the properties of -/-sugars have to 
be inferred from those of their methylated derivatives, and, so far, 
the following examples together with the corresponding “ methyl- 
gluoosides ” are available for study : 

Tetramethyl y-glucose (laevo) 

Trimethyi y-glucose (laevo) 

Tetramethyl y -galactose (laevo) 

Tetramethyl y-mannose (laevo) 

Tetramethyl y-fructose (dextro) 

Trimethyl y-fructose (dextro) 

In reviewing the reactions of these sugars, one is struck by the 
close resemblance shown to natural processes. For example, the 
compounds undergo oxidation with extreme ease, being affected 
by mild oxidising agents, and in illustration it may be mentioned 
that tri methyl y-glucose reduces Fehling’s solution instantaneously 
in the cold. At the ordinary temperature also they are converted 
into glucosides at a speed which is remarkable, especially when 
it is remembered that the formation of a- metliylglu coside requires 
a treatment of approximately sixty hours at 100'\ In at least 
one case (tetramethyl 7 -galactose) a reducing sugar of the y-type 
is known to pass spontaneously by auto ‘Condensation into a non- 
reducing disaccharide. These striking properties are far removed 
from those of a normal sugar. 

Great difficulties have been encountered in attempts to solve 
the constitution of y-sugars, and experimental work has been 
largely confined to tetramethyl y-glucose, trimethyi y-fructose, and 
tetramethyl y-fructose. In the case of the glucose derivative, the 
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first opinion formed was that an ethylene-oxide ring was present, 
but this view has been modified in favour of the propylene-oxide 
structure. Similarly, an amylene-oxide constitution is at present 
supported for tetr am ethyl y -fructose, so that, meanwhile, the 
parent sugars may be represented as 


1 — CH*OH 

(j'Hj-OH 

P CH-OH 

rv-oH 

l ch 

y CH'OH 

CH'OH 

1 CH-OH 

CH*OH 

] CH-OH 

GHg'OH 

1 — ch 2 

7 -Glucose. 

7 -Fructose. 


It is already evident that the butylene -oxide structure cannot be 
assumed for any sugar even in its most stable form . Thus crystalline 
xylose, which displays none of the properties of a y-sugar, has 
recently been shown to be an amylene-oxide and in this respect 
at least resembles y-fructose. 

I admit that speculation in the absence of experiment is best 
avoided in the carbohydrates, but in the course of investigating 
many varieties of y-compounds I found it impossible to reject the 
idea that the ordinary crystalline, comparatively stable sugars of 
the laboratory are not the forms which are primarily elaborated 
by the plant or disrupted by the animal. The fructose which we 
store in the chemical museum and produce as a lecture specimen 
is not fructose as it exists in combination in sucrose or in inulin. 

The idea conveyed above is that the natural processes leading 
to the formation of sugars and their derivatives, as also the ultimate 
utilisation of carbohydrates by the animal organism, involve a> 
intermediate stages the transient formation of y-forms. The 
evidence may not be particularly convincing save to those who 
have handled all types of carbohydrates at the working bench, 
but it is certainly the case that we have fleeting glimpses of extra 
ordinarily reactive sugars, which, in the process of artificial isolation 
from either plant or animal sources, undergo rearrangement to the 
sugars as we know them. This is not inconsistent with the results 
obtained in either hydrolysis or synthesis effected by enzymes. 
If this suggestion is substantiated, it may have far-reaching effects 
in studying physiological processes, and in the treatment of con- 
ditions such as diabetes, in which the metabolism of sugare is 
abnormal. Research designed to test this idea was commenced 
three years ago, and the first tentative steps have been taken to 
ascertain if living tissue promotes the formation of y-glucose. The 
evidence obtained is encouraging, but further progress is hampered 
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by the inaccessibility of y-sugars and the lack of trustworthy 
methods of identifying them. When it is remembered that 
y.glucose and y-fructose revert instantaneously to their respective 
stable forms in the presence of 01 per cent, of hydrochloric acid, 
it will be agreed that there is little prospect of detecting these 
fugitive isomerides by ordinary processes. Analytical methods 
are of no avail, and polariraetrie evidence alone is insufficient and 
often misleading. No doubt these difficulties will be surmounted 
in time, but only when the detailed chemistry of y-sugars has been 
advanced on systematic lines, and when knowledge exceeds 
impatience. 

Having in a sense created y-sugars for you, it may appear con- 
tradictory if I say that I have some doubts as to whether these 
substances are, after all, chemical individuals. They may only 
represent a condition of the sugar molecule which originates in 
the mechanism whereby a sugar forms certain of its derivatives. 
To make the point clear by means of an example, we need not 
assume that in the formation of sucrose a molecule of normal 
glucose condenses with a molecule of y-fructose in such a manner 
that each loses a hydroxyl group. 

CH./OH 

I — (jS'O H HO-C 1 

I yH-OH y’H-OH j 

I y'H’OH 4 - t'H-OH I 
5 — t’H yH-OH ; 

CH-OH yH 2 ! 

CH.-OH 1 

I suggest that y-fructosc may have no real existence, and that the 
condensation may be equally well explained on the assumption 
that fructose functions as a ketone. In such a case, two hydroxyl 
groups become involved, and although one of these must be the 
reducing group of the aldose molecule, there is no reason, once tire 
reaction is initiated, why the ketose itself should not furnish the 
second group. 

y%OH 


CH*0;H 

o:y 

n 9 H ‘ 0H 

yH-OH 

V V H ‘OH 

CH'OH 


; CH-OH 

CH’OH 

H 0‘CH > 

C%OH 



IT 2 
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An amylene-oxide ring is thus formed in the ketose component, 
and here we see the production of a y -residue without the previous 
existence of a y -sugar. Similar considerations apply to the form- 
ation of y-glucose derivatives which may be formed in condensation 
reactions in which glucose reacts as an aldehyde. These sugges- 
tions are not without the support afforded by numerous analyses, 
and meanwhile the whole subject is a maze of possibilities, and 
enlightenment is still remote. 

For example, if the question is raised as to why sucrose is so 
remarkably unstable towards hydrolysis, the existence of an amylene- 
oxide ring in the fructose component provides no answer. Methyl 
xyloside is likewise an amylene-oxide, yet the compound resists 
the effect of dilute acids, whilst (i-glucosan, which contains a hexyl- 
ene*oxide ring, is notably stable. Again, fructosemono- and di- 
acetones both undergo hydrolysis with a facility which resembles 
that displayed by sucrose, but nevertheless both of these com- 
pounds are based on the stable type of fructose in which a butylene- 
oxide ring is present. These apparently contradictory results 
reveal that the special instability of y-derivatives does not depend 
primarily on the presence of any particular internal ring in the 
sugar. 

On the other hand, when aldehydes or ketones condense with 
hydroxy-compounds (including sugars), the products resemble 
sucrose in their ease of hydrolysis. Numerous isopropylidene and 
benzylidene derivatives may be quoted in illustration and the 
reactions in which such compounds are formed have been shown 
to follow the course indicated below : 

Rv HOR» R x ,0R 2 

>0 + 2 2 

r/ hor 3 r/ x or 3 

Applying this to the special case of carbohydrates, y-sugars may he 
regarded in a new light. y-Fructose may, in fact, be nothing more 
than the ketonic form of the sugar, and y-glucose the corresponding 
aldehyde. It may well be that the aldoses and ketoses, functioning 
in their primary 7 capacity as aldehyde and ketone, are the reactive 
sugars in nature, but this much seems clear. No naturally -occurring 
compound of glucose, whether glucoside, disaccharide, or poly- 
saccharide, has been found to contain the y-glucose structure and 
the reactive type of the sugar has hitherto been obtained only 
under artificial conditions. In sharp contrast, the two most 
important natural derivatives of fructose are each based on '/-fructose, 
which may possibly prove to be the connecting link in natural 
processes whereby the interconversion of ketoses and aldoses @ 
effected. 
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The structural studies which I have laid before you are admittedly 
incomplete and the various formulae now suggested represent only 
stages in knowledge and have no claim to finality. Much reliance 
has been placed on the validity of the m ethylation process as a 
means of determining constitution, but it has to be remembered 
that in the carbohydrates most speculation of the kind is now based 
on results obtained by this particular method. If I may add one 
personal note, it is that I have submitted these results, not as an 
individual contribution, but as the work of a loyal research school. 
The colleagues, collaborators, and students who have played their 
part in the laborious work involved, if unnamed now, are always 
gratefully remembered by me. But one name may be mentioned, 
for memory dwells specially on the one who carried the spirit of 
this Society to St, Andrews and who provided the facilities and 
the enthusiasm which it has been my good fortune to share. I 
refer to Thomas Purdie. 



ANNUAL GENERAL MEETING, 

Thursday, March 22nd, 1923, at 4 p.m. 


Sir James Walker, D.Se., F.R.S., President, in the Chair. 

A statement was made by the Treasurer regarding the finances 
of the Society for the past year, and the adoption of the Report of 
Council, together with the Balance Sheet and Statement of Accounts 
for the year ending 31st December, 1922, proposed by Col. C. T, 
Heycock and seconded by Prof. J. B. Cohen, was carried 
unanimously. 

Report of Council, 1922-1923. 


Though the past year shows a considerable diminution in the 
number of new Fellows elected, 238 as compared with 349 in 1921, 
the Council is gratified to report that the Society continues to 
increase in membership. 

On December 31st, 1921, the number of Fellows was 3,912. 
During 1922, 238 Fellows were elected and 11 reinstated, making 
a gross total of 4,161. The Council regrets that the number of 
Fellows who have resigned or allowed their membership to lapse 
owing to non-payment of annual subscriptions is unusually heavy 
in the year under review, no less than 63 resignations having been 
received and 88 Fellows removed, as against the corresponding 
figures of 49 and 54 in 1921 . Thirty-seven Fellows have died, and 
election has been declared void in the case of 6 newly elected Fellows. 
The total number of Fellows as at 31st December, 1922, therefore, 
was 3,967, showing an increase of 55 over that of the previous year. 

The sincere congratulations of the Society are offered to Mr. 
William Spiller, elected on January loth, 1863, who has been a 
Fellow for more than sixty years, and to the following who have 
attained their jubilee as Fellow's : 

Elected. 


Edmund Neville Nevill 
Joseph Ardeme Ormerod 
Archibald Liversidge ... 
Joseph Lmnson Wills 
Thomas Williams 
Sir George Thomas Beil by 
George Brownen 


June 1st, IS71. 
May 16th, 1872, 
Nov. 7th, 1872, 
Dec. 5th, 1872. 
Dec. Otl), 1872. 
Dec. 19th, 1872. 
Feb. 20th, 1873. 


It was with the greatest regret that the Council accepted, in 
October last, Dr. M. 0. Forster’s resignation of the office of 
Treasurer. Since 1901, with but tw r o years’ break, Dr. Forster 
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rendered the Society most willing and valuable service in the 
capacities successively of Member of Council, Secretary, Vice- 
President, and Treasurer. In accepting Dr. Forster's resignation, 
the Council expressed its most cordial appreciation of his services 
and its good wishes for his success in the important work he had 
undertaken. 

Prof. J. F. Thorpe was selected by the Council to fill the 
Treasurership until the next Annual General Meeting, while the 
vacancy thus created in the Vice-Presidents was filled by the 
appointment of Dr. J. T. Hewitt for the same period. 

The Council received with deep regret the news of the death of 
Prof. Alexander Crum Brown, who held the office of President 
from 1891 — 1893, and who had been a Fellow of the Society for 
more than fifty-six years. Sir James Walker has undertaken to 
prepare an obituary notice for the Transactions. 

The Society has to mourn the loss of two of its distinguished 
Honorary Fellows, Prof. Ph. A. Guye, who died on March 27th, 
1922, and Prof. Georg Lunge, whose death took place on January 
3rd, 1923. Six Honorary Fellows have been elected, so that the 
present number is 28. 

The volume of Transactions for 1922 contains 2,919 pages, of 
which 2,806 pages are occupied by 347 memoirs, the remaining 
113 pages being devoted to Obituary Notices, the War Memorial, 
the Trust Deed of the Edward Frank Harrison Memorial Trust, 
lectures on special subjects, the Report of the General Meeting, 
and the Presidential Address. The volume of the preceding year 
contained 243 memoirs, occupying 1,990 pages. The Journal for 
1922 contains also 5,453 abstracts, occupying 2,116 pages, whilst 
the abstracts for 1921 numbered 4,005, and occupied 1,636 pages. 
This very large increase in the number of abstracts over the pre- 
ceding year is not entirely due to the increased number of papers 
on chemistry published during the year; as stated in the last 
Report, owing to delay in transmission of foreign journals in 1921. 
a considerable number of abstracts (probably between three and 
four hundred) which should have appeared in that year are pub- 
lished in the present volume. 

The abstracts may be classified as follows : 


Organic Chemistry 

Physiological Chemistry 

Chemistry of Vegetable Physiology ami Agriculture 

No. of 

Pages. Abstracts. 

— 1937 

— 023 

— 417 


J22S 2977 
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Part II. 


General and Physical Chemistry 

— 

1179 

Inorganic Chemistry 

— 

493 

Mineralogical Chemistry 

— 

73 

Analytical Chemistry 

— 

731 


888 

2476 

Totals in Parts I and II 

2116 

6453 


The number of reprints supplied free by the Society has been 
increased from 10 to 25, plus 10 extra for each author of a paper 
in excess of one. 

The Council desires to thank the Abstractors and the Con- 
tributors to the Annual Reports for their valuable services during 
the past year. 

It has been decided to publish in the Transactions, when 
ready, the International Table of Radioactive Elements and 
their Constants as well as the Table of Isotopes prepared 
under the auspices of the Union Internationale de la Chimie 
Pure et Appliquee. Further, in connexion with the Union, a 
Bureau for Physico-chemical Standards has been established at 
Brussels University; this Bureau will serve as a centre for the 
preparation and collection of substances of the highest purity, the 
physical constants of which have been determined with precision 
and which shall be at the disposal of research workers. 

The Memorial to Lieut.-Col. E. F. Harrison and other Fellows 
of the Society who fell during the War, has now been erected, and 
was unveiled on the 15th November last by the Rt. Hon. the Earl 
of Crawford and Balcarres, K.T. The artistic merit of the com- 
bined Memorial is admitted by all, and the Council desires to 
associate itself most cordially with the tribute paid by Lord Craw- 
ford to the work of the artist, Mr. Ernest G. Gillick. The alter- 
ations incidental to the erection of the Memorial have resulted in 
a very notable improvement on the landing outside the meeting 
room, and the appreciative thanks of the Council have been con- 
veyed to His Majesty’s Office of Works for the generous assistance 
afforded in this matter. 

The Harrison Memorial Committee has handed over the balance 
of their funds in trust to the Chemical Society for the foundation 
of a prize to be awarded every three years for outstanding original 
work by young chemists. The terms of the Trust Deed have been 
published as a part of the Transactions for 1922. 

As is well known, the Society of Chemical Industry has recently 
begun the publication of a weekly journal entitled “ Chemistry and 
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Industry,*' It appeared to the Council that such a journal might 
prove a valuable factor in consolidating the interests and strengthen- 
ing the influence of the various chemical and allied Societies in 
this country. On this ground and in its desire to support the 
project, the Council undertook to send copies of the first six issues 
to all those Fellows who are not Members of the Society of Chemical 
Industry, and to distribute the new journal throughout 1923 to 
those Fellows (not being Members of the Society of Chemical 
Industry) who expressed a desire to receive it. The copies required 
for this purpose (exceeding 500) are being supplied free by the 
Society of Chemical Industry, the charge of 10<s. per Fellow being 
made to cover postal and other expenses. 

During the past year a scheme for co-operation with the American 
Chemical Society in the future conduct of the Journal of Physical 
Chemistry has been inaugurated. According to this scheme the 
Journal from January 1924 onwards will be issued under the joint 
auspices of the American Chemical Society, the Chemical Society, 
and the Faraday Society. The control will be in the hands of an 
Editorial Board, consisting of four American members and four 
British members (three appointed by the Chemical Society and 
one by the Faraday Society) together with an Editor-in-Chief, 
chosen by these eight members. The Chemical Society repre- 
sentatives on the Board are to be Prof. T. M. Lowry, Prof. J. W. 
McBain, and Prof. J. C. Philip. The Faraday Society is repre- 
sented by Prof. F. G. Donnan, whilst the American members are 
Dr. Arthur L. Day, Prof, G. A. Hulett, Dr. Irving Langmuir, and 
Dr. W. Lash Miller. These eight members of the Editorial Board 
have already appointed Dr. Wilder D. Bancroft as the first Editor- 
in-Chief. 

The warm thanks of the Council were accorded to Sir William 
A. Tilden for the gift of a letter from Sir Humphry Davy and a 
photograph of the late Lord Rayleigh ; to Mr. G. H. Gabb for a 
copy of the Priestley Medal, and to the Maccabscans for a replica of 
the Meldola Medal. 

The Council arranged for four lectures to be given during the 
Session 1922 — 1923. The first was held on October 26th, when 
Sir William Bragg delivered his lecture on “ The Significance of 
Crystal Structure ” ; Prof. C. H, Desch gave his lecture entitled 
u Tbe Metallurgical Applications of Physical Chemistry" on 
December 14th, whilst on February 22nd Principal J. C. Irvine 
delivered his lecture on “ Some Constitutional Problems of Carbo- 
hydrate Chemistry.’* The Baeyer Memorial Lecture, by Prof. 
W. H. Perkin, will be given on May 10th, and on June 14th Prof. 
C. Moureu will deliver (in French) a lecture entitled “ Les Gaz 
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Rares des Sources Thermales, des Grisous et autres Gaz Naturels” 
Such special lectures continue to meet with keen appreciation, and 
the Council desires to record its great indebtedness to those gentle- 
men who so generously place their services at the disposal of the 
Society. 

Facilities have again been granted to London County Council 
teachers to attend the Ordinary Scientific Meetings. This privilege 
does not apply to attendance at the Lectures. 

The Council has nominated Sir William J, Pope to represent 
the Society on the Council of Honour of the International Air 
Congress to be held in June, 1923. 

An address of congratulation to the University of Padua on the 
celebration of the 700th Anniversary of its foundation was pre- 
sented to the University by Mr. A. Chaston Chapman, who, together 
with Prof. G. Barger, represented the Society on the occasion. 

At the celebration of the 150th Anniversary of the foundation 
of the Academie Royale de Belgique, Sir William J. Pope repre- 
sented the Chemical Society. 

Prof. H. E. Armstrong and Mr. E. V. Evans were appointed to 
represent the Society on the deputation to the Minister of Health 
organised by the Coal Smoke Abatement Society to urge the 
Government to take immediate steps to deal with smoke abate- 
ment and to give legislative effect to the unanimous recommend- 
ations of Lord Newton’s Departmental Committee. 

During 1923 the Society will be represented on the Federal 
Council of Pure and Applied Chemistry by Prof. J. C. Philip, Sir 
William J. Pope, and Prof. J. F. Thorpe. 

An appeal from the Federal Council for financial support received 
the sympathetic consideration of the Council. The object in view 
is to provide a central building in which the chemical societies of 
the country can be adequately housed. Towards the current 
expenses of the Federal Council, the sum of £100 has been granted 
by the Council for 1923. Further, the Society agreed to pay the 
travelling expenses of two delegates from the Federal Council to 
the International Conference held at Lyons in June-July, 1922. 

After due consideration the Council decided to terminate, as 
from 31st December, 1922, the Society's membership of the Con- 
joint Board of Scientific Societies. 

At the request of the Association of British Chemical Manu- 
facturers, the Council nominated Dr. J. T. Hewitt and Prof. J. F. 
Thorpe as the Society’s representatives on the Provisional Com- 
mittee to organise the Chemistry Section of the British Empire 
Exhibition. 

A Committee has been formed at Rome to make arrangements 



ANNUAL GENERAL MEETING. 


927 


for the celebration of the 75th birthday of Prof. Emanuele Patemo. 
It is proposed to found a Patemo Medal to be awarded annually 
to the chemist, in Italy or elsewhere, who makes the most important 
discovery of the year. Subscriptions may be sent to the Treasurer 
of the Chemical Society, Prof. J. F. Thorpe. 

In view of the continued distress in Russia, the President issued 
in September last a further Appeal on behalf of Russian Men of 
Science and the gratifying sum of more than £210 has at present 
been received, besides many valuable parcels of clothing and books. 
Some £115 has been spent since September last on the purchase 
of clothing and food, and it is satisfactory to report that up to 
the present every parcel, whether of food, clothing, or books has 
reached its destination, 

In reply to the Committee of Intellectual Co-operation of the 
League of Nations, attention was drawn to the decision of the 
Council to send the Journal for 1922 to those Universities and 
Technical High Schools in Austria which made application. So far 
the University of Vienna is the only institution which has applied. 

In response to an appeal from the Institute of Physics for support 
of the guarantee fund for the proposed Journal of Scientific 
Instruments, the Council has agreed to contribute the sum of £50 
to the fund. 

The Council has also decided to subscribe £100 annually for 
three years towards the expenses incurred in the publication of 
the Annual Tables of Constants and Numerical Data. 

The attention of the Council has been drawn during the past 
year to advertisements in the chemical Press in which the names 
of Fellows appeared followed by the letters " F.C.S.” The Council 
deprecates the use of these letters by Fellows in such connexion, 
since the letters do not denote a professional qualification. 

As announced in the last Report of Council, an arrangement 
is in force by which Fellows of the Chemical Society are afforded 
facilities for reading papers on pure chemistry before meetings of 
the Provincial Local Sections of the Society of Chemical Industry, 
and the Council is gratified to record that advantage has been taken 
of this arrangement at a number of centres. 

The attention of the Council having been directed to the decision 
of the Government to discontinue scientific inquiry into questions 


of indigo production in India, a memorial was presented to the 
Secretary of State for India strongly deprecating this step, which 
was viewed with the utmost concern by those interested in the 
industry in India and in the future of the textile trade (J this 
country. The India Office informed the Council that the memorial 
had been brought tu the notice of the Indian Government. 
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Following the reports of the Committee on the standardisation 
of scientific glassware, the Director of the National Physical 
Laboratory invited the Chemical Society to contribute to the 
expenses of further proposed work on these lines. The Council, 
however, declined to do this on the ground that the financial 
responsibility for such investigations would most appropriately be 
undertaken by the Scientific and Industrial Research Department. 

The additional advantages afforded by the extension of the 
Library and the increased hours of opening continue to meet with 
appreciation. Excluding the evenings on which meetings of the 
Chemical Society were held, there were 5,719 attendances during 
the past year as compared with 5,434 in 192L Of the 5,719, 4,229 
were made by our own Fellows, while 1,490 were made by members 
of contributing Societies, as against 1,195 in 1921. 

A comparison of the number of books borrowed from the Library 
during 1922 with that for 1921 gives the figure 4,145 as against 
3,585. Since 1919, the year in which the full scheme was first in 
operation, the proportion issued to persons other than Fellows of 
the Chemical Society has been 1M per cent. (1919), 15*7 per cent. 
(1920), 18*8 per cent. (1921), and 20-9 per cent. (1922); whilst as 
regards attendances the corresponding figures are 15-4 per cent., 
15’8 per cent., 22 0 per cent., and 26*1 per cent. 

The additions to the Library comprise 216 books, of which 93 
were presented, 690 volumes of periodicals (including a gift of 164 
volumes from the Society of Chemical Industry), and 39 pamphlets, 
as compared with 244 books, 441 volumes of periodicals, and 163 
pamphlets list year. 

The total amount expended on the Library in 1922 was approxim- 
ately £1,572 10s,, towards which the sum of £421 10s. was received 
from contributing Societies, There is reason to think that the 
expenses of the Library will continue to increase and the Council 
earnestly hopes that the contributing Societies will give the scheme 
their generous support . 

The Library now contains 26,738 volumes, consisting of 8,029 
books and 18,709 bound volumes of periodicals. 

In response to a request from the Institute of Chemistry 
registered Students of the Institute have been allowed during the 
year the use of the Library for reading, but not for borrowing, 
purposes. 

The accounts of the Society for the past year give an excess of 
expenditure over income of £136 10s. Id., the total income being 
£140 4 s. 8 d. less than in 1921. On comparing the accounts of the 
two years it will be seen that the amount received for Life Co®’ 
position Fees in 1922 is £1137 10$. less than in 1921, and the interest 
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from deposit is £44 135. 1 d. as against £88 12^., whilst the net income 
from advertisements shows a diminution of £31 5$. Id. Against 
these, the Annual Subscriptions show an increase of £250 125., 
and the sales of publications have realised £958 19a. 3d. more than 
in 1921. Had the Life Composition Fees equalled those received 
in 1921, the total income would have shown an increase of 
£997 5s. 4 d. On the recommendation of the Finance Committee, 
the Council has defcided in future that the amount received as 
Life Composition Fees shall be capitalised, only the interest 
accruing therefrom appearing in the Income and Expenditure 
Account. 

Apart from the War Memorial, which cost £451 105. 2d., the total 
expenditure in 1922 exceeds that for 1921 by £25 18s. Id. The 
principal items showing an increase are Abstractors’ Fees, 
£221 16s. 2d.; Distribution, £213 19s., and Authors 5 Copies, 
£96 Os. 2d. The cost of printing the Journal, which occupies 
5035 pages and is 1264 pages longer than in 1921, has risen by 
£122 5s. 7 d. only, as against £1442 19s,, the corresponding figure in 
last year’s accounts when the Journal showed an increase of 415 
pages over that for 1920. The previous highest number of pages 
in the Journal was 4977 in 1914. On the other hand, owing to a 
substantial reduction in the charges for paper and binding, the 
Annual Reports for 1921 cost £205 55. 5d. less than the pre- 
ceding volume, and the List of Fellows shows a saving of £32 os. 4 d. 

In the last Report the hope was expressed that the cost of the 
Journal per page had reached its maximum, and it is gratifying to 
record a substantial reduction this year, the cost being £2 0a. 6d. 
per page as against £2 12$. 4d. in 1921. During the past twelve 
months, paper has fallen in price, whilst in the latter part of the 
year there have been two cuts in printing charges amounting to 
nearly 10 per cent. ; there should thus be a still further diminution 
in the cost per page of the Journal in 1923, since these reductions 
will apply to the whole year. 

The value of the Society’s Securities now stands at £36,475 6s. 3d., 
shoving an increase of £3468 1 75. 7d. over that of the previous 
year. 

On the advice of the Bankers, the Council decided to sell the 
Metropolitan 3£ per cent, stock, of which £6730 was held on 
General Account and £4400 on the Research Fund Account, and 
to devote the proceeds to the purchase of 31 per cent. Government 
Conversion Loan, 1961. The Metropolitan Stock was sold at 
ex dividend and the new stock purchased at 75,";, . The Society 
flow holds £8272 105. 3d. Conversion Loan on General Account 
and £5408 Is. Id. on Research Fund Account. Allowance being 
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made for the fact that a full half-year’s interest becomes payable 
on 1st April, 1923, this will provide an increase of annual income of 
nearly one per cent. It has also been decided to sell the £4300 
National War Bonds, of which £4000 is on General Account and 
£300 on Research Fund Account, and to devote the proceeds to the 
purchase of 3J per cent. Government Conversion Loan. 

The Council has had under consideration the question of the 
Society acting as its own publishers, but after deliberation it was 
agreed to accept the offer of Messrs. Gurney & Jackson to continue 
to act as publishers on a total commission of all sales amounting 
to 10 per cent. 

Arrangements for the publication of Volume VI of the Collective 
Index (1913-1922) are well in hand, and it is hoped to publish the 
Authors’ Index in May or June, 1923, the Subject Index following 
in March 1924. The price of the Index was fixed at £2 17a, to 
Fellows applying by Christmas, 1922, and at £3 Is. to those making 
application thereafter. A considerable reduction has been made 
in the prices of Volumes I to V of the Collective Index, as 
stated on the slip attached to the Journal for January, 1923. 

The Society’s Fire Insurance has been increased and now covers 
the War Memorial. A policy has also been taken out insuring the 
books in the basement against damage caused by water. 

A Committee was appointed to consider whether it would he 
advisable to place in the hands of an agent the arrangements con- 
nected with the advertisements appearing in the Journal, and the 
Council adopted the report of the Committee advising that the 
matter should continue to be left in the hands of the Assistant 
Secretary. 

The Grants from the Research Fund amount to £836 7s. 6 d. as 
against £629 in 1921, and exceed the annual assured income by 
some £240. The following Research Grants were made during the 
year, the Council making a recommendation to the grantees that 
the materials required for the research for which the grant was 
made should, as far as possible, be purchased in this country : — 


£ a. d. 

Hydrogen ion concentration for hydroxides, carbonates, and 

sulphates of some of the rarer elements. W. R. G. Atkins 10 0 0 

Condensation of ketones. A. J. Attwood ... 12 0 l* 

Action of bromine in the presence of pyridine on compounds of 

the benzene and naphthalene series. E. do 13. Barnett ... 5 0 0 

Studies in the anthracene series (continued). E. do B. Barnett 10 U t< 

Study of certain fused reciprocal salt-pair systems. H. Bassett. 2 " <■’ 

The study of some aliphatic, and cyclic sulphides. G. M. Bennett 10 0 11 

Researches on reaction velocity. E. J. Bowen 10 0 u 

Experiments on gels and on the theory of solutions. S. 0. 

Bradford 10 0 0 
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Experiments on the decomposition of tungsten and other metals. 

H. V. A. Briscoe 

Physico-chemical researches on some of the rarer metals and 

their salts. H. T. S. Britton 

The effect of electro-negative substituents on the carbon tetra- 
hedral angle. C. C. M. Broughton 

Action of fuming sulphuric acid and allied reagents on saturated 
aliphatic and alicyclic hydrocarbons and some derivatives 

(continued). G. Burkhardt ... ... 

The mechanism of the inhibition of indole -production by indole- 

producing bacteria. B. H. E. Cadness 

Studies in ring formation (continued). W. A. P. Challenor ... 
Interaction of sodium chloride and various oxides at elevated 

temperatures. F. H. Clews 

Aliphatic sulphonamides (continued). J, B. Cohen 
The Friedel-Crafts’ reaction. Anomalies and modifications. 
M. Copisarow 

Kinetics of the reaction between sodium alkyl aeetoacetic esters 
and alkyl iodides. J. J. Creasy 

(а) Synthesis of certain polynuclear nitrogenous ring systems ... 

(б) Steric hindrance and substitution in the aromatic series. 

W. Davies 

Formation of c/em-disubstituted tetrahydropyrrole rings. F, 

Dickens 

Electrolytic precipitation of certain hydrosols. J. J. Doolan ... 

Resolution of ttf-apomorphine. W. Doran 

Interaction of PhNj and menthyl cyanoacefcate and related 

reactions. P. K. Dutt 

Preparation of derivatives of mercury dibenzyl and of analogous 

compounds. P. Edgerton 

The alkylation and ring-chain tautoinerism of the dihvdro- 
resorcinyl esters. W. E. Ellis ... 

Electro* osmosis. F. Fairbrother 

Unsaturated cyclic ketones and their employment in the pro- 
duction of associated ring systems. E. H. Farmer 

The sorption of gases by carbon. J. B. Firth 

The effect of an accumulation of alkyl groups on the ease of forma- 
tion of the cyclopropane ring in glutaric acids. P. M. Fisk 
The temperature coefficient of the reaction velocity in the action 
between methyl iodido and various alkyl oxides of sodium. 

W. J. Gale .* 

Absorption spectra of some disulphides and derivatives. D. T. 

Gibson 

Organo'derivatives of thallium (continued). A. E. Goddard ... 
Orgftno-derivatives of antimony. A. E. Goddard 
Synthesis of new associated alicyclic systems. F. R, Goss 
Absorption spectra of organic compounds. H. Graham 
Mobility of symmetrical triad systems. J. P. Griffiths ... 
Chemistry of bridged ring compounds exhibiting intra-annular 

tautomerism (continued). II. C. Grim wood 

Electrochemistry and thermochemistry of solutions of electro- 
lytes in methyl alcohol, if. B. Hartley 
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£ a. d. 

Influence of molecular collisions on the chemical activation of 

molecules in thermal reactions. C. N. Hinshelwood ... 15 0 0 

The reactions of glutaconic acid and its eater. R, T. 

Holden 12 0 0 

Synthesis of norpinic acids. C. Hollins ... ... ... ... 10 0 0 

New syntheses of diketopyrrolines and of 4-oxazolones. C, 

Hollins 5 0 0 

A study of diphasic systems from the point of view of surface 

tension. S. S. Joshi ... ... ... ... ... ... GOO 

Influence of the nitro- group on the reactivity of substituents in 

the benzene nucleus (continued). J. Kenner 10 0 0 

Resolution of substituted diphenic acids into optically active 

components. J. Kenner 10 0 0 

Reactions of 0-phenylglutaric acid and its derivatives. J. 

Kenner 10 0 0 

Study of bridged-ring compounds (continued). E. W. Lanfear 15 0 0 

Researches on colloids (continued). J. IV. McBain ... ... 20 0 0 

Condensation of a-alkyloxy -ketones. T. Malkin ... ... 10 0 0 

Reactions of a periodic or oscillatory character. J. E. Myers 12 0 0 

The formation and properties of dithio-ketones and dithio-ethers. 

K. G. Naik 15 0 0 

Synthesis of polyaeetic acids of methane. L. C. Nickolls ... 10 0 0 

Investigation of gallotannin (continued). M. Nierenstein ... 10 0 0 

Quantitative determinations of the velocity of splitting of 
heterocyclic compounds and the effect of size and 8ub9ti- 

tuents on the velocity constants. J. H. Oliver 12 0 0 

Action of liquid nitrogen totroxide on water at low temperatures. 

J. R. Tark 5 0 0 

(а) Investigation of the gases evolved from older rocks... ...\ 

(б) The relative affinity for bases of different acids at high | 9 q ^ g 

temperatures and its bearing on refractory materials. W, H. I 
Patterson ... ... ... ... ... ... ... ...J 

Reactions occurring when mixtures of oxygen and ammonia are 
sparked and the decomposition of ammonia by sparking 


with electrolytic gas. A. J. Prince ... 13 0 0 

The electrical conductivity of aqueous solutions* especially the 

alkalis and mineral acids. H, R. Kaikes ... ... ... 12 0 0 

Preparation of camphor derivatives containing enlarged rings, 

L. R. Ridgway 10 0 0 

Interaction between aldehydes and ketones and aliphatic nitro- 
compounds. H. A. Scarborough ... ... ... ... 10 0 0 

Studies in ring structure. E. A. Seeley ... ... 10 0 0 

The value of the ratio C p C, for gases, particularly nitrous oxide. 

W. G. Shilling 10 0 0 

Attempt to prepare open-chain unsaturated compounds which 

will be tautomeric with their ring isomeridos. B. Singh ... 10 0 0 

Influence of steric factors on the relative orienting powers of 

alkyloxy-groups. J. C. Smith 10 0 0 

The formation of tetrahydronaphthaleno derivatives from 

7*phenylbutyric acids. A. Stevenson 15 0 11 

Researches on the surface tension of organic substances. S. 

Sugden ... ... ... ... ... ... ... ... 10 0 0 
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The variation in the degree of hydrolysis with dilution of certain 

oxime hydrochlorides. L. B. Tansley 10 0 0 

Kinetics of successive reactions, with special reference to oxid- 
ation and reduction reactions. R. W. M. Thomson ... 20 0 0 

preparation of methylphthalic acids. H. Toms ... ... 10 0 0 

Organic compounds of arsenic. E. E. Turner 15 0 0 

Formation of four-membered ring compounds by the additivo 
union of two substances each having a double linkage. 

S. D. Weaver 10 0 0 

The quantitative reduction by hydriodic acid of halogenated 

1 : 3 diketones and allied substances. R. W. West ... 15 0 0 

Synthesis of diethylthiocarbocyanine iodide. J. B. Whitworth 12 0 0 

Absorption of oxides of nitrogen by lime. F. A. Williams ... 8 0 0 

Total £836 7 6 


The Treasurer then proposed a vote of thanks to the Auditors 
for their services in auditing the Accounts of the Society for the 
past year. This was seconded by Dr. X. V. Si dg wick and acknow- 
ledged by Prof. T. S. Moore. 

A vote of thanks to the Treasurer, Secretaries, Foreign Secretary, 
and Council for their services during the past year, proposed by 
Mr. A. Chaston Chapman, and seconded by Dr. J. A. Voelckeb, was 
carried with acclamation, acknowledgment being made by Prof. 
H. E. Armstrong, who had served on the Council continuously 
for a period of fifty years. 

The President declared that the following Fellows, who had been 
nominated to fill the vacant places on the Council, had been duly 
elected : 

President . — William Palmer Wynne, D.Sc., F.R.S. 

Vice-Presidents who have filled the office of President . — Sir William 
Jackson Pope, K.B.E., M.A., D.Se., F.R.S,; Sir James Walker, 
D.Sc., LL.D., F.R.S. 

Vice-Presidents who have not filled the office of President. — John 
Theodore Hewitt, M.A., D.Sc., Ph.D., F.R.S. ; Gilbert Thomas 
Morgan, D.Se., F.R.S.; John Millar Thomson, LL.D., 

F.R.S. 

Treasurer. — Jocelyn Field Thorpe, C.B.E., D.Se., F.R.S. 

Ordinary Members of Council. — Edward Frankland Armstrong, 
D.Sc., Ph.D., F.R.S.; Walter Norman Haworth, D.Sc., Ph.D.; 
Christopher Kelk Ingold, D.Sc. ; Hamilton McCombie, D.S.O., M.C.. 
M.A., D.Sc.; Gordon Wickham Monier- Williams, O.B.E., M.C., 
M.A., Ph.D.; Joseph Reilly, M.A., D.Sc. 

Dr. 11. C. Farmer, Prof. T. S. Moon 1 , and Prof. J. F. Spencer 
were unanimously elected Auditors to audit the Accounts of the 
Society for the year 1923. 
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The President then delivered his address entitled “ Symbols 
and Formulae.” 

A vote of thanks to the President for his eminent services in the 
Chair during the past two years, and for his address, coupled 
with the request that he would allow his address to be printed in 
the Transactions, was proposed by Prof. J. Norman Collie, 
seconded by Prof. H. B. Baker, and carried with acclamation, 
acknowledgment being made by the President. 
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PRESIDENTIAL ADDRESS. 

Delivered at the Annual General Meeting, March 22nd, 1923. 

By Sir James Walker, D.Sc., LL.D., T.R.S. 

Symbols and Formulas, 

Symbols are both an aid and an obstacle to thought. Their 
brevity and simplicity may help us, working according to a fixed 
system, to perform mental operations which without their aid 
might be practically impossible. Their generality too may, as 
in algebra, enable us to solve thousands of problems in one. On 
the other hand, we sometimes find in science a system of symbols 
which, at first of great value, may in virtue of its very success so 
warp our thought or limit our mental outlook as to constitute a 
real hindrance to scientific progress. And there is always the 
danger, arising from our familiar and constant use of the symbol, 
either of forgetting what it properly symbolises, or of confusing 
the symbol with the thing symbolised. 

Tiie function of the symbol is a practical one; in Machs phrase, 
it is to effect economy of thought, and it is precisely because mankind 
at large is so economical of thought that the dangers of symbolism 
originate. The danger, however, must be faced by the student 
of chemical science, for without symbols systematic advance is 
impossible : the symbols are based on a theory and permit the 
representation of that theory in detail. 

If we examine the practical requirement of a satisfactory system 
of symbols we shall find that the system must be simple in itself 
and simple to operate. Consider the Roman schoolboy confronted 
with the problem of multiplying MOMXXIII by OX LI V. The 
system of notation is not too complicated, but to operate with it 
is practically impossible. To perform his task he must abandon 
the symbolism and have recourse to concrete objects — the fingers 
or an abacus. The Arabic notation, on the other hand, with its 
consistent valuation by position and the introduction of a symbol 
for zero, enables us, once we have passed the barriers of the addition 
and multiplication tables, to perform arithmetical calculations of 
all kinds with ease and speed. It is simple in itself and simple to 
operate. 

The same requirements are essential to a system of chemical 
symbols. The first symbols, those for the metals known to the 
ancients, indicated nothing but their supposed association with 
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the planets and the gods ruling them, Thus the solar disk stood 
for gold, the lunar crescent for silver, the mirror of Venus for the 
Cyprian metal copper, and so on. Towards the end of the eighteenth 
century we see the beginnings of our present system of elementary 
symbols. Hassenfratz and Adet (1787) used for the non-metals 
straight and curved lines which could be combined together (much 
as in phonetic shorthand) to represent the qualitative composition 
of compounds. The symbol for a metal was a circle and to dis- 
tinguish one metal from another the initial of its Latin name was 
written within the circle — thus ( was the symbol for antimony. 

Dalton used for metals and non-metals alike only circular symbols, 
doubtless to represent spherical atoms, and in his hands the symbols 
assumed a quantitative significance based upon his atomic theory. 
Tor the simple non-metals these symbols were arbitrarily chosen, 
0 representing an atom of oxygen, O an atom of hydrogen, 0 
an atom of nitrogen and so on. For the metals he adopted the same 
device as Hassenfratz and Adet, using, however, the English instead 
of the Latin names, so that for example © represented an atom 
of lead. Compounds could be represented by the juxtaposition of 
the elementary symbols, which now gave, not only the qualitative, 
but also the quantitative composition of the compound. Thus, 
for Dalton, water was represented by the symbol QO , denoting 
the combination of 7 parts of oxygen with 1 of hydrogen. Berzelius 
(1815) took the final step by using Latin initials for all the elements, 
dropping the circles which had surrounded them, and employing 
affixed numerals to indicate the number of times the symbol had 
to be repeated. It is true that Berzelius spoiled the uniformity of 
his system by using a special dot symbol for oxygen and writing sutli 
formulae as S for sulphur trioxide. These dotted symbols, however, 
found little favour except amongst mineralogists, and gradually 
passed out of use. The disuse of the circles is not without signi- 
ficance — the symbol to Berzelius represented a combining weight 
rather than a concrete atom, and the dual quantitative use persists 
in the interpretation of symbols to-day. The symbol C stands 
for one atom of carbon or “ twelve parts by weight ” of carbon. 
So we may say that more than a hundred years ago a system of 
formulation had been reached which, with minor alterations, is 
in use at the present time for the representation of elements and the 
composition of compounds, and is never likely to be superseded, 
It is uniform, plain, and simple in itself, and simple to use in the 
equations representing chemical change. 

The purely compositional formuhe, however, fall far short of 
expressing what calls for expression in various classes of chemical 
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compounds : action and structure have to be considered as well as 
composition. The dualistic formulae of Berzelius illustrate early 
attempts in this direction. The formula of sodium sulphate is 
Hot written empirically as Na 2 S0 4> but dualistically as Na 2 0,S0 8 . 
This formula indicates inter alia that the sodium and the sulphur 
belong to two essentially different parts of the compound. The 
modern electro-chemical dualism writes Na’ 2 S0 4 ", again indicating 
the same division of a positive from a negative portion. In organic 
chemistry the representation of structure by means of formulas 
achieved success by the clear recognition of valency, in particular, 
the quadrivalence of the carbon atom. At this point of develop- 
ment the notion of the atom as structural unit becomes indispensable. 

The valency of an element on its experimental side is in essence 
a numerical conception. We divide a weight by a weight, namely, 
the atomic weight by the equivalent weight, and obtain in con- 
sequence a mere number. When we pass from element to atom, 
however, the conception undergoes a transformation, and receives 
a concrete meaning. The valency of an atom may be interpreted 
as its capacity for combining with other atoms, again a numerical 
conception, but one leading directly to a symbolism and indirectly 
to a mechanical interpretation. Each atom is conceived as having 
a definite number of places for the attachment of other atoms, 
and as the number is in each case small, we can conveniently 
represent it in a graphic symbol. 

It is not without interest to look back to the origin of graphic 
or constitutional formulae and see the beginnings of our conventional 
system. Couper and Kckule, the originators of the idea, suggested 
systems widely differing from each other. Couper ( 1858) symbolised 
acetic acid as follows, 

n 0 OH 

c 

c h 3 

in appearance a near approach to present day usage if we allow for 
the fact that lie assumes 0 = 8 and C = 12. The manner of 
linking of various atoms is indicated, but their valency is not clearly 
symbolised. Kckule’s graphic formula ( 1 859) for the same substance 
is shown in the figure. 


Acetic Acid 



(Loschmidt. ( 


(KokulA.) 
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The valency is satisfactorily represented, but the linkage of the 
atoms is confused. Only atoms touching in a vertical line are 
supposed to be directly linked. The system is cumbrous, and 
Rekule himself used it but sparingly. For branched chains it 
becomes impracticable. 

Loschmidt (1861) devised a clear logical system which, although 
he formulated by its means hundreds of compounds, some of a 
very complex nature, found no favour amongst chemists. His 
symbol for acetic acid is given in the figure. Here linkage and 
valency are adequately represented but the atomic symbols are 
arbitrary, and the system, like Kekule’s, is cumbrous to use. 

Simultaneously with Loschmidt, Crum Brown (1861), although 
he was unaware of Couper’s work, used a symbolism resembling 
his, and practically identical with that in current use. He writes 
glycol as follo'ws : 

0 ® 

® 0 0 © -® 0 

0 0 

Here valency and linkage are clear, and the atomic symbols are no 
longer arbitrary. Wurtz in 1864 gave the following formula (I) for 
the same substance : 

H H 

(IT.) I (III.) 

H- -C- -0- -H H — C — 0 — H 

I I 


The line of development of modern graphic formula then is through 
Couper, Crum Brown, and Wurtz, and not through Kekule or 
Loschmidt. The reason for the preference shown by chemists is 
that the symbolism adopted is more obvious, simpler to use, simpler 
to reproduce, and easily adaptable to all organic compounds. 

There is a dual character in our graphic formulae which it is 
important that we should realise. Let us begin with the graphic 

symbols of the elements, thus : H — , — 0 , , where each 

short line represents a unit of valency. To the graphic symbols of 
molecules is but a step ; the atoms are represented as united together, 
the valencies indicating the manner of attachment (II). The direct- 
ness or indirectness of union of the atoms is here given ; no hydrogen 
atom is in this formula directly attached to another; they are onij 


H 

4 

(!•) eiT, 

fh 2 

o 

H 
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indirectly united through carbon or oxygen. For brevity, we join 
up the lines representing the valencies of the various atoms and 
obtain the customary formula (III). A great change in significance 
has, however, at this stage taken place : the valencies have 
become " bonds ” — the idea of force has entered. What that force 
is remains indeterminate; it is merely something binding atoms 
together, and the interpretation of the symbols Is not quantitative 
in this respect. The “ bonds ” do not represent equal forces; it 
is patent that the bond between hydrogen and carbon in the formula 
for methyl alcohol represents a different force from that between 
hydrogen and oxygen. The current symbolism may then be inter- 
preted in two senses ; the lines joining the atomic symbols may be 
taken to represent on the one hand merely the union of the atoms 
to the symbols of which they are attached, or they may represent 
forces existing between these atoms. Confusion of these two 
senses sometimes leads to erroneous reasoning. 

This dual character of graphic formulae is noticeable from their 
earliest employment, and I need make no apology in illustrating 
it from the work of Crum Brown, whose recent death deprived our 
Society of its senior Past-President. In the formula for glycol 
quoted above he states (1861) that the dotted lines therein employed 
represent polar forces. In 1864 he represents ethane thus (IV), 

i i 

(IV.) © — 0 — © — © 

! I 

I I 

0 ® 

each valence being written independently. He says ; “ I may 
here shortly explain the graphic notation which I employ to express 
constitutional formulae. ... An atom is represented by its usual 
symbol surrounded by a circle with as many lines proceeding from 
it as the atom contains equivalents. . . . When equivalents 
mutually saturate one another the two lines representing the 
equivalents are made continuations of one another. 5 ’ Here he has 
discarded the idea of polar force in his original formulation in favour 
of the simpler conception of number of equivalents. In 1866 he 
writes continuous lines between the symbols, and in 1868 puts 
the matter thug, “ The structural formula of formic acid [V] indicates 
first, that the four carbon equivalents form one atom, the four oxygen 
equivalents two atoms, and the two hydrogen equivalents two 
atoms; secondly, that these equivalents are united in pairs, thus — 
w, co, co, ch, ho, but it does not in any way indicate (and we do not 
know) what is the potential of each of these pairs — that is, how 


(V.) 


(S' 
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much energy would be required to separate the equivalents from 
each other. We know that this potential depends upon the structure, 
and we can to a certain extent trace the nature of this dependence, 
but as yet we cannot express the potential numerically, and till 
we can do that we do not fully know the constitution.” 

On the one hand, then, our “ bonds ” stand for mere units of 
valency, on the other they are an imperfect representation of 
forces. Were the representation of forces more complete, methyl 
alcohol would appear somewhat as shown in the figure, the small 
letters representing numerical values. Even this formula, however, 
only gives the magnitude and not the real direction of the forces, 
and is besides static, not kinetic. We naturally shrink from 
complexity such as this : imagine the formula of sucrose on a 
similar basis. We must content ourselves with something simpler, 



and yet the simple valency formula has for long been felt to he 
inadequate. Apart from the idea of definitely directed valencies 
which leads to stereochemical formulae, the idea of representing 
partial valencies has been constantly in the foreground. We 
cannot properly split valencies in the old sense, but we can sub- 
divide forces ad libitum. If the subdivision is carried too far, 
however, the formulae may approach in complexity formulae with 
quantitatively measured forces, such as that indicated in the figure. 

What the chemist requires in his system of formulation is some- 
thing, not which he can mecwwre, but which he can count — counters, 
in short. Such numerical counters he possesses in valencies, in 
co-ordination numbers. He may be forced to consider the adoption 
of counters of different kinds, for the purpose of representing 
essentially different distributions of force; but these counters, 
if they are to be of general practical value, must neither be too 
numerous nor of too great variety. Partial valencies, augmented 
valencies, diminished valencies, virtual valencies, /represented by 
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lines of various sorts, thick, thin, curved, dotted, etc., all tend to 
complicate formulae, which lose in obviousness what they gain in 
definition. The humiliating fact must be admitted that the average 
man does not succeed in counting quickly and accurately by 
inspection any larger number of “ bonds ” than he has fingers on 
one band, unless they are appropriately grouped — witness the wrong 
valencies found, not merely in examination scripts, but even on 
the printed page. We ought then to set strict limits to the splitting 
of “ bonds ** and the issue of fractional valency counters. 
Fortunately, the physicist has provided us with a new counter, 
the electron, which has the great merit of being a physical reality, 
and, moreover, of being an undecomposable magnitude, so that 
there is no temptation and no possibility of dividing it further. 
This counter enables us practically to halve ordinary valencies, 
and so offers many advantages. In the original form given by 
J. J. Thomson, lines in the formula are made to represent tubes of 
force passing from an electron of one atom to the positive core of 
another, and since in electrically neutral atoms, for each tube of 
force which passes out of an atom a return tube must come in, 
directly or indirectly, one valency line on the old scheme is repre- 
sented by two tubes of force on the new. The new formulation 
enables us to write, for example, symmetrical formulae for benzene 
and for the carboxyl group, if we so desire, thus : 


H 

II 


H=</ %=H 
TnJ p — h 

*=V/= H 

it 



H 


Or, again, we may represent the valency electrons directly in 
our formulae, each atom being equipped with its doublet, sextet, 
or octet. Such formulae, or modifications of them, are coming 
extensively into use when multiple bonds are in question, and 
there is no doubt that with the electron or electronic tube of force 
as counter we obtain a more adaptable and more flexible formulation 
of organic compounds than that afforded by the older valency 
formulas, although only with some sacrifice of their simple character. 

It will be gathered from what I have said that my plea is for the 
utmost obviousness of our symbols and formulae. Their content 
and connotation may be as rich as we please ; the symbols themselves 
should be of elementary simplicity. But, it may be asked, w’hy 
should we seek to limit the investigator striving for chemical self- 
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expression to four whole valencies for carbon if he wants a dozen 
partial valencies to facilitate his own thought or to convey hi? 
exact meaning ? And why should he hesitate to adorn his formula 
with arrows or positive and negative signs of polarity if he feels 
the necessity ? The answer to such questions must be of a practical 
nature. The investigator for his own use may employ a symbolism 
as elaborate and as complex as he chooses, but if he wishes to secure 
the understanding and sympathy of others he must curb any 
spirit of exuberance. A system of chemical formulation to have 
general currency must not be too elaborate. Otherwise, although 
it effects economy of thought to the expert who devises it, it may 
demand such a mental strain of the general chemical reader as to 
defeat a main purpose for which it was planned, namely, the 
communication of knowledge. I would quote, both with regard to 
chemical symbolism and to chemical nomenclature, the words used 
by a character of Henry James concerning literature, “ The observer 
is nothing without his categories, his types and varieties. . . . That's 
for his own convenience ; he lias privately a terminology to meet 
it. . . . But from the moment it’s for the convenience of others, 
the signs have to be grosser, the shades begin to go. . . . Literature, 
you see, is for the convenience of others. It requires the most 
abject concessions.” Scientific literature is, above all, for the 
enlightenment and convenience of others, and scientific specialists 
must be prepared to make concessions to their weaker or less expert 
brethren. But whether the symbols we use are simple or compli- 
cated, we should always be clear as to their true significance, and 
be on our guard against their distracting our thoughts from the 
realities which they partly reveal and partly obscure. 


OBITUARY NOTICES. 

FREDERICK JAMES LLOYD. 

Born 1852; Died February 8th, 1923. 

F. J. Lloyd was one of the group of younger men who, coming 
under the influence of the late Augustus Voelcker, then chemist to 
the Royal Agricultural Society of England, learnt from him the 
methods of agricultural analytical practice, and, in particular, the 
application of the principles of agricultural chemistry to the every 
day needs of the farmer. This group, comprising Alfred Sibson, 
John Ruffle, John Hughes-all now deceased — and H. H E 
Shepherd, Alfred Smetham, Bernard Dyer, and J. A. and E. 
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Voelcker, still with us, qualified in this way either to start in ana- 
lytical practice on their own account, or to become advisers to one 
or other of the agricultural societies and organisations w T hich then 
began to spread through the country. Lloyd was one of the.se, 
and his after-work was associated mainly with two such Societies, 
the Bath and West of England Agricultural Society and the British 
Dairy Farmers’ Association. 

Born in 1852, Lloyd was educated at Bristol Grammar School, 
and, coming to London in 1870, he, through the introduction of his 
cousin, Mr. H. M. Jenkins, then Secretary of the Royal Agricultural 
Society of England, obtained a post in the late Dr. Voelcker’s 
private laboratory. Leaving this after four years, he went as 
assistant to the late Sir Thomas Stevenson at Guy’s Hospital, and, 
on the Royal Agricultural Society opening their own laboratory at 
Hanover Square in 1881, Dr. Voelcker again took him as senior 
assistant there. Here he remained until autumn, 1883, when he 
started an analytical practice on his own account in the City of 
London. 

brom that time Lloyds work was concerned mainly with the 
dairying interest, and, becoming chemist to the British Dairy 
banners Association in 1885, he continued his active interest on 
behalf of that body until his death. He was, in this way, respon- 
sible for the extensive series of analyses required in connexion with 
the Dairy Shows annually held at the Agricultural Hall, a work of 
no small moment or concern. But Lloyds work was much more 
than mere routine. He took particular interest in questions of 
animal nutrition, and contributed to the Journal of ike British 
Dairy banners Association a number of papers bearing on this 
subject, burther, in his association with the Bath and West of 
England Agricultural Society, of whose Journal he was for a 
number of years co-editor, he carried out extensive investigations 
both on cheese-making, in relation chiefly to the chemical points 
involved, and on the manufacture of eider. His work on this 
latter subject, begun at Glastonbury in the year 1893, did a great 
deal to put the cider industry on a more scientific basis, and if was 
indeed the starting point of the research work subsequently so 
greatly developed at the Agricultural and Horticultural Research 
Mat ion, Long Ashton, Bristol, by Mr. B. T. P. Barker. 

Lloyd held several appointments as agricultural analyst under 

e ertilisers and ieeding Stud's Act, and was a prominent member 
o£ ^ Centrai Chamber of Agriculture, interesting himself in all 
ma ters of a chemical nature affecting the farming industry. 

He was quite a good chemist, an accurate analyst, and a hard 
WOr er< Pressed a sound knowledge of agricultural chemistry, 



OBITUARY NOTICES , 


948 

and for some years acted as abstractor for the Chemical Society. 
He published in 1884 “ Science of Agriculture ” {Longmans), the 
outcome of lectures which he had given in his capacity of lecturer 
on Agriculture at King’s College, London. Of his scientific work, 
however, it must bo said that it never obtained for him the recog* 
nition which it deserved, and others built up largely on the 
foundations which he had laid. 

Peculiarities of temperament and a certain aggressiveness stood 
much in his way and made his life a chequered and hard one, for 
he never succeeded in establishing a really good analytical practice, 
and his later years were attended by much anxiety. At the same 
time, he was a man who ever held the highest ideals as to the dignity 
of the chemical profession, and, whether in the Institute of Chemistry 
(of which he was a Fellow), or at the Farmers’ Club {at which he 
was often a capable contributor to the discussions), he never failed 
to uphold these views and to impress that the profession of chemistry 
should occupy a more important position, and be more extensively 
made use of in the pursuit of agricultural and other industries. 

Lloyd died, after a very brief illness, on February 8th at the 
age of seventy. 

J. A. VOELCKEK. 


GEORG LUNGE. 

Born September 15th, 1839; Died January 3rd, 1923. 

By the death of Professor Lunge, on January 3rd of this year, the 
Society has lost one who for upwards of fourteen years had been 
an Honorary Fellow. 

Georg Lunge was a native of Breslau, and was born on September 
15th, 1839, consequently he was in his eighty-fourth year at the 
time of his death. His higher education was received at the 
University of his native town. After graduating as Doctor of 
Philosophy, Lunge migrated in 1859 to the University of Heidelberg, 
where, at that time, Bunsen and Kirchol? were actively engaged 
in those researches which laid the foundations of spectrum analysis, 
and where, but a short time previously, laboratory facilities had 
been improved by the introduction of the now so familiar appliance 
the Bunsen burner. 

By 1862, Lunge had determined to embrace an industrial career, 
and started a small factory for the manufacture of artificial manures ; 
this enterprise proving unsatisfactory, he, in 1864, came to England 
and remained in this country for some twelve years. For a part 
of this period he was engaged as chemist in the tar distillery of 
Messrs. Major & Co., at Wolverhampton. Later, with the intention 
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of entering the British heavy chemical industry, he went to the 
Tyne, where, at that time, some twenty-six alkali works were in 
full operation. His first attempts in this direction do not appear 
to have been very encouraging, but ultimately he secured the 
appointment of chemist and works manager to the Tyne Alkali 
Company, a small works at South Shields. Tn this capacity he 
remained on Tyneside until 1876, when he relinquished the post 
in response to the call to the Professorship of Chemical Technology 
m the Polyteehnikum of Zurich, rendered vacant hv the death of 
Emil Kopp. 

In this position Lunge found a sphere more congenial to his 
genius, and one in which his profound and extensive knowledge 
his practical experience, and tireless energy found full scope! 
Lunge s success as a teacher, his investigations and writings, 
created such a reputation that students from far and near who 
desired to equip themselves for a career in industrial chemistry, 
were attracted to Zurich to study under a teacher who was a recog! 
nised authority. In 1907, Lunge resigned the post lie hail filled 
for thirty-one years. Two years after his retirement a medal was 
struck. to celebrate the seventieth anniversary of his birthday, 
with his portrait on the obverse, and the reverse representing him 
at work with his nitrometer and volumeter, devices which*], ave 
materially extended the use of gas, .metric methods in quantitative 
analysis. 

The titles of liis numerous jiapers contained in the Royal Society's 
catalogue show Lunge to have been an exceptionally active worker 
A large proportion of these publication, deal with technical methods 
of procedure, and constitute a s|>eml service to analytical chemistry. 
It is interesting to note that his two chief treatises, namely, " foal 
Tar and Ammonia " and " Sulphuric Acid and Alkali," ‘are eon. 
eonied with those branches of chemical industry of which he had 
obtained practical experience whilst resident in this country. The 
former was published in 1SI.7, and the latter in 1S7S; both have 
passed through several editions, haw been (cry materially added 
to, and these together with the work on technical Jhemica! 
analysis are universally recognised as reference books hulls- 
reusable to the technical chemist. Ills smaller works "the 
technical Chemist's Handbook" and "Technical this Analysis." 
may also be regarded as valuable contributions to the advancement 
" m<l " strial chemist it. inasmuch as they contain descriptions of 
rust worthy and exact methods for the analysis of products and 
nc control of processes of manufacture. 

1 hiring his residence on Tyneside. Lunge did much to promote 

<m m crest m the scientific aspect of the chemical industries of the 

'UI- CXXUI. .... 
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district, and was one of the active workers in the Newcastle Chemical! 
Society, which was founded in 1868, with Mr. Isaac Lowthian Bell 
(afterwards Sir Lowthian Bell, Bart.) as its first President. Of 
this Society Lunge was elected President in 1872. When this. 
Society, in 1883, became the Newcastle Section of the Society of 
Chemical Industry, Lunge, an original member of the last-named 
Society, was enrolled as a member of the Newcastle Section, with 
which he maintained a close association until the time of his death. 
His interest in its welfare was shown by using its Proceedings as a 
medium for the publication of many of his valuable contributions, 
as also in his ready willingness to subscribe, as occasion arose, to 
special funds raised by the members of the Section. 

In 1889, Lunge, on the invitation of the Liverpool Section, de- 
livered the first of the lectures, inaugurated to commemorate the 
valuable sendees of Dr. Hurter to chemical industry; Impending 
Changes in the Development of Industry and particularly of the 
Alkali Industry ” formed the subject of the lecture on this occasion. 

Amongst the distinctions conferred on Lunge in recognition of 
his great services, the Honorary Degree of Dr. Tug. of the Trchnisehe 
Hochschule, Karlsruhe, should be mentioned. Surely a most fitting 
exercise of the new powers and privileges granted to the authorities 
of such Institutions. P. P. B. 


ALEXANDER SMITH. 

Born September 11th, 1865; Died September 8th, 1922. 

Alexander Smith was born on 11th September, 1865, in Edin- 
burgh, where his father was a well-known musician. He was 
educated at the Collegiate School, and in 1SS2 he entered the 
University of Edinburgh as a science student. He studied chemis- 
try under Crum Brown, mathematics under Ohrystal, and natural 
philosophy under Tait. Although chemistry was his main subject, 
he spent some time at research in physics under Tait's direction. 
In 1886, he graduated as B.Sc., and during the three following years 
pursued the study of chemistry in the University of Munich, where 
he worked in Baeyers laboratory, chiefly under the direction of 
Olaisen. After graduating as Doctor of Philosophy in 1889. hi 
returned to Edinburgh and was appointed assistant in the chemistry 
department of the University. This appointment he held for one 
year only, for during a trip to the United States in the summer 
vacation of 1890 ho was offered and accepted the Chair of Chemistry 
and Mineralogy in Wabash College, Crawfordsvillc, Indiana. During 
his short tenure of the Chair the number of undergraduates studying 
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'chemistry more than doubled. In 1894, he joined the staff of the 
newly-founded University of Chicago with the rank of Assistant 
Professor, soon raised to that of Associate Professor. In 1903, he 
was appointed to an independent Chair and was made Director of 
■General and Physical Chemistry. He remained in Chicago until 
1911, when ho received the appointment of head of the Department 
of Chemistry in Columbia University, New York, a position which 
he retained until his retirement through illness in 1921. 

As a teacher and organiser of instruction in chemistry Alexander 
Smith stands pre-eminent. The qualities which later gained him 
so high a reputation were observable in his teaching in Edinburgh 
when he was a young man of four- and- t wenty. A course of lectures 
which he delivered then on organic synthesis stimulated the interest 
of his hearers in an extraordinary degree. He had an easy, fluent 
style of delivery, knew intuitively how to keep the attention of the 
audience he was addressing, and had the invaluable gift of selecting 
and impressing the essential points of his subject. In America he 
devoted much thought to the manner of presentation of chemistry 
to students of various types and of different ages, ranging from 
secondary scholars to post-graduate workers, and, fortunately for 
his fellow-teachers, he embodied his principles in an admirable 
cries of text-books. As chairman of a sub-committee of the 
Nation Al Education Association of the United States, he prepared 
n 1899 an outline course in chemistry for secondary schools, which 
* now the basis of the chemistry work of the secondary schools 
hroughoufc America. His Laboratory Outline of General 
..'heinistry, 5 ’ issued in the same year, was the precursor of the 
■orresponding theoretical work, the “ Introduction to General 
Inorganic Chemistry," which, appearing in MKH>, met with immediate 
acceptance in the English-speaking world, and has since been 
translated into the language of almost every country where scientific 
study is pursued. His other educational works of later date were 
characterised by the same originality of thought and orderliness of 
method. It is a testimony to the esteem in which his text -books 
were held that one of them was translated into German by Professor 
Haber, lie may without exaggerat ion be said to have revolut ionised 
the teaching of chemistry in America. 

Smith at the outset of his career was an organic chemist, and the 
ten papers which he published between 1SS9 and 1902 are exclu- 
sively concerned with organic topics, chiefly the chemistry of 
dike tones, the benzoin synthesis, and, generally, the action of 
potassium cyanide as a condensing agent. As a result of his teaching 
work in Chicago, and his critical review of the matter and mode of 
presentation of elementary inorganic chemistry, lie gradually 
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became engrossed in this fresh field, and his research after 1902 is 
exclusively inorganic and physico-chemical. A series of papers 
on amorphous sulphur is of outstanding merit. At the time his 
investigations were begun, the published observations on the 
behaviour of melted sulphur were full of apparent inconsistencies 
and could not be formulated in harmony with physico-chemical 
theory. He investigated the relationship between the freezing 
point of the melt and the proportion of amorphous sulphur con- 
tained in it, and showed that Raoult’s law was rigorously obeyed, 
thus establishing the existence of liquid amorphous sulphur dis- 
solved in but distinct from the liquid ‘‘soluble” sulphur. He 
investigated the problem why melted sulphur kept at a constant 
temperature should give on chilling varying proportions of 
amorphous sulphur. The variation he proved to be due to cata- 
lysts which accelerated or retarded the change from amorphous 
to soluble sulphur. As one of these catalysts was sulphur dioxide, 
always present in varying proportions in ordinary experiments, 
the inconsistencies in previous observations received a simple 
explanation. The true equilibrium proportions of amorphous 
sulphur at various temperatures were determined, and the con- 
clusion established that the two forms of sulphur in the liquid 
state behaved with respect to each other as dynamic isomerides. 
He then directed his attention to precipitated sulphur and showed 
that, when first set free, precipitated sulphur consists of minute 
drops of liquid amorphous sulphur. In alkaline, neutral or feebly 
acid solutions these change wholly to crystalline sulphur. In 
presence of strong acids the amount of amorphous sulphur in the 
final product is proportional to the concentration of the arid. 
Finally, he subjected the molting- and freezing-points of the various 
forms of sulphur to revision and determined the correct values, in 
harmony with the theory. 

In conjunction chieHv with A. \Y. (’. Meuzies, now Professor of 
Chemistry at Princeton, Smith published a long series of papers nn 
vapour pressures, the experimental work being of a very high order 
of accuracy. A simple method — that of the “ submerged buiblot 
— was devised by means of which l he va|Kiur pressures of liquids 
and solids and the boiling joints of liquids could he determined 
with the use of minute amounts of material. Then forms of 
apparatus were described for the exact measurements of vapour 
pressures, which were named the static and dynamic isoteni- 
scoi>es " respectively, and tested by determination of the vapour 
pressures of water and benzene, the results agreeing with the best 
previous determinations. Since for the purpose of a research on 
calomel vapour an exact knowledge of the vapour pressures of 
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mercury up to high temperatures was required, a series of accurate 
determinations for the metal between ‘ 250 ° and 435’ were made 
and values obtained which entirely supersede the inconsistent 
observations of previous investigators. The vapour pressures of 
mercurous chloride, mercury, and mixtures of the two were 
measured and by the application to the data of the ordinary law 
of chemical equilibrium there was deduced the result that the 
vapour consists wholly of mercury and mercuric chloride. Pro- 
ceeding from this deduction it was found that mercurous chloride 
when rigorously dried, so as to prevent dissociation, has no 
measurable vapour pressure even at high temperatures. 

The problem next considered was the dissociation of the ammon- 
ium halides. V apour density determine! ions for ammonium chloride 
had shown that whilst the rigorously dried salt had in the vaporous 
state a density corresponding with the formula XH,CI, it was com- 
pletely dissociated into ammonia and hydrochloric acid at 350 ' if 
a trace of moisture were present. It was pointed out that this 
dissociation value had been obtained in an unsaturated vapour, 
ior the saturated vapour at the same temperature the degree of 
dissociation did not exceed two-thinls. The other ammonium 
halides were found to be considerably less dissociated. An inves- 
tigation was undertaken to explain the paradoxical fact that the 
vapour pressure of ammonium chloride is at a given temperature 
the same whether dried or undried, although in one ease the vapour 
is highly dissociated and in the other not at all. Although the 
problem was not solved, the untenabilitv of hvpotheses which had 
been put forward by other investigators for its explanation was 
clearly do i ti oust rat od . 


Smith s research work is characterised by the same qualities of 
clear insight, logical development, and scrupulous accuracy as we 
hud m his work as a teacher. The merit of both was recognised 
o hcmUy by his appointment to the Presidency of the American 
.unuca society in Mill, by his election to membership of the 
hationa Academy of Sciences, by the award of the Keith Prize 
anil .Medal by the Royal Society of Kdinburgli in I'll:’. and bv the 

(fgice of LL.l). which was conferred on him bv the I’liivcrdtv of 
-Edinburgh. * " * 

bmith's personality was most attractive. His interesting and 
amusing conversation, and his hearty, infectious laugh will long 
remain m the memory of his friends. Always of boundless energy 
e memtramed himself during the war period, and insisted in spile 
t leal warnings on continuing his writing and on carrying on 

linlf ; i ?r" M ' nt " i,h * A complete breakdown, 

ompheated by a .serious operation, followed, and as his health did 
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not improve after a year’s leave of absence he was obliged to 
relinquish his Chair. Becoming gradually weaker, he died in his 
native town on September 8, 1922. 

Smith married in 1905 Mrs. Sara Bowles of Memphis, Tennessee, 
and is survived by her and by two children, a son and a daughter. 

J. W. 


JOKICHI TAKAMINE. 

Born September 23rd, 1855; Died July 22xd, 1922. 

Jokichi Takamixe was born in Takaoka, Japan, on September 23rd, 
1855, and was the eldest son of a physician, Soiichi Takamine. At 
an early age he received a Government scholarship, and was edu- 
cated at the Imperial College of Engineering, now the Imperial 
University of Tokio. After graduation in 1878, he was sent by 
the Government to Great Britain, and studied applied chemistry 
for three years in Glasgow at the University and Anderson ian College. 
During this period lie collaborated with Prof. E. J. Mills in a 
research on the absorption of weak reagents by cotton, silk, and 
wool, which was published in this Journal in 1883. He returned 
to Japan by way of America, and was at once employed by his 
Government in many important capacities, among these being 
those of Commissioner to t ho International Industrial Exposition 
at New Orleans, the first of a long list of similar offices, chief chemist 
to the Department of Agriculture and Commerce, director of the 
Government Chemical Laboratory and Commissioner for Trade 
Marks and Patents for the Empire of Japan. He also revisited 
Europe and America for the purpose of making industrial observa- 
tions. On his return, lie resigned his Government appointment 
and established the Tokio Artificial Fertiliser Co., the first to 
manufacture superphosphate in Japan. 

About 1891, Takamine settled in America, at Clifton, New Jersey, 
and set up a private Laboratory, where most of his subsequent work 
was carried out. Takamine was held in high honour both in 
official and learned circles ill Japan. He received the degree of 
Doctor of Engineering in 1899 and of Doctor of Pharmacology in 
1904. He was made a member of the Orders of the Sacred Treasure 
and of the Double Kays of the Rising Sun, and subsequently rose 
several steps in rank. Perhaps his greatest distinction was his 
appointment by Imperial Decree as one of the sixty member? 
the Imperial Academy of Science in Japan. 

Throughout his career in America Takamine was intensely 
interested in fostering good relations between the countries of hi» 
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birth and of his adoption. To the accomplishment of this object 
he contributed by way of the formation of an American -Japanese 
society and . by his constant participation as commissioner or 
delegate in exhibitions and congresses. He kept open house for 
Japanese visitors to America, and was regarded by his countrymen 
as an unofficial Japanese Ambassador. He died on July 22nd in 
Xew York, aged sixty-seven years. 

Takamine was active in many branches of applied chemistry 
but his name is chiefly associated with the commercial preparation 
of taka-diastase and of adrenaline. 

The saccharification of starch in the Japanese process of brewing 
Saki from rice is brought about by the diastase of a mould, usually 
Aspergillus oryziz , The properties of this diastase were examined 
in 1881 by Atkinson (Proc. Hoy. Hoc., 1881. 32, 299), who found 
*hat bv its action on starch glucose was produced. For use in 
he brewing process steamed rice is inoculated with material bearing 
he matured spores of the mould (moyashi) and incubated at 30° 
or about seventy-six hours. It is then known as koji and has 
.bout one-half to one-fourth of the diastatic power of malt. Taka- 
tiines process (•/, Hoc. Chan. I ml., 1898, 17, US) consisted in 
, reducing a more concentrated or taka-koji (la ha in Japanese 
ne a ns high) by growing the mould on wheat bran, a product being 
obtained of about four to eight times the diastatic power of the 
ordinary koji. Extraction with water removes the whole of the 
liastase, which can be precipitated from an extract containing 
>0 per cent, of solids by the addition of 4 — 5 volumes of alcohol. 
I'he dried precipitate forms the taka -diastase of commerce. It was 
pointed out by Takamine that this product has a much greater 
liquefying power for starch paste than malt diastase of equal 
saccharifying power, it has found extended application in 
medicine, baking, the preparation of cereal foods, and in the textile 
industries. 

Adrenaline was obtained in crystalline form in ltMHi from the 
aqueous extract of suprarenal glands by evaporation with pre- 
cautions to avoid oxidation, followed by precipitation by making 
alkaline and adding an Ammonium salt or passing a current of 
carbon dioxide (Awtcr. J. Pharm ., 1991, 73. 323). 

Takamine was also the inventor of a process for extracting cobalt 
oxide from Japanese manganese ores for use in the pottery industry 
and of a method for the recovery of glycerol from printer s rollers. 

T’*e writer is indebted for the main facts of Takumine's career 
to obituary notices in the Journal of flu Soridy of Chemical 1 aJudry 
(1922, 41, 4G4k), and in the Japanese medical journal Ihiijiho , 
published in Tokio. A. Harden. 
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having the energy and ability which Tsehugaev displayed arc 
sufficiently rare in any country ; and Russia least of all could 
afford to lose him. 

T. M. Lowry. 


FRANK EDWIN WESTON. 

Born 1867; Died January 4th, 1023. 

The death of Frank Edwin Weston removes an indefatigable 
worker from the tick! of pure and applied chemistry, and deprives 
our country, and especially London, of one of the finest teaclu-rs 
of chemical science of our day. Born in 1867, he received his 
scientific training at St. John's College, Battersea, and at Birkbeek 
College, taking supplementary courses at King's College and Uni- 
versity College, London, and graduating with first class honours 
in chemistry (B.Sc.) in 1990. He joined the staff of the Begcnt. 
Street Polytechnic in 1893, and in 1911 was made head of the 
chemical department, which position he retained until his death. 
At the Polytechnic lu* will long be remembered for his ceaseless 
activities, his organising ability, and his clear-sighted judgment. 
Many generations of students will remember with gratitude the 
lucidity of his teaching, the simplicity of his methods, and the 
intense personal interest which he took in each member of his 
classes. 

Previous to the war Weston published original researches, 
amongst which may be mentioned the detection of sodium sulphite 
in the presence of sulphate and thiosulphate (1908); the crystal- 
lisation of explosives (1908) ; the action of aluminium powder nn 
silica, boric anhydride, and on carbon (1908); the heats of com- 
bustion of aluminium, calcium, and magnesia (1909); a modified 
apparatus for the estimation of nitrogen (1909); and thermic 
reactions in a vacuum (1911). Most of these were in eollahmatMi 
with 11. Russel Ellis. 

During the war Weston carried out an importing investigation 
on alloys for aeroplane construction, for the Air Ministry, and with 
others, prepared considerable quantities of the drugs novoi-aine 
and Jkeucaine, which were in great demand by the military medical 
authorities. In connexion with this lie found that the ordinary 
method for the preparation of ethyl bromide was very inefficient, 
and worked out an alternative procedure, which gave a high 
percentage yield (published in the Tranitaclion^ 1915, 107, 14 S 9 ). 

He was the author cf several publications on chemical subject;, 
including a small book of great value to students of chemistry 
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entitled “ The Detection of Carbon Compounds,” which had a 
great vogue and has been translated into French, Spanish, and 
Italian. At a later date he collaborated with the presen. writer 
in producing a two-volume work, entitled " Technical Handbook 
of Oils, Fats and Waxes.” 

Although in recent years hampered by ill health, his activities 
sontinued to the last, and many of the general public, outside 
scientific circles, will remember him in connexion with his work 
on the detergent value of colloidal clays, of which notices appeared 
in the daily Press. He was elected a Fellow of the Institute of 
Chemistry in 1918. 

Weston was a man of strong personality, who made a deep 
impression on those with whom he came into intimate contact. 
His somewhat loud voice and brusque manner only imperfectly 
concealed his kindly and unselfish disposition. A ruthless opponent 
of all sham and superficiality, he was himself a consistently zealous 
and conscientious worker and a man of stainless honour and 
integrity. 

He leaves a widow and one sou, Kamsay, whom he lived to see 
gain the distinction of a first class honours degree in science as 
late as a few weeks ago. 


Peucival J, Fryer. 
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formed, but there appeared to be little or no tendency to the 
formation of tetra*, hepta-, or octa-atomic ring systems ( J . pr. 
Chem., 1907, [ii], 75, 153). Representatives of the last two types 
have been prepared Ly Tschugaev himself (Z. anorg. Chem., 1905, 
46, 144), by Duff (T., 1921, 119, 385), and by Price and Brazier 
(T., 1915, 107, 1373) ; but the general principle still holds good that 
co-ordination is favoured in a very remarkable way when it is 
possible to construct either a saturated ring system containing 
five atoms, or a conjugated ring system containing six atoms, the 
co-ordinated metal being in each case counted as a member of the 
ring. 

The best known of Tschugaev's discoveries in this field 
was that of the nickel derivative, N i ( 0 \N\‘ CMe -CMe IN • 0 H ) 2 , of 
dimethylglyoxime, which has found an important application in 
analytical chemistry, but this compound is itself an example of a 
complex containing a seven-membered ring. Tschugaev also 
found that the oximino-ketones behave in general like nitroso*j3- 
naphthol in yielding very stable derivatives with cobalt, and 
prepared a scries of analogous compounds of iron, nickel, and 
palladium, all of which were distinguished by their great stability, 
abnormal colour, and absence of ionic reactions of the metal. 
These compounds are an important illustration of Tschugaev's 
principle, since their formation is associated with the development 
of a conjugated ring-system containing six atoms as shown in the 
formula 

Tschugaev came to London in 1909 as one of the Russian repre- 
sentatives to the International Congress; lie was a member of a 
group which also included Walden, Ipatiev, and Kistiakowski. 
He contributed a paper on anomalous rotatory dispersion to a 
general discussion on optical rotatory power held before the Fara- 
day Society on March 27th, 1914, although on this occasion he was 
not able to attend in person. This paper was distinguished by a 
clear recognition of three distinct causes which might independently 
give rise to anomalous dispersion. 

Tschugaev's death was directly due to the deplorable conditions 
following the revolution in Russia. Life in Pctrograd had become 
so difficult that he had moved his wife and children out to Wologda ; 
and was during one of his visits to Wologda that he acquired the 
disease which brought about his death. His loss was a serious one 
for chemistry in general; to Russian chemistry it was a real 
disaster, since even under favourable conditions research workers 

vol. ex XI II. l L 
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having the energy and ability which Tschugaev displayed are 
sufficiently rare in any country; and Russia least of all could 
afford to lose him. 

T, M. Lowry. 


FRANK EDWIN WESTON. 

Born 1S67 ; Died January 4th, 1923. 

The death of Frank Edwin Weston removes an indefatigable 
worker from the field of pure and applied chemistry, and deprives 
our country, and especially London, of one of the finest teachers 
of chemical science of our day. Bom in 1807, he received his 
scientific training at JSt. John's College, Battersea, and at Birkbeck 
College, taking supplementary courses at King’s College and Uni- 
versitv College, London, and graduating with first class honours 
in chemistry (B.Se.) in 1900. lie joined the staff of the Regent 
Street Polytechnic in 1893, and in 1911 was made head of the 
chemical department, which position he retained until his death. 
At the Polytechnic he will long be remembered for his ceaseless 
activities, his organising ability, and bis clear-sighted judgment. 
Many generations of students will remember with gratitude the 
lucidity of his teaching, the simplicity of his methods, and the 
intense personal interest which he took in each member oi his 
classes. 

Previous to the war Weston publi lied original researches, 
amongst which may be mentioned the defection of sodium sulphite 
in the presence of sulphate and thioMilphatc (IMS); the crystal- 
lisation of explosives (1908); the action of aluminium powder on 
silica, boric anhydride, and on carbon (1908); the heats of com- 
bustion of aluminium, calcium, and magnesia (1909) ; a modified 
apparatus for the estimation of nitrogen (1909); and thermic 
reactions in a vacuum (1911). Most of these were in coUabemlkai 
with H. Russel Ellis. 

During the war Weston carried out an important investigation 
on alloys for aeroplane construction, for the Air Ministry, and with 
others, prepared considerable quantities of the drugs nuvocainf 
and [i-eucaine, which wore in great demand by the military medical 
authorities. In connexion with this he found that the ordinary 
method for the preparation of ethyl bromide was very inefticieiit, 
and worked out an alternative procedure, which gave a high 
percentage yield (published in the TrntiMidion.s, 1915, 107, 1489). 

He was the author of several publications on chemical subjects, 
including a small book of great value to students of chemistry, 
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entitled “ The Detection of Carbon Compounds/’ which had a 
great vogue and has been translated into French, Spanish, and 
Italian- At a later date he collaborated with the present writer 
in producing a two-volurae work, entitled “ Technical Handbook 
of Oils, Fats and Waxes.” 

Although in recent years hampered by ill health, his activities 
continued to the last, and many of the general public, outside 
scientific circles, will remember him in connexion with his work 
on the detergent value of colloidal clays, of which notices appeared 
in the daily Press. He was elected a Fellow of the Institute of 
Chemistry in 1918. 

Weston was a man of strong personality, who made a deep 
impression on those with whom he came into intimate contact. 
His somewhat loud voice and brusque manner only imperfectly 
concealed his kindly and unselfish disposition. A ruthless opponent 
of all sham and superficiality, he was himself a consistently zealous 
and conscientious worker and a man of stainless honour and 
integrity. 

lie leaves a widow and one son, Kamsay, whom he lived to see 
gain the distinction of a first class honours degree in science as 
jate as a few weeks ago. 

Percival J. Fryer. 


LL 



060 MAYNARD AND HOWARD : AN ELECTROLYTIC METHOD 


CIX . — An Electrolytic Method for the Preparation of 
Mercury Dimethyl * 

By Julian Lewis Maynard and Henry C. Howard, jun. 


During the past year, one of us has frequently had occasion to 
prepare considerable quantities of mercury dimethyl. The five 
methods then available for its preparation (see F. C. Whitmore, 
“ Organic Compounds of Mercury/’ American Chemical Society 
Monograph Series, pp. So — 86) were known to give poor yields, 
and therefore, since the excellent process employing the Grignard 
reaction (Marvel and Gould, J. Atner. Ckem. Soc 1922, 44, 153) had 
not yet appeared, it was decided to attempt to develop a more 
satisfactory means of synthesis. 

When solutions of the methvlmercuric halides in liquid ammonia, 
in water, and in alcohol are electrolysed, the complex MeHg- L 
deposited on the cathode in fine black flakes, which decompose 
completely at the ordinary temperature into mercury and mercury 
dimethyl (Kraus, ibid., 1913 , 35, 1740) : 

2MeHg — * Hg ■ HgMe 2 . 

Thus, in view of the ease with which this reaction proceeded at 
the ordinary temperature, the electrolysis of a concentrated aqueous, 
solution of a methylmereuric salt appeared to afford a simple mear 
for the preparation of the mercury dialky]. Electrolysis of 
liquid ammonia solution was avoided because of various mechanica 
difficulties, whilst an alcoholic solution was not considered hecaus 
of the very low order of its conductivity. 

In order to determine the most suitable salt for use us the ok 
trolvte in this preparation, conductivity measurements were niadi 
on aqueous solutions of various methylmereuric salts, and on the fro. 
base, MeHg'OH, recently isolated by one of us (Sneed and Maynard, 
J. Amcr. Chan. Soc., 1922, 44, 2942). A few of the results are giver 
in the following table; temperature 25', concentration OTA : 


Compound MeHg OH Mcilg-OA. (McHg).S0 4 MeHgN0 : 

Kquiv. cond 0-71 4 02 '>7-40 101-00 


The low conductivity exhibited by the base was surprisifl. 
inasmuch as compounds of the type RHg'OH have been vei 
generally described in the literature as strong bases. Howeve 
the weakness of the base as indicated by our conductivity measi® 
ments was substantially borne out by the fact that large increase 
in the equivalent conductivity of methylmereuric salts at dilution 
L ven greater than 1000 litres indicated a considerable degree a 
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hydrolysis. Thus, for example, the equivalent conductivity of 
the nitrate at various dilutions at 2.T> was found to he as follows : 

Dilution in litres In 

Kqiiiv. cond mi j 

Again, the weakness of methylmcrcurie hydroxide as a base was 
dearly shown by the ionisation constant calculated from the degree 
,f hydrolysis of the nitrate. The constant was found to he 
1-9 X 10' 11 at 25°. The commonly accepted value for aniline at 
he same temperature is 5 x W”. As was to be expected, methyl- 
nercuric hydroxide reacted acid towards phenolphthalcin. 

Work done by one of us * has indicated that ethyhnercurie 
lydroxide is likewise very slightly ionised, and a preliminary report 
,n M-butylmereurie hydroxide has shown that compound to be 
, correspondingly weak base.t Therefore, despite statements to 
he contrary found in text-books of organic chemistry and in the 
iterature generally, it was concluded that alkvl mercury bases of 
he type RHg-OH are indeed very weak. That the" basis for 
revious statements to the contrary is unfounded is shown by the 
ict that the recent preparation of methvlmercurie hydroxide 
Sneed and Maynard, he, til.), cthvlmercuric hydroxide * and the 
orresponding n-butylmereuric derivative marks the first instances 
f the isolation in (he pure stale of aliphatic mercury bases of the 
n? e R %OH. The reputed strength of these bases has evidently 
een inferred from a single instance in which a solution containing 
thylmercunc hydroxide displaced ammonia from its salts and 

recipitated the hydroxides of the heavy metals (Ilunhaupt 
makn, 1854, 92, 381). t^uimaupt, 

It was recognised very early in the course of this study that the 
conductivity of aqueous solutions „f methvlmercurie salts 
resented a decided difficulty in the development of an electrolytic 
ethod for the preparation of mercury dimethyl. Methvlmercurie 
donde, bromide, and iodide were unsuitable for use as electrolytes 

hdT ° t T , 8 ‘ SOlubiHtV iu *»*«; the use of the more 
uble salts of the active acids, for example, the nitrate and 

a! an/"* r d bCCaUSl ' ° f the l ,r “ ”> ‘heir solutions 
an undesirable quantity of hydrogen-ion due to hydrolysis 

Attention was then directed to the methylmercuric salts" of weak 

IS ; *» i* w» i™» >1, s 

y the latter, preliminary electrolytic experiments 

* Unpublished results (J. L. M.). 

irfc!'' Ap^Zn Ud L ° UiS(> ° tiS ’ ThC l0nisutim H,ar - 

•ho -^ir r ““ b ' fHr " *■■»—, sc,.t ,v 

, i 1 l "S nai *n Alabama, meet ms;. April, 
f 80 atp d by Maj-narcL Results unpublished. 
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showed the impossibility of obtaining any considerable quantity 
of mercury dimethyl within a reasonable time. It was found 
impossible to isolate the carbonate because of its instability, for 
after an excess of carbon dioxide had been passed into a solution 
of mcthylmercuric hydroxide, all attempts to concentrate the 
solution resulted in the complete removal of this gas, so that only 
the base remained. This behaviour was to be expected, and it 
further confirmed the conclusion that mcthylmercuric hydroxide 
is a weak base. 

Experiments were next carried out on methyl mercuric acetate, 
a salt which is very soluble in water, and easily prepared from 
methylmereuric iodide {Sneed and Maynard, loc. cit .). When 
aqueous solutions of the acetate were electrolysed, mercury di- 
methyl was formed at the cathode, but owing to the low conductivity 
of the solutions the process was very slow. Since it was known 
that pyridine increases the conductivity of certain slightly ionised 
salts such as mercuric chloride (Gmelin- Kraut’s ts Hand hue h dor 
anorganischen Chcmie ’’ (1914), Band V, Abt. 2, pp. 920 - -921), we 
tried its effect on solutions of mcthylmercuric acetate. The desired 
increase in conductivity was so considerable as to make rapid 
electrolysis possible. The influence of varying amounts of pyridine 
on the conductivity of solutions of methylmereuric acetate is shown 
in the following table : 

Specific conductivity of 005.Y-MeHg*OAe at 25 - 33*7 10 r> . 

Mols. of pyridine added 

p,*rmoLoTMeH-OAc‘... 01 1 2 4 

Sp. ecu id. of solutions 147 x It)" 5 232 :: 10" 5 271 : . U)“ 5 277 10 * 

A maximum specific conductivity of less than 2 X 10~ 5 was 
exhibited by aqueous solutions containing pyridine in concentra- 
tions equivalent to the quantities present in the above-mentioned 
solutions of methylmercurie acetate. The very marked increase 
in the conductivity of the electrolyte in the mixed solvent seemed 
to indicate that an interaction had taken place, and that highly 
conducting complexes had been formed. In partial support of 
this conjecture it will be noted that a conductivity curve plotted 
from the values given would show a very sudden flattening after 
the addition of two mols. of pyridine. 

Thus, wbh the desired increase in conductivity of methylmereuric 
acetate in the mixed solvent, it became possible to prepare quan- 
tities of mercury dimethyl without difficulty. The mixed solvent 
did not dissolve the dialkyl, so that as it dropped from the cathode 
it formed a layer at the bottom nf the cell, and could be drawn off 
readily without disturbing the progress of the electrolysis. A 
material yield exceeding 90 per rent, and a current efficiency of 
90 per cent, combine to make the process satisfactory from the 
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point of view of the organic chemist. After the simple electrolytic 
cell has been constructed, the method compares favourably in point 
of time with the synthesis effected by means of the Grignard 
reaction (Marvel and Gould, he. cii.). Inasmuch as test runs have 
shown that mercury diethyl and mercury dipropyl can be prepared 
by the electrolysis of the corresponding ethyl- and propyl-mercuric 
acetates, it is suggested that this method might be extended to 
include the preparation of the other liquid mercury dialkyls. 

Methylmercuric iodide necessary for the preparation of methyl- 
mercuric acetate lias recently been made more available by a rapid 
method of preparation. It has been found that methyl iodide 
reacts readily with mercurous iodide at 75° when exposed to the 
light of the electric arc : * 

Mel HgJo -> McTlgl -f TTgT 2 . 

Methylmercuric iodide has heretofore been prepared by allowing 
mercury to stand in the sunlight with methyl iodide fFrankland, 
Quart. J. Chun. Sac., 1850, 3, 322 ; Anna ten, 1851, 77, 225; 1853, 85, 
Ml). The acetate may in turn be obtained from the iodide in 
excellent yield by the use of several methods lately worked out 
(Sneed and Maynard, loc. cit.), and also by the addition of mercuric 
acetate to a well-stirred, hot, aqueous suspension of methylmercuric 
iodide. The latter method is preferable when it is not desired to 
isolate the methylmercuric acetate. 

K X P E R I M E X T A L. 

The electrolyte employed in this preparation consisted of an 
aqueous 25 per cent, solution of methylmercuric acetate to which 
pyridine was added in the ratio of two mob. of the latter to one 
mol. of the organomercuric salt. 

The cell was constructed of a cylindrical glass vessel tapering 
at the lower end, and fitted there with a stop-cock through which 
the mercury dimethyl was drawn off as desired. A porous cup 
suspended in the centre of the glass vessel served as the anode 
compartment. The cathode consisted of a sheet of smooth 
platinum foil, supported concentrically about the porous cup at 
a distance of a few mm. therefrom. The anode was made up of 
two graphite rods. The entire cell was water-jacketed so that 
during electrolysis the temperature could be maintained between 
30° and W. 

At tlic beginning of the electrolysis a potential of 30 — 35 volts 
produced a current of 2 5 amps. This of course fell off as the 
concentration of the methylmercurie salt in the solution decreased. 
The area of the cathode, considering only the side nearest the 
* Unpublished results obtained by Maynard. 



chakravartt : 


964 

anode to be active, was 138 sq. cm. The cathodic current density 
at the beginning of the electrolysis was therefore 18 amps./sq. dcm. 
The total area of the anodes was 62 ’8 sq. cm., and hence the anodic 
current density was 4 amps./sq. dcm. 

The details of a typical run are as follows : The electrolyte 
consisted of 106‘5 grams of methylmercuric acetate in the form 
of a 25 per cent, aqueous solution with tw r o mols. of pyridine added 
per mol. of acetate. An average current of TG7 amps, flowed over 
a time of 2 hours 10 mins. ; the total number of ampere-hours 
was 10‘64. Thus, the current yield demanded by theory was 4Gi 
grains of HgMe 2 ; an actual yield of 41*4 grams set the current 
efficiency at 90 per cent. The actual yield amounted to 92 per 
cent, of the theoretical material yield of 45’1 grams. 

Summary. 

1. Alkyl mercury bases of the type RHg’OH have been shown 
to be very weak bases. 

2. An electrolytic method for the preparation of mercury 
dimethyl has been described. 

Princeton, New Jersey. [Ilcceivcd, January S th, 1923, 


CX . — Action nf Sulphur Monochloride on Mercaptan*. 

By Gor.iL Chandra Chakravartt. 

The present investigation was undertaken with a view’ to study 
systematically the nature of the products obtained by the inter- 
action of real and potential mcreaptans with sulphur monochloiidc. 
A good deal of work has boon done to elucidate the reaction betwtr 
sulphur monocliloride and the unsaturated hydrocarbons; Guthri 
{Quart. Journ. Chnu. Soc ,, I860, 12, 110; 1861, 13, 134; Aonahn 
1861, 119. 91; 1862, 121, 110); Pope (•/. Soc . Cbm. Ind., l!Ui* 
38, 469k); A. G. Green {ibid., 4(>9u); Conant, Hartshorn, air; 
Richardson (J. Amr-r. Chrm. Soc... 1920, 42, 585); Gibson anc 
Pope (T., 1920, 117, 271) ; Mann, Pope, and Vernon (T., 1921, 11S 
634). The chief and interesting point of research in most of thou 
has been the stability of the bivalent sulphur atom of sul]>!n.r 
monoehloride when it reacts with other compounds. Bv the active 
of sulphur monochloride on ethylene. Green {lor. cif.) seem* t' 
have obtained tin* disulphide (i), 

2CH,:CH 2 •; S.,ri 2 . • (CH.OHTUysiS .... ii ; 
2CH 2 :CH 2 : S/ L • (CHXK’Hj^ S . . . (ii: 

Pope (tor. cit.), however. suggested that the second sulphur atom 
remained in “some sort of pseudo-solution”; and Gibson awi 
Pope (br. cit.) represented the reaction as taking course (iij. 
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The last view was placed on a firm experimental basis by Harrison 
(T„ 1921, 119, 329). But recently XWk (ibid., p. 329) has shown that 
m the synthesis of the dithio-ketones and dithio-ethcrs the sulphur 
atom in question is not eliminated and the products obtained 
which are formulated as RjCiSiS and iySiS, are exceedingly stable’ 
Smythe and Forster (T., 1910, 97, 1195) obtained benzyl tetra- 
sulphidc from benzyl mercaptan and sulphur monochloride the 
sulphur atom remaining intact. In the present investigation the 
products obtained, although they have such complex structures 
as S:S(SR) 2 , arc also remarkably stable, and the sulphur atom 
retains its position firmly in the molecule. It would thus seem that 
the stability of the bivalent sulphur atom depends entirely on the 
nature of the compounds with which it enters into combination 
Ray and Das (T., 1922, 121 , 323) have found in chloropicrin a 
reagent capable of distinguishing a real from a potential mercaptan. 
They find that when chloropicrin reacts with a real mercaptan no 
sulphur is eliminated, but when it acts on a potential mercaptan 
sulphur is invariably separated either partly or completely. In the 
case of sulphur monochloride the same behaviour has been observed : 

2CH 3 -CH 2 -SK -f S/,'1, - (CHj-C'Hj-SJjSiS - 2KC1. 

Ethyl mercaptan being a real one, there is no separation of sulphur. 
But with thiobenzamide sulphur is partly eliminated : 

2CPh(.'XH)\SK 4 .S 2 CX =- S(CPh:XH), - 2KC1 • 3 S. 

Sometimes, when the strain is very great in the process of tautomeris- 
ation to the " thiol ” form, the molecule is completely ruptured. 
In such cases, products arc obtained which are totally deprived of 
their sulphur, for example, thioaectanilide is completely decomposed 
and the main product which is isolated is aniline hydrochloride. 
Ilio reaction possibly takes the following course : 

KPhiC-Me'SK 4 SX'l, -> [XPh:C.Me-b-bCi:.Sj - s- 

NHoPh -f [CH 3 -C0-S-SCi:S] — ► XHjPh.HCl CH s -CO,H - 3$. 

Thus sulphur monoehloride, like chloropicrin, can be utilised in 
ntterentiating real and potential mereaptans. 

ihc compounds described in this paper are prepared bv the 
intcraetton of the alkali salts of mereaptans, dissolved or suspended 
a co o , and sulphur monoehloride, dissolved in light petroleum. 
*luatiOT tWn " ltl ' a IVSl ,n|,n ' a P ti " 1 Proceeds according to the* 

2R-8K. + 8,0* - 2 Is. Cl (RSJjJfiS. 

i’Sfl 0 T" ® tnera ^J accepted formula of sulphur monoehloride, 
haa bocn “‘‘opted throughout this investigation. 
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Experimental. 

Beal Mercaptans* 

Product from Ethyl Mercaptan, S*S(SEt) 2 . — Sodium mcrcaptido 
(prepared by the action of finely divided sodium on ethyl mer- 
captan, dissolved in anhydrous ether) was dissolved in an excess 
of absolute alcohol at about 60° and gradually treated with a dilute 
solution of sulphur monochloride in light petroleum (b. p. 80 — 100') 
with constant shaking until sodium chloride was no longer precipi- 
tated. The yellow oil that separated was repeatedly washed with 
water and its ethereal solution heated on the water-bath to remove 
ether. The oil was next distilled with steam, the distillate extracted 
with ether, and the golden yellow, mobile oil remaining after removal 
of the solvent finally dried in a vacuum over sulphuric acid. It 
boiLs at 210— 212° (Found : C-= 20*09; H — 5*41 ; S = 88*43. 
C 4 H 10 S 4 requires C = 25*80; H — 5*37 ; S — 68*81 per cent.). 

Product from Phenyl Mercaptan, SIS(SPh) 2 . — To an alcoholic 
solution of the mercaptan (1 mol.) alcoholic caustic potash was 
added (1 mol.), followed by sulphur chloride in light petroleum. 
An oil together with potassium chloride separated out. The oil 
was washed thoroughly with water, extracted with ether, the 
ether removed on the water-bath, and the residue repeatedly dis- 
solved in a large excess of ether, filtered, and precipitated by alcohol. 
The oil thus obtained was heated in the steam-bath for about three 
hours and finally kept in a vacuum desiccator over-night. It is 
a yellow oil with offensive odour and is soluble in ether, chloroform, 
acetone, or benzene, but insoluble in alcohol (bound : C -- 50 * ( 2 ; 
H — 3*80 ; S = 46*21. f C 12 H 1() S 4 requires 0 ~~ 51*06; 11 3*54 ; 

S = 45*39 per cent.). 

Product from Dithioethybrne Glycol . SIS(S*CH./CH 2 'SH) 2 . — When 
alcoholic caustic potash was added to an alcoholic solution of 
dithioethylone glycol, colourless needles of the mo nopotassium salt, 
SH*CHvCH.,*SK, separated (Found : K - 29*85 per cent.). This 
salt was dissolved in alcohol and treated as before with sulphur 
chloride. A solid product was obtained which was washed with 
water arid heated under reflux first with absolute alcohol and then 

* A few organic tetrasulphidcs have ulr- ndy been d< serif'- d (Otto, ./. pr. 
Chem., 1888, fii], 37, 211; Trooper and Hnnimig, Hid., ISO;), iij. 60, llfy; 
the method of preparation adopted in this ptijwr is entirely diff-nut. 

| It may he necessary to point out that in tli.-.-e ci-mpounds the sulphur 
atoms are linked both to a fatty and tn an aromatic and cyclic resin itc. 
Carius’s method usually gave low n •suits owing to the formation of sulphcnic 
acid. Tlio excess of nitric acid whs therefore neutralised with sodium carbomHt' 
and the solution evaporated to dryness and fused in a platinum crucible 1^ 
melt was evaporated several times with hydro* lib. i c a- id b. tore piveipiiating 
with barium chloride. Owing to the pr* s< iu <- of u huge amount of sodium 
chloride and undeeotnposcd sodium nitrate the result is generally ft httlo b*gh. 
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with carbon disulphide. It was finally crystallised from hot nitro- 
benzene and then melted at 126—128° (Found: C ^ 19*05; 
H = 3-88; S = 77*48. C 4 H 10 S fi requires 0 — 19*20; H = 4*00; 
S = 76*80 per cent.). 

Product from Benzyl Mercaptan , S:S(S*CH 2 Ph) 2 .— On being 
treated as in the case of phenyl mercaptan, benzyl mercaptan 
gave an oil which is not volatile with steam. The crude oil was 
dissolved in acetone and fractionally precipitated by water from 
any solid impurity. It was then kept in a vacuum desiccator for 
several days. The product, which slowly crystallised, was well 
pressed on a porous plate and recrystallised from alcohol; m. p. 
48—50° (compare T., 1910, 97, 1195) (Found : C = 54*14 ; H — 4*81 ; 
S = 41*97. C 14 H 14 S 4 requires C — 54*20; H = 4*51 ; S = 41*29 
per cent.). 

Product from o-Thiol-24ho-%-phmyl2 : 3-dihydro-l : 3 : UHo- 
CJL-N — N S X — X»C fl H. 

diazole, SX /C-S-S-S-C C!S —On treatment of the 
S S 

potassium salt with sulphur monochloride a pasty mass was obtained 
which solidified on keeping in contact with water for a few days. 
This was finely powdered, washed with water, and crystallised from 
a mixture of chloroform and benzene. It melts at 131—132° (Found : 
C = 37*45 ; H — 2*45 ; S — 49*57. C 1(1 H 10 X 4 S g requires C = 37*36 ; 
H = 1*95; S — 49*80 per cent.). 

The product obtained by heating the tetrasulphide under reflux 
with excess of methyl iodide and methyl alcohol for nearly three 
hours was dissolved in acetone and precipitated with ether. After 
final ^crystallisation from a mixture of acetone and water, it 
melted at 124° (Found : C - 18*61 ; H = 2*74 ; I ^ 58*91 ; 
S = 16*59. C 16 H 10 S 8 X 4 ,7CH 3 I requires C = 18*61 ; II = 2*05 ; 
I = 58*95; S — 16*97 per cent.). On being similarly treated with 
ethyl iodide, it gave a product which, crystallised from metlivl 
alcohol, melted at 114—116° (Found; C = 22*01; 

I = 56*95; S = 15*44. C*i 6 Hi 0 X 4 S St 7C 2 lf 5 I requires C = 22*42; 

II = 2*80; I — 55*35; S = 15*94 per cent.). 

N — X 

s .[l Jj.g 

Product from 2 : o-Dithioll : 3 : UIMazole, \ y / .—The 

dipotassium salt reacted with sulphur chloride to give a yellow 
product, insoluble in all the ordinary organic solvents, it was 
thoroughly washed with water, heated under reflux with absolute 
an< * ^ tn carbon disulphide. Tt froths at about 

p ' ^ ircc different preparations gave eoneordant results (Found : 
t - 11*11 ; S = 75*74; X = 12*15. C,X 2 S 5 requires C = 11*14; 

LL* 2 
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S = 75*47 ; N — 13*21 per cent.). The above compound was heated 
under reflux with excess of ethyl iodide for about five hours. The 
product was extracted with acetone, when a quantity of sulphur 
remained. After removal of the acetone and crystallisation from 
alcohol, it melted at 114° (Found : C — 15*42; H = 2*75; N=4*83; 
1 — 61*43; S = 15*41. C 2 N 2 S3,3C 2 H 5 I requires C — 1584; 

K = 2-47 ; N = 4*63 ; I = 61*22 ; S = 15 84 per cent.). 

Product from. fi-XaphtJnjl Mercaptan, S!S(S*C 10 H 7 ) 2 . — The yellow 
precipitate obtained by the interaction of sulphur monochloridc 
and p-naphthyl mercaptan was thoroughly washed with water, 
dissolved in benzene, heated under reflux with copper powder, and 
finally precipitated with hot alcohol. It melts between 82— 85 s 
(Found : 8 — 33*02. C 2t ,H 14 S 4 requires S = 33*51 per cent.). 

Pot c n tial M 'ercapta ns . 

Thiobenzoic acid gave with sulphur monochloridc a crystalline 
precipitate which was identified as dibenzoyl disulphide. Thio* 
carbanilide, dissolved in alcohol, and an cquimolccular quantity 
of alcoholic potash were shaken with a solution of sulphur chloride. 
The brown precipitate obtained, which was found to be very rich 
in sulphur, could not lx* crystallised and its constitution has 
not yet been determined. Tin* filtrate was evaporated to dryness 
and the residue extracted with alcohol. The product after removal 
of alcohol was purified by passing steam and then twice re crystal- 
lised from ether. It melts at 248 3 (Found : C = 70*07 ; H = 5 72; 
X = 12*51 : Cl - 10*35. C J9 lI 1R X a Cl requires C - 70 48 ; H - 5*56: 
X = 12*98; Cl — 10*97 percent.). On similar treatment, thioacei- 
anilidc was completely decomposed and aniline hydrochloride was 
isolated among other products. With sulphur chloride, thiobenz* 
amide gave a precipitate of sulphur. The filtrate was slowly 
evaporated to dryness and the residue extracted with alcohol. 
Colourless crystals, m. p. 92". were obtained (Found : C — 69*40; 
H ~ 5*19 ; X — 11*63; 8 = 13*43. C 14 H 12 X 2 S requires C 70*00: 
H -' 5 00; X - 11*66; S 13*33 ]x*r cent.). Pinacolvlthiocarh 
amide and allylphenylthiocarbamide were decomposed and m 1 
product could be isolated in a pun" condition. From thioacetamidc. 
colourless needles, in. p. 104 . were obtained (Found : X — 2-rOfK 
8 - 29*21. C 7 I1 14 X 4 S 2 requires X ----- 25*69; 8 = 29*36 per cent.). 

In conclusion, the author's lx*st thanks are due to Sir P. C. Ray 
for his valuable help and kind interest during the progress of tin’ 
investigation. 

(’mkmical Lauohatoky, 

University Cou.txf, or Suikxcf, Calcutta. 

[7?ccrimf, January 1 y/, 
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CXI . — The Oxidising Properties of Sulphur Dioxide . 
Pari IV. Molybdenum Sulphates. 

By William Wardlaw and Xojuiax Darby Sylvester. 

Chilesotti, in a paper on the electrolytic reduction of .solutions 
of molybdic anhydride in hydrochloric acid (Z. Elektrochem 1906, 
12, 173), concluded from potential measurements that the molyb- 
denum was first completely reduced to the quinquivalent condition 
and that further reduction produced tervaient molybdenum 
without the intermediate formation of quadrivalent compounds. 
Depending on the concentration of the hydrochloric acid, the 
colour of the solution containing tervaient molybdenum could 
be either orange-red or green. The green colour was only obtained 
when the concentration of acid was less than IX. In acid of 
higher concentration, the green stage was not reached and the 
colour of the tervaient molybdenum solutions was orange-red . 
Moreover, the production of the groin colour was accompanied by 
a considerable fall of potential, although the alteration in per- 
manganate titre was very small. This is in accord with the power- 
ful reducing properties of the green solutions. They are extremely 
sensitive to air oxidation and immediately on exposure to air 
recover the orange-red colour. Chilesotti. with a certain amount 
of reserve, suggested that the appearance of the green colour might 
be due to the formation of small masses of molybdenum dichloride 
which had not been detected chemically, and that in the orange- 
red solutions bivalent molybdenum was not produced. The 
existence of two differently coloured solutions of chromic chloride 
is well known. Peligot {Compt. mid 1841, 19. 783; Ann. ('him. 
Phys., 1844, 12, 537) first succeeded in obtaining green crystals 
of chromium trichloride, [Cr(H 2 0).j(. , l 2 JC , l J 2H 2 0. by treating thr 
insoluble violet anhydrous chloride with water in the presence 
of a small quantity of chromium dichloride. 

“It is therefore possible.” states Chilesotti. “that traces of 
molybdenum dichloride formed at the end of the reduction would 
favour the transformation of the molybdenum trichloride to the 
green form, which, on disappearance of t hr diehlnride, would 
revert to the orange-red isomer.” 

It was thought, therefore, that it might be of interest to inves- 
tigate the reactions of sulphur dioxide with the lower molybdenum 
compounds in view of the possible stages of oxidation and also to 
determine whether there was any distinctive difference in the 
reactivity of the green and orange-red solutions with this gas. 
In connexion with Chilcsutti’s hypothesis, it is worthy of note 
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that whilst cuprous chloride, stannous chloride, or other reducing 
agents (Rohland, Z. anorg. Chem 1899, 21, 37; Drucker, Z . 
physikal. Chem., 1901, 36, 173) have the power of causing solution 
of the insoluble chromium chloride, they are ineffective in the case 
of the anhydrous molybdenum trichloride. 

Reference to the literature showed that the stage to which 
solutions of molybdic anhydride are reduced has been the subject 
of considerable investigation. Wernke {Z. anal . Chem., 1875, 
14, 1) carried the reduction with zinc and sulphuric acid approx- 
imately to the condition Mo 12 0 19 . Dudley (J. Amer. Chem. Soc 
1893, 15, 519), using Jones’s reduetor, obtained slightly different 
results. Doolittle and Eveson (ibid., 1S94, 16, 234), and Jones 
(Am^r. Inst . Min. Eng., 1889, 90, 18, 705) obtained results similar 
to those of Wernke. Blair and Whitfield (J. Amer. Chem. Soc., 
1895, 17, 747) and Millar and Frank (ibid., 1903, 25, 919) reduced 
the anhydride approximately to the stage MogjOg?. Xoyes and 
Frolunan (J. Amer. Chem. Soc., 1894, 16, 553), by replacing air 
with carbon dioxide, effected a reduction corresponding to Mo 2 0 3 . 
Randall (riwer. J. Sci., 1907, [iv], 24, 313), using ferric alum in 
the reducing flask and decolorising with phosphoric acid according 
to Reinhardt (Chem. Ztg., 1889, 13, 323), obtained reduction to 
Mo 2 0 3 . Scott (J. Ind. Eng. Chem., 1920, 12, 575), using a rotating 
zinc reduetor, showed that the reduction reached the Mo 2 0 3 stage. 
There seems little doubt, therefore, that under favourable con- 
ditions molybdic anhydride is reduced by zinc and sulphuric acid 
to the tervalent condition. The only reference to any lower stage 
being reached is an early investigation by von der Pfordten 
(Annalen, 1881, 222, 155) in which possible reduction to Mu 3 U- 
is mentioned. 

Although Chilesotti carried out his detailed potential measure- 
ments in the presence of hydrochloric acid in the case of the green 
and orange-red solutions, he mentions that sulphuric acid solutions 
give analogous results. We have therefore carried out our experi- 
ments in the presence of this acid, as at fairly high temperature 
the concentration of sulphuric acid solutions is more easily fun- 
trolled than the concentration of hydrogen chloride solutions. 

E X P E II I M E N T A L. 

For the investigation of the reaction between sulphur dioxide 
and reduced solutions of molybdic anhydride in sulphuric acid, 
the apparatus shown in Fig. 1 was finally adopted. 

The reduction of the solution was accomplished elect roly tically 
in the cell A. This consisted of an outer glass vessel, which 
used as the cathode chamber and was closed with a large rubber 
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bung. Through a hole in the centre of this passed a porous pot 
which served as the anode chamber. The electrodes were of 
smooth platinum, and the voltage was varied according to the 
concentration of the sulphuric acid, but was usually adjusted to 
give a current of 7 — 8 amperes. The cathode and the anode 
chambers were filled with the solution of ammonium molybdate 
and sulphuric acid. To prevent its temperature rising, the cell 
was immersed in a bath through which cold water continuously 
circulated. During the reduction, a stream of nitrogen was passed 
through the solution by means of the tube, a, in the cathode 
chamber. By suitably adjusting the taps, all air could be cleared 
from the apparatus. When the solution was completely reduced, 

Fie. I. 




portions were forced into the lunette. ]>, fur analysis, whilst the 
remainder was transferred to the flask. />. The latter was pro- 
vided with a double-surface condenser to minimise evaporation 
during the experiment. With taps 5 and 7 closed and (3 open, 
a stream of sulphur dioxide was passed through the reduced 
solution for half an hour at room lem}KTature and then for twelve 
to fifteen hours with the temperature of the water-bath surrounding 
the flask kept constant at SH1 C . 

Description of the Phenomena. 

the colour of the completely reduced solution depended on the 
concentration of the acid present. In highly concentrated acid, 
the solution was salmon-pink, whereas with less concentrated acid 
d was either olive-green or bright green. On passage of sulphur 
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dioxide into the salmon-pink solution 3 the colour changed imme- 
diately to reddish-brown and then to carmine -red. If the solution 
was initially bright green, it became successively olive-green, 
brown, and carmine-red, whilst the olive-green solution became 
brown and finally” carmine-red. The colour changes were accom- 
panied by an opalescence, but on raising the solution to 90° tlu* 
finely divided precipitate was coagulated. The colour of the solid 
thus produced varied from dark brown to light brown, according 
as the acid was concentrated or dilute. A deposit of sulphur 
gradually accumulated in the mouth of the flask and in the con- 
denser. After the sulphur dioxide had passed for the required 
time, it was replaced by a current of nitrogen. The passage of 
this gas was continued until sulphur dioxide could no longer b< 
detected at the exit tube. The solution, after cooling in Hit- 
nitrogen stream, was forced through the glass-wool Alter into the 
conical flask, C , by closing taps 8 and 10 and opening taps 9. 7. 
11, and 15. By suitable rearrangement of taps, the red liquid was 
forced into the burette, E. 

Quantitative Aspect of the Reaction. 

The quantitative study of the reaction depends on a consider- 
ation of the nature of the initial and final solutions. In attempting 
to determine the stage of oxidation or reduction of a sulphuric 
acid molybdenum solution, it is necessary in the first place to 
know the total molybdenum content. Then since potassium 
permanganate solution will oxidise any reduced molybdenum 
solution to the sexa valent stage, one can readily deduce the exact 
constitution from a consideration of these two factors. After a 
detailed investigation of various methods for titrating reduced 
molybdenum solutions with standard potassium permanganate, 
we drew the conclusion that the best results were obtained when 
the fully reduced molybdenum solution was run directly into a 
stoppered flask containing ferric alum acidified with sulphuric 
acid and through which a current of nitrogen was passing. lc 
determine the total molybdenum two methods were used. In the 
ease of the initial solutions, these were boiled with hydrogen per- 
oxide to effect oxidation to the scxavalent stage, and the molyb- 
denum was precipitated as the trisulphide and weighed as ilu* 
oxide in the usual way. This was done to determine whether the 
initial solution was reduced to the torvalcnt condition. Uui' 
exjjeriments indicated tliat only when the solution was reduced 
to the stage developing the bright green colour, was reduction to 
the terra lent state complete. 

The total molybdenum in tin- final ml solution was estimated 
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by means of the apparatus shown in Fig. 2, which is a modification 
of the Jones’s reductor. Wedged in the bottom of the tube above 
the tap is a perforated disk which supports a glass-wool filter, 
1J inches deep. The tube is then filled with small pieces of pure 
sheet zinc, bent into V-shapc to prevent clogging as far as possible. 
Twenty c.c. of the red solution from burette E were used in each 
determination. In carrying out a determination, the reductor was 
first cleaned with 2| per cent, sulphuric acid. 

The acid concentration of the red solution was 
adjusted to approximately 3Y. It lias been 
found advantageous to adjust the acid con- 
centration to this normality, for if sufficient 
acid is not present, hydrolysis of the reduced 
molybdenum solution will occur, whilst if the 
acid is too concentrated, hydrogen sulphide will 
be formed, which will affect the permanganate 
litre. Ten c.c. of hot 2^ per cent, sulphuric 
acid were introduced into the reductor and 
followed by the molybdenum solution, heated 
almost to boiling. The red solution was allowed 
to remain in the reductor until it was completely 
reduced to the green stage and then run directly 
into the flask containing ferric alum solution, 
through which nitrogen continuously passed. 

Any molybdenum remaining in the reductor 
was removed by successive washings with hot 
2J per cent, sulphuric acid. The contents of 
the flask were then titrated with standard 
permanganate. Blank experiments were always 
carried out and the necessary adjustments made. K 
The accuracy of the method, which has been 
established by other investigators, is confirmed 
by the following typical results : Found : weight 
of }Io0 3 in a given sample (a) by the gravi- 
metric method =•• 0T318 gram, ( b ) by the 
reduction method -- 0*1320 gram. The result 
in the ease of the reductor method is calculated on the assumption 
that the reduced solution is ter valent, and this assumption appears 
to be justified. The stage of oxidation of the final red solution is 
given by the expression G — 3 where fj is the permanganate 
titre and the titration value of the same volume of the red 
solution after passing through the reductor, 

Degree of Oxidation.- -Approximately 5U0 c.c. of the solution 
after reduction in the cell were allowed to react with sulphur 
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dioxide for twelve to fifteen hours, the reaction flask being immersed 
in a bath kept constantly at 90°. 

Table I. 

Concentration of molybdenum solution = 0*25 gram of molybdic anhydride 
per 100 c.c. 

Normality of acid 2 2-75 4 7 10 15# 

Oxidation stage Mo 2 0„ where x — IMS 3-80 4 04 4*26 4-33 4 20 

Concentration of molybdenum solution — 2-5 grams of molybdic anhydride 
per 100 c.e. 

Normality of acid ..... 2 5 7 10# 

Oxidation stage Mo 2 O it where x — 3-76 4 15 4*20 4*20 

The table clearly shows that the extent to which oxidation by 
sulphur dioxide occurs depends on the acid concentration. In acid 
of low concentration the stage where x = 4 is not reached, whilst 
in the more concentrated acid this stage is surpassed. However, 
in no case does the oxidation proceed to the quinque valent con- 
dition. There is no evidence that the concentration of the molyb- 
denum materially affects the degree of oxidation. 

Composition of the Precipitate. — The solid which separated out 
in the reaction between sulphur dioxide and the tcrvalent 
molybdenum solution mentioned above consisted of an intimate 
mixture of sulphur and a molybdenum sulphide. The colour of 
the deposit varied from dark brown to light brown, according to 
the amount of sulphur present. Chloroform extracted a large 
proportion of sulphur and left a dark brown powder which was 
practically insoluble in concentrated hydrochloric acid, only slightly 
soluble in warm, yellow ammonium sulphide, and contained molyb- 
denum and sulphur. After prolonged extraction of the powder with 
chloroform, analysis of the residue failed to give concordant results, 
probably owing to the difficulty of completely extracting occluded 
sulphur. The residue was undoubtedly a sulphide of molybdenum, 
but not the Irisnlphide. 

Degree of Oxidation in Dilute Acids. — Experiments were carried 
out with the tcrvalent molybdenum solutions in normal acid, and 
although the reaction with sulphur dioxide was apparently 
identical with that in acid of higher concent rat ion, the results 
indicated the operation of some disturbing factor. The equilib- 
rium values obtained under similar conditions varied considerably 
in different experiments, and were nut of the order one would have 
expected from a consideration of the results given in Table I. When 
the acid concentration was reduced to semi-normal, a quite different 
phenomenon was exhibited on passage of the sulphur dioxide. 
A large part of the molybdenum was precipitated during the 



OK SULPHUR DIOXIDE. PART IV. MOLYBDENUM SULPHATES. 975 


experiment as a black mud, which behaved chemically as a molyb- 
denum hydroxide, and is probably a mixture of Mo0 2 ,H 2 0 and 
Mo(OH) 3 . The final solution had a pale yellow colour, and 
although containing practically no molybdenum, it had an appre- 
ciable permanganate titre, the end-point being very indefinite. 
Only after long and vigorous boiling was the solution decomposed 
with deposition of sulphur. On boiling with dilute sulphuric acid, 
relatively large quantities of hydrogen sulphide were evolved. 
By addition of alkali, a small, greenish-brown precipitate was 
obtained, readily soluble in hydrochloric acid to a pinkish-brown 
solution, which on reduction with zinc acquired an olive-green 
colour. Apparently the solution contained thionic acids with a 
small quantity of molybdenum. 

Reaction of Hydrogen Sulphide with Tenalent 
Molybdenum Solutions. 

The reaction of h 3 'drogen sulphide with tervalent molybdenum 
solutions receives mention in Miller s “ Inorganic Chemistry,” 
1878, p. 714, which states “hydrogen sulphide slowly produces 
a brown precipitate of hj’dratod sulphide, soluble in amnionic 
hydrin sulphide.” Beyond this, no further information seems 
available. Our own experiments show that hydrogen sulphide 
may be passed through a green tervalent molybdenum solution 
for two or three hours without producing any effect, but if this 
saturated solution be sealed in a flask, a black precipitate will 
separate in the course of a few days. Qualitative tests on the 
precipitated sulphide indicate that it is identical in its chemical 
reactions with the brown sulphide obtained in our oxidation 
experiments. Quantitative analyses indicate that it is a sesqui- 
sulphide of molybdenum with varying water content. 

Reaction of Sulphur with Tiwdcut Molybdenum Solutions. 

The green tervalent molybdenum solution was allowed to react 
with finely powdered, recrystallised sulphur in a flask through 
which a current of carbon dioxide was passing. Hydrogen sulphide 
was slowly evolved at the ordinary temperature and the green 
solution gradually turned brown. On immersing the flask in a 
bath of boiling water, hydrogen sulphide was evolved in consider- 
able quantity, the solution eventually turning red. This reaction 
is of interest as showing the powerful reducing properties of the 
green solution. Xo sulphide was precipitated in these experi- 
ments. Quadrivalent molybdenum solutions were not reactive 
with sulphur. 
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Reactions of Acidified Tervalent Molybdenum Solutions with 
Sodium Tetrathionate and Sodium Trithionate. 

Reference to recent literature on the stability of the polythionic 
acids gives many conflicting opinions. Ricscnfeld and Feld (Z. 
anorg. Chem 1021, 119, 225) state that in the presence of acid, 
of the three polythionic acids, tetrathionie acid is the least stable 
and decomposes relatively quickly into tri- and pcnta-thionic 
acids. Trithionic acid decomposes more slowly with formation 
of sulphur dioxide, whilst pentathionic acid decomposes only in 
the course of months, with separation of sulphur. Foerster and 
Homig (Z, anorg . Chem.. 1922, 125, 8G) state that, of the poly- 
thionic acids and their salts, the tetrathionates are the most stable, 
the trithionates the most unstable, whilst the pentathionates 
occupy a mean position. Moreover, they state that a high con- 
centration of hydrogen -ion retards the decomposition of tetra- 
and penta-thionic acids, but not of trithionic acid. These facts 
are of especial interest, for it has already been stated that when 
sulphur dioxide reacts in dilute acid molybdenum solutions, there 
seems good reason to suppose that a formation of thionic acids 
occurs and that the solution is comparatively stable. We con- 
sidered, therefore, that the interaction of sodium tetrathionate 
and the reduced molybdenum solution might indicate whether our 
hypothesis was justified. 

Sodium tetrathionate was placed in the reaction flask and a 
tervalent molybdenum solution in 3.Y -sulphuric acid run in, when 
hydrogen sulphide was immediately evolved in the cold. The 
reaction was allowed to proceed for twenty-one hours in a current 
of nitrogen, which expelled the hydrogen sulphide as it was formed. 
A brown precipitate formed, insoluble in hydrochloric acid and 
only slowly dissolved by yellow ammonium sulphide. The pre- 
cipitate was not the outcome of reaction between the hydrogen 
sulphide and the green solution, for it has already been shown that 
a precipitate is only formed by saturating the solution with 
hydrogen sulphide and keeping it for a considerable time. Sodium 
tetrathionate treated with oM -sulphuric acid is not reactive in 
the cold. Hydrogen sulphide is only evolved on vigorous boiling. 
The precipitated sulphide, therefore, appears to be a decoui- 
jxjsition product of the initially formed molybdenum tetrathionate. 
The hydrogen sulphide evolved may have been due to the decom- 
position of this unstable tetrathionate or to the reduction of free 
tetrathionie acid by the tervalent molybdenum solution. It will 
also have been formed by the action of liberated sulphur on the 
green solution. It seems quite conceivable, therefore, that when 
sulphur dioxide is passed into the reduced molybdenum solution 
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an initial reduction to tetrathionic acid occurs. Such a hypothesis 
can account for the abnormal results obtained in dilute acid and 
for the production of a mixture of molybdenum sulphide and sulphur 
in the more concentrated acids. 

Sodium trithionate reacts similarly with the tervalent molyb- 
denum solution. However, experiments with trithionic and tetra- 
thionic acids have led us to the conclusion that tetrathionic acid 
is the more stable and we incline, therefore, to the view that the 
initial reduction product of the sulphur dioxide is tetrathionic 
acid. 

The ileducimj Action of Sulphur Dioxide. 

One of the characteristic tests for molybdenum is the production 
of a blue colour when sulphur dioxide or hydrogen sulphide is 
passed into an acid solution containing sexavalent molybdenum. 
This coloration is due to the forma tioji of molybdenum-blue, an 
oxide of the form Mo 2 0 5 ,.rMo0 3 . If, however, sufficient acid is 
present, no such reduction will be effected. Edgar (dmer. J. 
Sci., 1908, [iv], 25, 332) proposed to estimate vanadium in the 
presence of molybdenum by boiling the solution with sulphur 
dioxide in the presence of definite concentrations of sulphuric acid, 
whereby the vanadium would be reduced but the sexavalent 
molybdenum would be unaffected. In our experiments, a solution 
containing 2-5 grams of molybdie anhydride per litre of 2-5.V- 
sulphuric acid gave a faint blue colour on treatment with sulphur 
dioxide for eight hours at 90 c , but with higher concentration of 
acid no reduction was noted. Evidently reduction of sexavalent 
molybdenum solutions can be inhibited by the presence of sufficient 
sulphuric acid, the 1 normality of which will depend on the con- 
centration of molybdie anhydride present. 

Wo then investigated the reaction of sulphur dioxide with 
solutions of molybdenum corresponding to stages of oxidation 
slightly higher and slightly lower than the quinquevalent condition. 
The following table presents a few typical results obtained with 
solutions containing 3 grams of molybdie anhydride per litre of 
sulphuric acid of definite acidity, which were reduced cleetro- 
lytically to definite stages and treated at 90' with a slow stream 
of sulphur dioxide. Ten c.e. of solution were used for each titration. 


Normality of 
sulphuric acid. 

I 

l 

1 

3 


Table 11. 


C.c. of KMnOj 

C.e. of KMn0 4 . 



required 

Initial 

Final 

Time in 


for Jlo v . 

value. 

value. 

hours. 

Remarks. 

2-] 

Ml 

Ml 

12 1 

Molybdenum- 

21 

Ml 

1-9 

24 1 

blue formed 

2 1 

2d 5 

2>i;> 

24 

No change 

3-8 

4-30 

4‘3l> 

40 



978 WARDLAW AND SYLVESTER : THE OXIDISING PROPERTIES 


The above table clearly shows that solutions containing molyb- 
denum in the quinquevalent condition were unaffected by the 
passage of sulphur dioxide, whereas those with molybdenum corre- 
sponding to a slightly higher stage of oxidation gave rise to molyb- 
denum-blue. As the titrations did not vary before and after the 
reaction with sulphur dioxide, and as no sulphur was produced, 
it did not appear that oxidation had taken place. Solutions of 
the same concentration and titre as the first two solutions men- 
tioned above were heated for a long period in a current of nitrogen, 
and it was found that they also gave rise to molybdenum-blue, 
proving that the sulphur dioxide had no specific effect on the 
reaction. Undoubtedly the formation of molybdenum-blue in 
all cases was the outcome of the equilibrium which has been 
established for hydrochloric and sulphuric acid solutions containing 
molybdenum in the quinque- and sexa-valent conditions : 

Mo 2 0 6 ,.tMo 0 3 + xH.O + 6HCI 

2MoOC 1 3 -f 3H 2 0 -f .rH 2 Mo0 4 . . . (1) 

In solutions corresponding to a stage just above the quinqui- 
valent, sexavalent and quinquevalent molybdenum arc present, 
and in accord with the above equilibrium they will form molyb- 
denum-blue in greater or smaller amount, depending on the add 
concentration. Molybdenum-blue is insoluble in 114 per coni, 
sulphuric acid, but in 50 per cent, acid it dissolves, giving rise to 
a yellow solution, whilst with S5 per cent, acid a green solution 
is obtained. In acid of high concentration wo have found tluii 
yellow and green solutions are produced when sulphur dioxide 
reacts at 90° with molybdenum solutions at a slightly higher stage 
of oxidation than the quinquevalent. Those effects arc produced 
not by a specific action of the sulphur dioxide, but by the estab- 
lishment of the above equilibrium relationship {see Abogg, “ Auer- 
ganische Chemie/’ IV, p. 027). 

In solutions representing a stage of oxidation below the quinqui- 
valent stage, but greater than the maximum oxidation stage 
reached by reaction of the sulphur dioxide with terrain; 1 molyb- 
denum, namely, Mo 2 0 4 . 2 , no reaction with the sulphur dioxide 
was observed. 

of 

A consideration of the titrations and the reactivity nf the green 
and red solutions has led 11 s to the conclusion that only when the 
vivid green colour is obtained in the reduction of acid molybdenum 
solutions is the tervalent stage attained. Moreover, on oxidation, 
this vivid green colour reverts to an olive-green, brown, and turn 
red, as shown by the reactions with sulphur dioxide and air. h 
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seems, therefore, that the red solution mentioned by Chilesotti 
is not in the tervalent condition. 

From the results of the investigation, two facts stand out 
prominently. First, the degree of oxidation by sulphur dioxide 
of a tervalent molybdenum solution is dependent on the acid 
concentration. Secondly, under the most favourable conditions 
of acidity, the oxidation only proceeds to a stage represented 
approximately as Mo 2 0 4 . 2 . Chilesotti { loc . cit.) has shown in 
connexion with the molybdenum chlorides that in the reduction 
from the sexavalent stage the only distinct stages shown are those 
of the quinquevalent and tervalent compounds. It seems justifi- 
able to assume that the sulphates will in all probability follow a 
similar course and on this conception the stage Mo 2 0 4 . 2 is the result 
of the presence in the solution of certain proportions of tervalent 
and quinqucvalent molybdenum. Moreover, the limited oxid- 
ation of tervalent molybdenum seems to point to the possibility 
of an equilibrium being established between the sulphates corre- 
sponding to these two stages. Although in the oxidation process 
precipitation of molybdenum sulphide occurs in addition to sulphur, 
the equilibrium reaction would be best expressed by the equation : 
Mo 2 (S0 4 ) 3 + S0 2 + 2H 2 S0 4 ^ Mo 2 (S0 4 ) 5 -f S + 2H 2 0 . . (2) 
Such an equation indicates the favourable influence of acid con- 
centration on the degree of oxidation. On the other hand, neither 
sulphur nor sulphur dioxide has been shown to reduce molybdenum 
sulphate solutions corresponding to a degree of oxidation greater 
than Mo 2 0 4 . 2 and less than the quinqucvalent stage. This pheno- 
menon is entirely analogous to that exhibited by the iron phosphates 
in their reactions with sulphur dioxide (T., 1920, 117, 1241), and 
an explanation similar to that given there seems applicable to 
the present case. Undoubtedly the non-redueibiUty of molyb- 
denum sulphates, whether in the sexavalent condition in the 
presence of sufficiently concentrated acid or between the stages 
of oxidation represented by Mo 2 0 42 and Mo 2 0 5 . is due to the 
presence of stable complexes which on ionisation give rise to 
complex anions containing the molybdenum. Nevertheless, it is 
quite conceivable that at the moment of its formation by oxidation 
of the tervalent molybdenum with sulphur dioxide, the quinqucvalent 
molybdenum sulphate, before being taken up in the form of a com- 
plex, may he reactive with the finely divided sulphur or the sulphur 
dioxide, the equilibrium relationship being thereby established. 

In dealing with molybdenum sulphate solutions containing 
molybdenum corresponding to stages between Mo s O s and Mo0 3 , 
the action of the sulphur dioxide is not specific, as such solutions 
form molybdenum-blue in accord with equation (1). 
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Summary. 

1. Sulphur dioxide oxidises solutions of tervalent molybdenum 
in sulphuric acid to stages intermediate between the ter- and 
quinque- valent conditions, sulphur and a molybdenum sulphide 
being precipitated. 

2. The degree of oxidation increases with increasing acid concentra- 
tion, the maximum oxidation stage being approximately 

3. Sulphur dioxide does not reduce sulphuric acid solutions of 
molybdenum corresponding to stages between Mo 2 0 4 . 2 and Mo 2 O o . 

4. Sulphuric acid solutions of molybdenum corresponding to 
stages slightly greater than Mo 2 0 5 , when treated with sulphur 
dioxide, give rise to molybdenum-blue. This result is not a specific 
effect of the sulphur dioxide, but the realisation of the equilibrium 
shown in equation (1). 

5. The reduction of molybdenum in the soxavaient condition 
by sulphur dioxide is inhibited by the presence of sufficient K* 
concentrated sulphuric acid. 

6. Tervalent molybdenum solutions in semi-normal sulphuric 
acid react differently with sulphur dioxide, tetrathionie acid 
probably being produced. 

7. A simplified reductor method for the estimation of molyb- 
denum is described. 

In conclusion, we wish to express our thanks to the Department 
of Scientific and Industrial Research for a grant to one of us 
(N. D. S.) which has enabled this investigation to be carried out. 
and to the Chemical Society for a grant towards the purchase of 
some of the materials. 

University or Birmingham, 

Edgbaston. [Ktcri >'•(!, February 22nd, 1o2j/ 


CXI I . — The Morphine Group. Pari I. A Discussion 
of the ('onstitulional Problem . 

By Joirx Masson Gulland and Robert Robinson. 

Largely on account of the migration phenomena encountered m 
the study of this group of alkaloids, the morphine puzzle lias 
absorbed the interest of many chemists in two generations, and 
in the case of no other natural product have so many different 
constitutional formula; been proposed or such a volume of experi- 
mental Avork, directed to the elucidation of constitution, recorded 
It is therefore only because the present authors are convinced 
that insufficient attention has been paid to certain aspects of the 



I’ART I. A DISCUSSION" OF THE CONSTITUTIONAL PROBLEM. 981 


subject that they venture to advance still another suggestion. 
The present communication is intended to be the introduction to 
a. series of experimental investigations, and Is explanatory of a 
working hypothesis which wo have adopted as the result of a review 
of the whole subject. 
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In order to provide a basis for discussion, formula (I) may be 
assumed to represent a possibly hypothetical dihydrocodeine, 
and the various structural elements in this expression call for 
brief examination. The phenanthrene skeleton, the tertiary 
-Nile- group attached to a chain of two atoms not included in the 
phenanthrene nucleus, the aromatic character of the upper benzene 
nucleus, the position of the alcoholic hydroxyl and methoxyl 
groups, and the existence of an ether-bridge have all been proved 
at some stage or other of the work of Vongerichten, Knorr, Pschorr, 
Freund, and others. There is, however, an element of ambiguity 
iti regard to all other points involved, although we believe that the 
case for the assumption that (I) is derived from codeine by the 
addition of two hydrogen atoms is an almost unanswerable one. 
The first question is the position of the oxygen bridge, and the 
arguments which can he used to support the usual view expressed 
in formula (I) are the following : 

(1) Attachment of oxygen to 4 * is certain, hence further attach- 
ment to f> is the most natural assumption oil stereochemical grounds. 
(-) Codeine may be degraded to methyimorphenol (II) by simple 
processes and the constitution of morphenol is proved by its con- 
version on fusion with potassium hydroxide into 3:4: 5-trihydroxy- 
phenanthrenc, the trimethyl ether (III) of which has been synthesised 
l>y Psehorr.f (3) The stability of the oxide ring towards reducing 


* Reference is made to the various positions, numbered as in formula (I) 
by means of simple numerals; for example, G instead of position 0 or “the 
carbon atom in position 6/’ 

t A bibliography of relevant literature bearing directly on the morphine 
problem is appended. 
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agents is very much diminished when a ke to -group appears at 6 
as in codeinonc. This clearly indicates attachment of oxygen of 
the ether link to 5 or 7, and of those the latter presents no advantages 
whatever. 

The attachment of the nitrogen atom to 9 follows from the 
results obtained by Knorr on the methine derived from hydroxy, 
codeine and by comparison with other alkaloids and phenanthrene 
bases (glaucinc, bulboca pnine, dicentrine, laurotcianinc, etc.) of 
proved and analogous constitution. The point of attachment of 
the 2-carbon chain, which, it may be remarked, cannot have the 
ethylidene arrangement ~XMc*CHMe*, to the phenanthrene nucleus 
is tlie most controversial point included in the expression ([}, 
Indeed in the greater number of morphine formula* suggested in 
recent years the example of Kunrr lias been followed and 15 has 
been joined to 5. Xe vert he less, the proof given by Pschorr of 
the constitution of apomorphinc and of morphothebaine (IV) must 
be taken into account and in addition the relation of morphine, 
codeine, and thebaine to the bases which accompany them in the 
plant. In this connexion, particular attention may be directed 
to the alkaloid iVothebaine, which has formula V, in which the 
only doubtful features arc the positions assigned to the hydroxyl 
and methoxyl groups. This base occurs in the root of Papaiv 
orientate after the period of blooming and withering of the a: rial 
parts. During the time of vigorous growth of the plant, however, 
thebaine is the only alkaloidal constituent which can be isolated. 
It has been inferred that thebaine is actually converted into 
fsothebaine, and as the latter substance is proved to belong to the 
aromatic phenanthrene group and to have a carbon atom of the 
side chain linked to 8. it is el^ar that thebaine should be similarly 
constituted. 
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For the above reasons, we consider it wry probable that (I) 
represents codeine plus two hydrogen atoms and although, as has 
been indicated, this conclusion is by no means based on deceiu 1 
experiments, it must be admitted that the assumption is in harmmij 
with the broad lines of the chemistry of these alkaloids and i» 
especially attractive if weight is attached to the argument connected 



part I. A DISCUSSION OF THE CONSTITUTIONAL PROBLEM. 983 


with their natural occurrence side by side with bases of proved 
iwquinoline structure. The chief reason why the fundamental 
basis afforded by this expression has been abandoned by many 
investigators is that it was supposed to be impossible to use it to 
develop a satisfactory formula for codeine, and it is the purpose 
of the present communication to remove this objection, The 
further problems which confront us are the determination of the 
manner in which the codeine formula is to be evolved from (I) by the 
removal of two hydrogen atoms, and the consistent explanation 
of the remarkable transformations which have been observed in 
this group with the aid of the expression so deduced. In the 
first place, it seems certain that codeine does not contain an ethylene 
linkage. The ultimate failure of the Pschorr formula was due to 
the fact that the morphine chemistry could not be explained on 
the basis of a structure derived from (I) and containing a double 
bond and even when the ’CH 2 'CH 2 , XMe* chain is attached to 5 as 
in the Knorr formula there are grave disadvantages attached to 
every possible position for a double linking. These arise chiefly 
in regard to the relations of the isomeric methylmorphimethines, 
but tiie point need not be laboured, as there is positive evidence 
available that codeine contains an alicyelic bridge. Freund, 
Mel her, and Schlcsinger have prepared two isomeric tetrahydrodeoxv- 
codeines in regard to both of which the following statements are 
true. (1) The alcoholic hydroxyl is replaced by hydrogen. (2) 
Two hydrogen atoms are added at the oxygen bridge because these 
substances are phenolic in character. (3) These reduced deoxy- 
eodeines are tertiary bases, and therefore the C-XMc link is not 
broken. The a-fonn results when dcoxyeodeine (or a- or [S-cUloro* 
codide) is lirst reduced eloctrolytically at a lead cathode and the 
dihydrodeoxycodeine then treated with hydrogen in presence of 
palladium. The fJ-isomcride is obtained by the reduction of 
deoxycodeine hydrochloride by means nf hydrogen in presence of 
palladium in aqueous solution. 
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These results are with reason attributed by Ffeund and Speyer 
to the breaking of the bridge-ring system of codeine in two 
directions as shown in formulae VI for codeine and VII and VITl 
for the isomeric tctrahydrodeoxy codeines. A second example 
of isomerism which must be due to the fission of the bridge-ring 
in two directions is dealt with in Part II of this investigation (p. 998). 
A further strong argument tending to prove the non-existence of 
a double bond in codeine is derived from the fact that the ketone 
codeinone can be obtained from the secondary alcohol codeine by 
oxidation with potassium permanganate in acetone solution. It 
is difficult to believe that this could be the case if codeine were 
unsaturated, and, moreover, in addition to codeinone, the chief 
product of the oxidation of codeine is a hydro xycodeine in which 
the new hydroxyl group occurs at 9 or 10, very probably 10, and for 
other reasons it is certain that the carbon atoms in these positions 
are saturated. Finally, in this connexion, it may be noted that the 
behaviour of thebaine towards ozone shows t hat this base, 0 w H 21 0 3 X, 
is attacked by the reagent at one point only, since it is converted 
into an aldehyde or ketone, C 19 H 21 0 5 X, termed tkebaizone, which 
appears to be the methyl ester of a carboxylic acid. Thebaine 
is thus oxidised at the ethylene linkage or readily ruptured bridge 
which is produced in that enolie or other tautomeric form of codemom* 
of which the base is the methyl ether. In view of the close relation 
of thebaine to codeine, as proved by the hydrolysis of the former 
to codeinone and methyl alcohol, it may be inferred that what 
may be called the eodeinoid unsaturation is of the polycyclic type. 
The researches of Freund on the oxidation of thebaine to hydroxy* 
codeinone and on the attempted reduction of phenvldihydrothebaine 
lead to the same conclusion. 

The next stage in our inquiry is to attempt a decision as to the 
position of the new ring which it is clearly necessary to introduce 
into the structure (1), and it is at this point that we wish to lay 
stress on a consideration to which, in our opinion, quite insufficient 
weight has been hitherto attached. Of the reactions encountered 
in the study of the chemistry of morphine and its allies nom- 
are more remarkable and surprising than those in which an 
aromatic phonanthrene system and an aminoethanol derivative arc 
simultaneously produced. It is generally recognised that these 
degradations involve* the break of a earbon-to-carbon union, and 
they occur in various tyj>es of morphine derivatives. It is not 
merely a case of a singular reaction occurring in one or two particular 
substances ; the process is so common that its cause must be sought 
in some general property of the morphine structure. The driving 
force behind the change is doubtless the tendency to produce an 
aromatic nucleus, because the extrusion of the side-chain is never 
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observed independently of the formation of the true phenanthrene 
derivative. But the obvious consequence has not previously been 
stated. The formation of the aromatic phenanthrene derivative 
cannot take place for structural reasons unless the ethanamine side- 
chain is displaced in favour of a hydrogen atom or hydroxyl group. 
Actually the displacement is normally in favour of a hydrogen atom. 
It is equally clear that the only structural condition which could 
inhibit aromatic ring formation is that the side-chain is attached 
to a quaternary carbon atom, one of those (13, 14) which are shared 
by two nuclei in the resulting phenanthrene derivative. An 
analogous case is that of abietic acid, which always loses a methyl 
group when it is converted into retcnc. The explanation in this 
example is accepted that the methyl group is attached to one of 
the carbon atoms common to two rings, but unaccountably the same 
deduction has not been drawn in relation to morphine and none of 
the current formula; for the substance satisfies the above require- 
ment. Applying it, we find that the bridge must be 8-15-13 or 
8-15-14. It cannot be 8-15-5, because Knorr and Pschorr 
have observed degradative formation of phenanthrene derivatives 
in the case of methylthebainoncmethine. and in this substance the 
oxide ring is broken and both 5 and 8 bear a hydrogen atom. If 
the bridge were 8-15-5, we should lu re have loss of the side chain 
without the alleged compelling reason and an explanation other 
than that now 7 advanced would have to be found. That the position 
of the OON chain presents an obstacle to the formation of a true 
aromatic ring follows also from the stability of hydroxythebainone. 
If this substance had the constitution (IX) assigned to it by its 
discoverers, it should pass into an aromatic compound such as 
morphothebaine (IV) with facility, and yet it is prepared from 
hydroxycodeinone by the action of a solution of stannous chloride 
in concentrated hydrochloric acid in a sealed tube at 100'. In 
agreement with these views, the alternative expressions for the 
constitution of codeine are X and XI and it will be convenient 
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lo discuss, ill tlie tinst place, the explanation of the transformations 
of this group of bases with the aid of the pinene-likc formula X. 

The Isomer ides of Morphine and Codeine . — The relation of 
morphine and codeine with their halide derivatives and isomerides 
is illustrated in the following tables. The names given in brackets 
are not employed in the text. 
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Bromoraorphide — *- Brumocodide 
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It has been abundantly proved that the alcoholic hydroxyl in the 
stereoisomeric pair, codeine and bwodoine, is at 6, whilst alfa 
^-codeine and C -codeine, also stcreoisomerides, are structurally 
different from codeine and have a secondary alcoholic group ai ft. 
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It is not known to which of the two scries the various halogeno- 
morphides and -cod ides belong. The tables show how often it is 
necessary to recognise the migration of hydroxyl from an a- to a 
^.position and it will be noticed that the transformation can be 
reversed. In searching the literature for analogies, we encountered 
several cases of a very similar nature, and perhaps the best known 
of these concerns the relations of gcraniol (XII) and linalool (XIII). 
(XII.) Me 2 C:CH*CH 2 *CH 2 -a\Ie:CH*CH 2 -OH 

(xiii.) mc 2 c:ch*ch 2 ‘Cii 2 *omc(oh)-ch:ch 2 

These alcohols are interconvertible in several ways. Linalool 
may be obtained from gcraniol by heating with water at 200° 
under pressure, by hydrolysing the chlorides obtained from geraniol, 
and by passing steam into an aqueous solution of geranyl hydrogen 
phthalate. On the other hand, linalool may be converted into 
geraniol by hydrolysis of the products of the action of hydrochloric 
acid, by treatment with half a per cent, of sulphuric acid in acetic 
acid solution, and best of all by means of acetic anhydride, which 
produces geranyl acetate. The molecular changes involved in 
these reactions are illustrated in the scheme : 

OH 0H OH 

c-c=c =f-~- c e c . -- c=o— c 


On the partial valency cycle theory of intramolecular re-arrange- 
ment this example belongs to the considerable group (including 
the Beckmann change) which involves a four-ring intermediate 
stage. The conversion of codeine into C -codeine (XIV) can be 
quite analogously represented and the intermediate stage is given 
in the part-formula (XV) for purposes of comparison. It is a 
decided advantage of the bridge formulation of codeine (X) and 
the attachment of the bridge carbon to 8 that we arc thus able 
to represent this characteristic wandering of oxygen as an inter- 
change. 
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Both the codeine and ^-codeine structures can be set up on models 
of the Engler type and are found to be relatively unstrained 
arrangements. On inspection, it is seen that the formation of 
wocodeine (6— OH series) from $ -codeine through (S-chlorocodide 
is most readily explicable if it is assumed that the hydroxyl and 
the bridge are in fraw^-relation in codeine. The argument of 
Knorr that codeine and d -codeine must have the same carbon 
skeleton because they may be converted into one and the same 
deoxycodeine has little weight, since the deoxycodeine is not 
obtained directly but through the halogeno-codides. Obviously 
a transformation of the more labile into the more stable series is 
not excluded and it would appear from this evidence that such 
a change does, in fact, occur during the formation as well as durinir 
the hydrolysis of the halogeno-codides. 


The Isomeric 21 eth yl morph imcthincs. 

These substances are obtained by the decomposition of the 
codeine methohydroxidcs, and each of the codeines gives rise to a 
distinct methylmorphimetliine. Those derived from codeine and 
isoeodeine may* be converted into isoineridcs by the action of 
alcoholic alkali and in other ways, whereas those derived from 
alio - ^-codeine and y -codeine are not convertible into isomerides. 
It is very important to note that none of the methylmorphimethincs 
can have more than one benzene ring because they are all un- 
saturated and the formula X is the first codeine formula to be 
proposed which offers an explanation of this fact. The occurrence 
uf a second aromatic nucleus is, of course, inhibited by the attach- 
merit of the side chain to 13. The following table exhibit* the 
relations and nomenclature of the six methylnuirphimcthiiu- 

Motholiydioxiil* from 

(.soCodeino tifty-C -Codvin** vJ-Codrim- 


2-Mot hylmorpliiiw thin*'. 

It has been clearly proved that the hydroxyl group in /-■ V- 
and 6-methyl niorphimethines is at G and in the «- and ^-isoineridcs 
at 8. The codeine formula (X) allows the change of » into ? and 
y into 6 to be explained in a simple manner as shown in the formula 
XVI and XVII for the a- and [i-isomoriries, respectively. 
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f. and £-Methylniorphimelhincs receive the formula XVIII and 
the stability of these substances towards alcoholic potassium 
hydroxide is easily understood when it is considered that the more 
unstable bridge Jink is removed in this expression from the double 
bond and the tendency to form a conjugated system of two ethylene 
linkages has little scope. Examples culled from the terpene 
group show that a bridge breaks down with especial facility when 
in so doing it can directly produce a conjugated system. The 
formation of carvenone from oaronc, cat votanacetone from thujone, 
and cucarvone from oarvone hydrobnujiide may be cited in this 
connexion. If, however, the bridge is connected to a carbon atom 
in the '/-position with respect to a carbonyl or ethylene group, 
a conjugated system is not formed, because the '/-carbon is negative 
and the fi-atom positive. T!ii< point is illustrated in tin* schemes : 
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decomposition of hydracrvlic acid and the stability of lactic acid. 
From the above it will be seen that in the a- and y-methylmorphi. 
methines we have the ideal conditions for the break of the bridged 
ring which is favoured both by the tendency to form a conjugated 
system and by the considerations connected with polarity. It 
may be remarked that we should expect c-methylmorphimcthine 
to be more stable towards acids than the £-isomeridc, because 
in the former substance the hydroxyl group and the hydrogen atom 
marked with an asterisk in formula XVI If are in fra/fs-relation. 
As a matter of fact, derivatives of aZto-^-codcine have been little 
investigated. 


The Degradation to Morphol Derivatives. 

This fission takes place under a variety of conditions and the 
basic side chain is removed in various forms, which include dimcthvl- 
aminoethanol and its acetate, diniethylaminoelliyl ether, and 
tetramethylethylenediamine. The last substance results from the 
addition of dimetliylamine to vinyldimethylamine. A single 
example will suffice and the stages represented are, of course, 
hypothetical and designed to show that formula X provides a 
natural explanation. The point which is stressed is the compulsory 
removal of the ethylene side chain in order that the aromatic ring 
may be formed. A by-product of the reaction chosen is the acetyl 
derivative of £-methylmnrphimotliiue. 
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Production oj Morph' not from Mdhflmorphiinct/une 
M cihohyd roxidr-a. 

The stale of oxidation of a tertiary ha.se is increased by its 
conversion into a mctholiydroxide, and tJie mothylinorphimethine 
met holiydrox ides arc, for this reason, able to change to an aromatic 
phcnanthrenc without the opening of the oxide ring. The following 
is self-explanatory : 
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a\K) Morphine and Morphothcbaiuc, 

lhe severance of the S-ld-binding leading ti> t.ho formation of 
non-nitrogenous phenantlirenc derivatives is cxperinu-utallv readily 
iccognised, because the products are not basic and often are 
easily separated and purified. In many eases, huuvvcr. there has 
hcen observer I the production of phenantluvne bases anrl this 
is rlue to the breaking of the union of lo lo K>. The reason for the 
elimination of the ethylene group is then non-existent. The 
formation of morphothebaiue from eor lei none by the action of hot 
concentrated hydrochloric acid furnishes one of the smoothest 
’ncn\n processes of this kind and the production of ojwmorpliine 
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from chlorocodidc, for example, is an entirely similar miction. 
The former case may be chosen as an example : 
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This base i> formed by tin* action of hot dilute hytln jclilorie 
acid on thebaine, or the first product of its hydrolysis, namely, 
codeinone. and from g-codoiuone by a similar method. It has 
been conclusively proved by Rscliorr to have the formula XIX 
(R CH,*CH,-XH Me) and therefore it is remarkable that it shouH 
be obtainable both from codeinone (CO at t») and ^-codeinone 
(CO at S). especially since the reaction is facile in the former oast 
and somewhat difticult to bring about in tlie latter. There an* 
only two conceivable explanations whatever the constitution of 
morphine may be. Hither oxygen wanders and this is very unusual 
in the ease of oxygen of a carbonyl group, nr the lower ring revolve 
about I$0 : at some stage. We take tirst the formation from 
t'-eodeinone in which the oxygen is already in the correct position. 
There are two ways in which blocked hydroaromatic Mthdana; 
having a suitable state of oxidation arc known to pass into arnmatk 
compounds. One is by displacement of a group from the nmlccuk 
altogether and the other, almost as common, is by the wamlenni: 
of a group to an adjacent carbon atom. We believe tint 1 1n- 
formation of t lichen ine involves such a migration and formula X 
for codeine leads to an explanation of the reaction for which there 
arc many analogies. The following will serve to illustrate the 
point : 
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The stages in the production of thoheoine tan he represented in 
tlic following manner (R •CH./CH/XHMe) : 
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The molecular rearrangement is of the /vobornrol-onnipheno type. 
Probably the difficulty experienced in the conversion (if C-codeinone 
into the be nine is connected with the initial stages, because the 
bridge in the g-series is, in oilier reactions, more difficult to break 
than in the codeine series. 

in the formation of thrbenine from eodeinotte (thebaine) we 
may, of course, assume a similar mechanism plus migration of 
oxygen from 0 to S and in this respect formula X for codeine 
labours under no disadvantage from which other formula? arc free. 
Jho following mechanism seems, however, more probable and we 
pat it forward with the reservation that the acceptance of this 
detail is not essential to our ease. 
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If this is correct, the two schemes given are related in that the 
group R prefers to migrate to that adjacent carbon atom which 
is most remote from t ho earbonvl group. A careful examination 
of the whole of the literature relating to morphine and its allies 
lias not di-'clo-cd any facts which are not in harmony with formula 
X for codeine, nor any which demand a special explanation, as 
in the case of t lichen ine. 

The problem of thehuinone is considered in Part JI. Havin'.* 
now reviewer! the facts on the hasN of formula X. it remains tn 
eonsidor whether the altcrnatiw XI is npially satisfactory as a 
summary of the relations of t lies' 1 alkaloids. In our opinion, 
this is not so. although the arguments are imt < f a deei bvc characJer. 
Tf XI represents the nml. rule of codeine, t -codeine would he a 
fu/c/opentano dcrivat ix e and the dith-ivm-c in stability of the rii'.g 
systems should he e* ni.-iderahlr, so that th<‘ reversibility of the 
codeine o.' -codeine transformation presents a dilheuity. The 
isomeri-at ion of and - ( -meWiv lmorpliimetliines would nut receive 
a very natural exphmatioii ami t ln-rt- would he no apparent misuii 
whv the c- and c-isomer'idcs are nnaUaeUed by alcoholic potassium 
hydroxide. The formation of thehenine from eodeimme would 
necessarily iiivohe rotation <4 the lower ring, and from C -codeine 
it would involve' rotation and wandering of oxygen as well. Hr 
these reasons, we propose formula X as being, in all probability 
the br>t representation of tin* conMiiution of codeine. Tliehaim 1 
is the methyl ether of a tautomeric form of rodeinone and on the 
basis of the codeine constitution now brought forward several 
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alternatives call for consideration. It is hoped that the matter 
will be discussed in detail in a future communication, but it may 
be stated now that we regard thebaine us dehydrocodeine methyl 
ether, in the molecule of which the carbon atoms at 6 and 14 are 
directly connected by a bond. This conclusion lias been drawn 
mainly as the result of a study of hydroxycodcinone, a base prepared 
by Freund by the oxidation of thebaine with hydrogen peroxide. 
The formulae proposed hitherto as symbols of "the behaviour of 
hydroxycodeinone and its derivatives have all contained the 
group -CH(OH)-CO- in spite of Ihe fact that it reduces neither 
Killing’s solution nor ammoiiiacal silver nitrate and cannot be 
converted into an osazone. If the hydroxyl group is not situated 
in the a-position with respect to carbonyl, it is equally certain that 
hydroxycodeinone and hydro xydihydrocodeinone are not 3-hydroxy- 
ketones, because they are very much too stable and exhibit no 
tendency to lose the eleYnents of water. Similar arguments can 
be cited to show that the only tenable hypothesis is that this 
oxidation product of thebaine is 14 -hydroxycodeinone and this 
loads to the unexpected and remarkable thebaine formula which 
has been indicated above. Inspection of the models shows that the 
arrangement is not particularly straiued. although more so than 
in codeine, and that carbon atoms in the alley die portion of the 
molecule occur at seven of the corners of a cube. A further 
interesting point is that the benzene ring i^ constrained and most 
naturally assumes the boat-shaped configuration recently suggested 
by Sir William Bragg as the probable arrangement existing in the 
crystal molecules of annual ir compounds. Finally, it may bo pointed 
mit that the pinoeean formula for morphine is in reality a modi- 
fication of IVhorr's original " pyridine formula, and although 
wo lefuin from using the fact as an argument, a proceeding which 
would be an inversion of the logical order of development, it could 
have been printed without any modilicatimi of the text in place of 
the Psehorr formula in the scheme developed by one of us to 
n present the genetic relationships of the dotjuindine group of the 
alkaloids. It is merely a question of the direction of elimination 
of one molecule of water so as to produce a bridge instead of a 
double bond. The experimental work on which we are engaged 
in connexion with this subject is designed to provide crucial tests 
ef the suggestions now advanced and is greatly facilitated bv a 
generous gift of material from Professor W. H.‘ Perkin, to whom 
we tender our warmest thanks, in collaboration with Dr. 0. F. 
'an Buin, one of ns is also attacking the problem of the constitution 
ot neopinc, a rare opium alkaloid discovered by T. and H. Smith, 
an investigated by Dobbin and Lauder. This base was known 
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only as a gum which yielded a crystalline hydrobromide and \\ 
was thought to be a hydroxycodeiue. Dr. van Duin has luckily 
succeeded in crystallising the substance and it is a new isomeridt- 
of codeine. We are greatly indebted to Messrs T. and If. Smith for 
a supply of this unique material and for the trouble which they have 
taken in preparing it in a state of purity. 

Summary. 

A new formula for codeine (morphine methyl ether) is suggested, 
the main stages in the argument being the following : 

1. Codeine is not unsaturated hut contains a bridged ring. 

2. The position of the bridge is deduced from (a) degradation 
of morphine or codeine to apomorphine and of codeine or thehainc 
to morphothebaine, (l>) the relation of the morphine group tu 
other opium alkaloids, (c) the consideration that in the decom- 
positions leading to non -nitrogenous* aromatic phenanthrenc 
derivatives the breaking of a earbon-to-carbon union occurs because 
the point of attachment of the etliauaniine chain offers a structural 
obstacle to the formation of aromatic nuclei. 

11. The formula so deduced provides a natural explanation of the 
eiuleme-c'-eodcine transformation, the isomerisation of i- and 
y-methylmorphimrthines, the production of methylmoiphol. 
morphenol, morphothebaine, etc., in the course of various degrad- 
ations. 

4. Thebcnine is regarded as owing its production from codcinom* 
and d -coileinone to a molecular rearrangement analogous to that 
of fsohonieol into eamphene. 

A conceivable alternative constitutional formula accommodating 
the condition mentioned in (2. r) is found to be not so satisfactory 
a summary of the chemistry of morphine ami its derivatives a; 
t hat which is adopt' d 
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S.-iiryv. r and L« <-, T., R»on, 77 , Ju24 ; l'.»o|, 79 , .ViA ; Lr«s niul Tulin. l'« 
iun.%, 22 . 2:.:;: Ues, l\, R. 07 , 23, 2oo ; r l'., 1 * 107 , 91. 14US: Knurr uid 
itflrl. in, /i* r.. l!io»i. 39, 440'»: l!)07. 40, :!7*;. 2o:i2. 3:141. Iss3, 4sS!>: lWN 
41. Jit * ; Knoii' arid Roth, />'</•., 1007. 40. Knurr, J l« hK - in , mid C ■ riitmif. 

//«/'., 11-07. 40. 3s 44 : A« li and Soinl.o.k, Ilrr.. I*»«»7. 40, 42ijl ; ' 

loos, 41. T-’; Kiiiin, Dull* r. and M"i!< in. Ahn>ilm. Limit, 368. Mf-J* 

Min fihtin tint, / Mi fi. fl.n '..nulU .’/<« . Id iinaux. ( 

Iss], 83. a 01 ; Il. sv, Am, Issl, 222. 2o:l ; Kimrr. /;o„ ]SM'. 22- ^ 
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Ivyi. 32, 1047. 2:570 ; Sehryv.-r and U-.-;, T.. 1901, 79, 303: Knurr stwl 
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Smiles, Ber., 1902, 35, 3009; Knorr and Hawthorne, ibid., p. 3010; Knurr, 
her., 1904, 37, 3494; Pschorr, Roth, and Tannhtiuser, Her., 1906, 39 , 19; 
Knorr and HOrlein, her., 1906, 39, 4412; Vongcriclxtcn and Hubner, Her., 
1907, 40, 2827; Knorr, Ildrlein, and Grimme, her., 1907, 40, 3814; Von- 
gerichten and Dmsdorff, her., 1907, 40, 4146; IVhorr, Hiekhiiusrr, and 
D’Avis, Ber 1911, 44, 2633; Knorr and Roth, her., 1911, 44, 2754; Pschorr 
and Diekhauscr, her., 1912, 45, 1570; IVhorr, her., 1912, 45, 2212. 

Morphol and Derivatives : Fischer and Vongcriehteii, her., 1886, 19, 792; 
Knorr, Ber., 1889, 22, 181, 1113; 1894, 27, 1144; Yong.nkhten, 

30, 2439; 1898, 31, 51, 2924, 3198; 1899, 32, 1521; 1900, 33, 352, 1824; 
IVhorr and Sumuieanu, her., 1900. 33, 1810; Knorr and IVhorr, her. 
1905, 38, 3172; Barger, T., 1918, 113, 218. 

Mat-phenol ami Derivatives : Vongerir hU n and SchrdUr-r. Her.. 1882. 15, 
1487; Vongcrichten, lhr.. 1897, 30. 2439; 1898, 31. 51. 3J98: 1899. 32. 
1521; 1900, 33, 352; 1901, 34. 2*22; IVIiojt and .Sumuieanu, her., 1900, 
33, 1810; Sehryvor and Lees, 1., 19ol. 79, 578; Vongcrichten and Dittmer, 
her., 1906. 39. 1718: iVbnrr, Zeidhr, Biekiuiuser. Treidel, and Koch, 
Attuakn, 1912. 391, 40. 

Oxidation of Codeine : Aeh and Knorr. Bn.. l:>s 33, :}»ir»7 ; Knorr and 
Schneider, her., 1906, 39. 1414; Knorr and HOrlein. her., 1906. 39, 3252; 
1907, 40, 2042; IVhorr and Kinbcek, her.. l!M>7, 40. 19so : IVhorr, Vog- 
therr, Kulitz, and Roth, her., 1906. 39, 3130. 

Degradation of Codt inane urn! C-Codf in>m* : Kim it, /;</•.. 19114. 37 . ;]50l ■ 
1903, 36, 3074; 1905, 38, 3171 ; lv.|,urr. Scid.4. and Stdhrer. Dr.. 

35, 44011; Yongerichton, Dr.. I9i»2. 35. 441o ; Knorr and HOrlein, Dr.. 
1907, 40, 2035, 2039, 3350; IVhorr and Busch. IU 19<>7. 40. 2001. 

*\io Morphine : Matthieson and Wriirht, .Innalm. IS7<i. Sapj.il. 7. 172; 
.Mayer, Her., 1871. 4. 121; Lichen . Masl» rirht i'ortvhr. ('hem.. ! - 7 L*'. 
755; Oberlin, J. hharm. ( him.. 1876, dv . 21, 89; IVhorr. Jaeek'c], and 
IVcIit, Ber., 1902, 35, 4377; IVhorr and Karo, lhr.. 1906, 39. 3124; 
IVhorr, her., 1907, 40. 1984; JVhnrr, KinUek, and Spangenberg. lhr., 
1907, 40, 1998; Pschorr and Busch, lhr.. I9n7, 40 . 2<*oi. 

Morphothdtaim: : Howard, Dr.. I.SS4. 17. 527; Freund anti Holthoff, 
Bcr., 1899, 32, 168; Knorr, lhr.. 1903. 36. 3074: Fmmd. Dr.. 1899. 32, 
l" ;} j KnoiT ai1 ^ Pschorr , her.. 1905. 38. 3153: IVhorr and Halle, jfJrr.! 
1907, 40, 2004; Pschorr and Rettbrrg. Anmd,,.. 1910. 373. 51; IVhorr 
and Knbillcr, Ammhn. 1911, 382, 50. 


Tltcbaol ; Freund and GobeL 
Michaels, her., 1897, 30, 1357; 
gcrichten, Ber., 1902, 35, 4410. 


Dr.. 1895. 28. 941; Freund. Gbful. and 
IV horr. Seidel, and Sbdnvr, loc. cil . ; Yon- 


Thebeninc : Freund and Michaels. Dr.. 1x97. 30. 1357 • Found and 
Holthoff. lhr.. I S»l*. 32. IBS, K,„,rr. lhr.. VMi. 3 6. 3«7-l : IVhorr »,»i 
.lassjicui, Ber., 1904. 37. 2780; Ivimir and IVhorr. Dr lpi>5 38 3153 ■ 
Knorr and HOrlein, Dr.. 1907, 40. 2u37; IVhorr. Imowou. and Rmberg! 
•Icift'nra, 1910. 373, 51 ; IVhorr and Zeidler. Ant, aim. lupi. 373, 75. 

°' f ■ rc>r[i 2' hl thrirul K'toms: Knorr an ! thiirleui. Dr.. 
19b, 40. 3349, 3353; Sehmd.ler, Mentation. Jena. \W0: Herrselunann. 
Ifisscrtatwn, Berlin, 1906. 


f-koxyoikine and fin Isomeric TytmLad rod. 
KtIcuu her.. 1907. 40. 376. 2032. 3352. 4 883; Knor 
9 (i| . 40. 3860; Gohlich, Arch, hharm. . 1S93. 231, 
91, 14118; Skita and Franck. Her.. 1911. 44 . 2862; 
Sclilesinger, Jir , ('hem.. 19*20. 'iij. 101. 1. 


• 5 7 ,,,,.- Knorr and 
r ami Wacniig. lhr.. 
235; L,es. T, 1907. 
1-V.uml. Mi 'liter, and 
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Further References to Reduction of the Alkaloids : Freund and Holthoff, 
Ber., 1S99, 32, 168; Pschorr, Pfaff, and Herrschmann, Ber., 1905, 38, 3160; 
Oldenburg, Ber., 1911, 44, 1829; Mannieh , Arch. Pharm., 191G, 254, 349; 
Monuich and Linvenheim, Arch. Pharm., 1920, 258, 295; Freund, Speyer, 
and Guttman, Ber., 1920, 53, [/?], 2250; Speyer and Siebort, Ber., 1921, 
54, [j 5], 1519; SUita, Xord, Reichert, and Stukart, ibid., p. 1560; Speyer, 
Selig, and Heil, Annalen, 1922. 430, 1. 

Codeinonc and derivatives from 1'hebaine : Iinorr and Horlein, Ber., 1906, 
39, 1409; Freund, Ber., 1900. 39. 844: Freund and Speyer, J. pr. Chan., 
1916, [ii], 94, 135 ; Munch Med. Woch., 1917, 64, 380. 

Ph enyld ih yd rot h eha inc : Fivniid, Ber., 1905, 38, 3234; Freund and Speyer, 
Ber.. 1916, 49, 1287. Thcbnizone : Pschorr and Fiubeck, Ber., 1907, 40, 
3652. i&oThcbainc : Cladamer, Z. atiync. Chcm., 1913, 26, 025; Chan. 
Zcntr., 1913, ii, 4, 2046; Klee, Arch. Pharm., 1914, 252. 211. Relation of 
morphine to other opium alkaloids: Robinson, T,, 1917, 111, 892. Pap-r$ 
in U'h ich morphine formula: are prop^undt d : Knorr, Ber., 1889, 22, 1113; 
1S9 ( £ 32, 742; 1903, 36, 3074; Knorr and Pschorr. Ber., 1903, 38, 3172; 
Knorr and HGrlcin, Ber., 1900. 39. 1114; 1907, 40, 2042, 3341; Pschorr, 
Jacekel, and Fccht, Ber., 1902, 35, 4377; Pschorr, B. r., 1905, 33, 3K0; 
Pschorr and Einlvck. Ber., 1907, 40, 3052; Pschorr, Dickhauser, and D’Avis, 
Ber., 1912, 45, 2212; Freund. Her., 1S97, 30, 1357; 1905, 38, 3234; Freund 
and Speyer, Ber., 1910. 49. 12S7; Vis. ./. pr. Cheat., 1893, [iil, 47, .5 s 4 ; 
Yongerichtcn, Ber., 19<'0. 33. 335; Hiudterer, pr. Client., 1907, hi], 76, 
428; von Braun, B r.. loll. 47, 2312; Fall is, Pharm. Pod, 1906, 39, 41)7; 

Pharm., 1917, 255. s '-»; Gadaiucr, loc. cit . ; Wicland and Kuppclmeior, 
.-lamifca, 1911, 382, 300. 

The above is not a complete list of the publications dealing with 
the chemistry of morphine and related alkaloids. 

United Colleui:, 

The University, St. Andrews. '.Rieclr,d, February 23 rd, 19237 


CXIII . — Thf Morjthita Troup. Tart 1 1 . Tlabninoiu, 
Thfbahwl , and Dihydratlubainoiu . 

By John Masson tit llanh and Robert Robinson. 

Tiiebainone is an isnmeride of codeine which was iirst prepared 
by Pschorr. Pfalr, and Hcn>chmann I!M)5, 38. 310*1) by the 

reduction of thebaine by means nf stannous chloride and hydro- 
chloric acid at 100' and suiiMMpc ntly by Knorr (ibaf., 3171) by the 
application of a similar method to mdcinniie. It is derived from 
eodeinone by the addition of two atoms of hydrogen, and tho 
general character ot the oilelance is readily deduced because the 
tertiary base is also a phenolic ketone, which has a pale yellow 
colour and dissolves in water to an inten.se yellow solution, whild 
in alkalis it yields an orange solution. These properties recall the 
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behaviour of salicylidcneacctophcnonc and there can be little doubt 
that thebainone is an a (s-un saturated ketone. 

Evidently the production of the substance from eodcinone involves 
the opening of the oxide ring by reduction and simultaneously the 
bridged system is broken with formation of an ethylene linkage. 
On the basis of the formulas proposed in the preceding communic- 
ation, eodcinone (I) could undergo this transformation in two con- 
ceivable directions and thebainone might have either of the 
structures II and TH. The - r - - signs in the eodcinone formula 
are intended to indicate an explanation of the redueibility of the 
oxide ring in this substance. 



Kuorr and Pschurr [Hn\. 1 1)0.1. 3S, 1)172) have, however, shown 
that methyltliehainonenirtiune may be degrad, ed to dimethyl- 
morphol, and consistently with the arguments advanced in Part I 
we must therefore prefer the constitution II, because III provides 
no explanation of the loss of the ethanamine chain in the course 
of the formation of the aromatic nucleus. When thebainone is 
reduced in aqueous solution by means of sodium amalgam, the 
orange colour of the liquid is gradually discharged and a dihydro- 
derivative is obtained. This substance was first prepared by 
Psehorr [he. ciL) and regarded by him as the secondary alcohol 
corresponding to thebainone and hence named tliokiino!. It was 
crystallised from methyl alcohol and melted at .‘0 — 51 ‘ : the crystals 
contained solvent of crystallisation, but were dried before analysis. 
We have had no diilieully in preparing this product, but by crystal- 
lisation from dry ether have also obtained pure thchainol in colour- 
loss prisms melting at 135 — 13(i\ .No proof of the secondary 
alcoholic character of thchainol was advanced by Psehorr, and the 
substance is in reality a ketone yielding a tunica rba zone melting 
at 21,»—216''. Thchainol is therefore derived from thebainone by 
addition of two hydrogen atoms to the double bond and should 
have the constitution IV. An isnmeriue of thchainol has been 
prepared by Freund, Speyer, and (iuttmann [Her., 1920, 53, [B], 

31 m* 2 
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2250) and in a purer condition by Skita, Kord, Reichert, and Stukait 
( Bcr 1921, 54, [R], 1560) by the reduction of thebaine in acetic acid 
solution by hydrogen in presence of palladium or platinum. This 
ketone melts at 137-138°, but it is hvvorotatory, whereas thcbainol 
is dextrorotatory. Its scmicarbazunc melts at 225 — 226°, and a 
mixture with thehainol semiearbazone at about 205°. The two 
substances are quite distinct. The compound has unfortunately 
been called dihydrothebainone, although its relation to thebainone 
lias never been proved in any way and in our opinion is non-existent. 
We propose, however, to retain for the present the misnomers 
thehainol and dihydrothebainone in order to avoid confusion, 1ml 
at some later stage it may be desirable to replace the name thehainol 
by dihydrothebainone and dihydrothebainone by dibydroi-w- 
thebainone. Dihydrothebainone is a tertiary basic, phenolic 
ketone. The phenolic hydroxyl must be at 4 and the carbonyl 
group at 6, so that the isomerism with thehainol can only he ex- 
plained by the assumption that the bridged system has been broken 
down in each of the two conceivable directions and diliydro- 
thebainone must have the constitution V. The possibility that 
thehainol and dihydrothebainone arc stereoisoiueriiles has not been 
overlooked, but the hypothesis does not appear to offer any con- 
sistent explanation of the facts. 



This ea.'C of ixiin'TiMi! would be inexplicable if codeine conUinui 
one and thebaine two double bonds and the relation ot thebainel 
to dihydrothebainone is quite analogous to that existing between 
the two tetrahvdrndeoxycodeines (Part 1., p. 9S3). The former tvn 
substances are, in fact, H-ketn-dcrivalives of the latter two. in tin 
reduction of thebaine to dihydrothebainone it lias been shown that 
an intermediate product is a dihydrothebaine (in. p. lb- 
which is not phenolic and in accordance with our view of the natuR 
of dihydrothebainone and of ihrhainr is to be represented In tbi 
formuia Vf. This dihydrothebaine yields on hydrolysis a <1ib> dn> 
codeinone (VII) crystallising in columns melting at 197--19S ana 
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forming an oxime decomposing at 2f54°. Mannich and Lowenheim 
(Arch. Pharm., 1920, 258, 295) have apparently obtained the same 
substance (prisms, m. p. 193—194°; oxime, m. p. 266°) by the 
reduction of codeinone with hydrogen in presence of palladium. 
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On further reduction by CJemmensen's method, this diliydro- 
oodeinone yields a tctrahydiodeuxvcodoine tin- description of which 
bv Mannich and Ixnvenhcim does not <juite coincide with that of 
cither the a- or ^tetrahydrodeoxycodeinc by Kreund. Melber. and 
Sehlcsinger (,/. pr. Chew,. 1920. [iij. 101. 1). Clearly, a direct 
comparison would allow of the determination of the relation of the 
a- and p-isomeridoK to thcbainol and di hydro thebai none and so 
provide interesting information in regard to the direction of scission 
of the ring system under various conditions. The structural 
distinction between thcbainol and dihydrothebainone is further of 
interest in connexion with the constitution of codeinone. 

Although it is usually assumed that the relation of codeinone to 
codeine is that of ketone to secondary alcohol, there is no satis- 
factory proof of this, Aeh ami Knorr (IPr.. 19H3. 36. 3067). in the 
introduction to their paper, state that codeinone may be reduced 
to codeine, but no experimental detail* have been published and, 
as mentioned above, catalytic reduction produces a new ketone, 
dihydrocodcinonc. Further it is stated in some text-books that 
codeinone undergoes the liaison condensation and therefore must 
contain the group “CH./CO-. But definite bonzylidenc and 
isonitroso-derivatives have only been obtained from codeinone, 
and our experiments have convinced us that codeinone, probably 
because of its instability in presence of acids or alkalis, docs not 
yield similar compounds. The sole evidence that codeinone con- 
tains a reactive methylene group is furnished by the formation 
of azo-derivatives, hut this i> not decisive because the azo-compound 
might be of the form Ar-XVC'CO” instead of Ar-XVCH-CO 
or Ar-Nj-C C(OH)-. In order to make this test a more stringent 
one, we have examined the behaviour of the azo- com pounds on 
treatment with alkali. Comparison of a large number of eases shows 
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that if there is a mobile hydrogen atom in the p-nitrobenzeneazo- 
dgriva lives especially, as, for example, in those obtained by coupling 
with phenols or ketones containing the group -CH./CO, an intense 
coloration is developed on the addition of potassium hydroxide to 
an alcoholic solution. No such colour is obtained by similar 
treatment of ethers of the nitrobonzeneazophcnols or other p-nitro- 
benzencazo -compounds not containing a mobile hydrogen atom in 
the system. The results show that eodeinonc forms azo-derivatives 
capable of passing into more intensely coloured modifications in 
presence of alcoholic potassium hydroxide and therefore the 
substance must contain tlic group -CH 2 ~CO-. Apart from these 
observations, the quite possible alternative is that eodeinonc is 
unsaturated and not related in a simple manner to codeine. But in 
that case codeinone would clearly have the same carbon skeleton 
as thebainonc, into which it passes by reduction. We should tliu> 
have the following related series all having the same carbon skeleton : 
thebainol, thebainonc, codeinone, dihydrocodeinone, dihvdrothe- 
baine, dihydrothebainone. If the view that thebainol and dihydro- 
thebainone are structural isomerides is just died, it follows that 
codeinone cannot be an unsaturated ketone, but must contain the 
same alievelio bridge as codeine. Inspection of the fornuihr 
suggested for thebainonc (II), thebainol (IV), and dihydrothebainone 
(V) shows that the first contains the group -CH a "CO- and the latter 
two the group -(‘HLrCCH’H*-. It appeared to he of great import- 
ance to confirm these* deductions, because the occurrence of such a 
structure in hoth thebainol and dihydrothebainone would ho 
inconsistent with a morphine formula in which the cthanaimne 
chain is attached to 5, as in the Knorr formula or the dieyelic 
nioditieation of this due to Freund ami Speyer. Knorr and Hdrloin 
{Bar., 1907, 40. 3341*) state that Henschmann (hiwrtatioii. Berlin. 
1906) had found that benzaldehyde condenses with thebainonc. but 
no further publication has been made A\e have now r prepared and 
analysed benzylidenethebaimme and piperonylidenc thebainnne and 
a methylonedioxvquinoline derivative obtained by condensation d 
thebainonc with G-aminopinemnal (Killiet and Kroitmann. lbk 
('him. Acta , 1921, 4. ."S\). Bip- ronylidem tliebainone :> an 
amorphous, pale yellow powder which exhibits the topical h<nu 
chromy of a monopiperonylidcne-a's-unsalurated ketone. It A"" 
a reddish-purple solution in concentrated sulphuric acid closely 
resembling that given by benzylidencpi|HTonvlidcnoacetniu‘. hut not 
so blue as the solution of dipipcrnnylidcncacetone in sulphuric acid. 
The condensation of thebainol with piprrnnal in alcoholic >o\uW' 
containing sodium ethoxide was followed by observing the hah' 
chromy of the pmdurt. Apparently a monopipcronylkkm’ 
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derivative was quickly produced and this gave a red colour in 
concentrated hydrochloric acid and thus resembled a monopiper- 
onylidene saturated ketone. On prolonged treatment, the solution 
became bluer and ultimately a product was isolated, a yellow 
amorphous powder, which appears to be dipipcronylidenethebainol 
with 2H 2 0. This substance dissolves in hydrochloric acid to a 
pure blue solution which becomes green and then yellow on dilution 
with water. Dipipcronylidenethebainol methyl ether and di- 
pjpcronylidenedihydrothebainone niethvl ether have also been 
prepared, but could not be crystallised. They exhibit the typical 
behaviour of dipiperonylidenc-eyc/o-ketones. The amorphous 
character of these substances is doubtless due to the fact that they 
are mixtures of storeoisomeridcs anti it may be recalled that Haber 
has shown that the condensation of piperonal and acetone leads to 
both cis- and /ra.^-piperonylidencacetono.s (Ber.. 1891. 24. 617). 
We arc at. present engaged in experiments designed to overcome this 
difficulty , but in the meantime there can be little doubt but that 
both thebainol and d i hydro! he bai none contain the group 
-IH 2 -C0-CH 2 - If this is so, the ethanamine chain cannot be 
attached to 5 and thebenine must owe its formation from codcinone 
to molecular rearrangement a^ suggested in the preceding com* 
munication. 

K x r >; r i m k x t a l. 

A oi e on fh r Prtfjamhon of Thfbainotu. 

As mentioned by Psehorr {Joe. at.), exceedingly troublesome 
emulsions are formed during the extraction of the base with chloro- 
form, and the following slight modification avoids this difficulty 
without affecting the yield. 1 hcliaine. stannous chloride, and hydro- 
chloric acid in the proportions recommended by Psehorr were placed 
in a wide bomb tube closed by a tightly fitting rubber stopper, kept 
in position by wires. This was immersed during twenty minutes in 
boiling water and at the end of this period rapidly cooled by the 
addition of cold water to the hath. The mixture was then added 
to S00 c.e. of water, well shaken, and treated with aqueous sodium 
hydroxide {10 per cent.) until a permanent niilkimss was produced 
and the solution was very faintly acid to Congo-red. There is no 
difficulty in gauging this point, because the thebaiuone is itself an 
indicator, and if too much alkali has been added the colour changes 
rom yellow to orange-red. Neutralisation was then completed by 
means of successive small amounts of sodium bicarbonate and the 
precipitate allowed to settle over-night. The clear orange solution 
was decanted, treated twice with animal charcoal filtered, and 
extracted by gently shaking with chloroform. Two extractions 
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removed the whole of the thebaiuone, which was purified in the 
manner described hy Pschorr. 



Ht nvjlhh ncth-hahionr, CHPh!C CH . 

CO ('H 

CH 

A solution of thebaiuone (1 gram), benzaldehyde (1*2 grains; 
I! mols.), and potassium hydroxide (O-d gram, dissolved in tin* 
minimum of water) in ethyl alcohol (10 c.c.) was boiled during two 
horn's under rellux. The colour of the solution rapidly changed 
from light red to crimson. After the addition of water (UK) e.e.). 
the liquid was just acidified with dilute hydrochloric acid and 
thoroughly extracted with ether in order to remove benzaldehyde. 
The orange-red solution was freed from ether hy means of a 
current of air, neutralised hy sodium carbonate, and the yellow 
precipitate collected, washed with water, and dried in a vacuum 
over sulphuric acid. The yield was 00 per cent, of that theoretic allv 
possible. The substance is very readily soluble in most organic- 
solvents and could not be crystallised. It was purified by preci- 
pitation from benzene solution with light petroleum and obtained 
as a yellow powder which softened at 114 and melted at i20 -h’T 
(Found: V - ■-77*3: H - H-S. (^.ILdbX requires (’ 77*.i. 

H *rX per cent). The solutions of tin- substance in concent rated 
hydrochloric acid and sulphuric acid are deep red and In-conn- 
velitsw on dilution with waU r. 'fin* pit-rate crystallises from alcohol 
in radiation eln.-ters of short nr»*dlev It melts with decomposition 
at l!?4 after daikenino at ltd . The im-thiodide crystallises from 
ethyl acetate in yellow, tubular columns which melt indetinitrly. 

I K-uiim imr at IP." . 


!‘f f)f i*o/. ;fh'lf *■( I h< 1/tlinftn.t . 

This Mile'ance was prepared in the same way as the benzylideiit- 
d'*i*ivaliv( . replacing the hcu/.aldcliydc hv pipcronal ( 1 d> gram.'! 
The bright yellow powder whieh separated mi the addition • *f liirlit 
petroleum in a In *n/.< an* Mibitinii of the derivative Miftciis at II s 
and melt- at 12s - -KJO (bound: (* 72*4; H (>*2. C^.lT-d-N 
require. • ( ' 7—- 4 ; H .Vs per eent ,). Tin- solution in eomvutraioi 
hydrochloric or sulphuric acid is intense reddish-purple and become* 
pa'.e yellow mi dibit i> oi will: water. ( Vystalline derivatives (otild 
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not bo obtained. Piperonylidencthcbainone was reduced in 5 per 
cent, acetic acid solution by means of hydrogen in presence of 
palladium. The colourless solution gave no coloration with con- 
centrated hydrochloric acid, but still gave an orange solution on the 
addition of sodium hydroxide. The product was therefore in all 
probability homopiperonylthebainonc. The whole was rendered 
alkaline and reduced by means of sodium amalgam until the orange 
colour disappeared. The liquid was then just acidified with acetic 
acid, rendered alkaline by the addition of ammonia, and the 
colourless, sticky precipitate taken up in ether. After removal of 
the solvent, a colourless oil remained and this could not he crystal- 
lised. It gives coloured solutions neither in strong acids nor in 
dilute alkali, and is probably essentially hoiiiopipcrunylthebainui. 
On condensation with pipcroual in the usual manner, a yellow 
product was obtained and this gave a deep red solution in con- 
centrated hydrochloric or sulphuric acid and is probably piperonyl- 
ideriehomopiperonylthehainol. The series of reactions confirms the 
view that piperonylidenethebainone contains the group 

/ )i(t r, hjd in o pijn w nnlth '■ bn < a our Jj ifojdroh rom idt . 

A solution of sodium ethoxide (0-o gram Xa) in alcohol (10 c.o.) 
was added to thebainone (H grams) and O-aminopiperonal (0-0 
gram) dissolved in alcohol (10 o.e.), and the mixture boiled under 
reflux during six hours. The red solution was added to water 
(200 c.c.) and after filtration the phenolic base was precipitated bv 
means of carbon dioxide. The yellow substance which separated dis- 
solved as the passage of the gas was continued, but was redeposited 
on standing over-night exposed to the air. The precipitate was 
collected and dried (H) gram). All attempts to crystallise this 
quinoline derivative wen* unsuccessful, hut a crystalline hydro- 
bromide was obtained by the addition of concentrated hydrohromic 
add to a solution of the base in a little acetic acid. The salt was 
crystallised from dilute aqueous hydrohromic acid and dried in a 
vacuum over sulphuric acid (Found : Br 2.V2 : loss at 1;>0 S •“>. 

t o(;II 2 i0 4 \ 2 ,2H l?r,3H 2 () requires Br — 24-SI; H»() *4 per cent.). 

Uic glistening, orange-yellow, rectangular plates decompose at 
-:S - 2IJ0 and dissolve in sulphuric acid to a solution which exhibits 
bright emerald-green iluoreseenec. 


7 fit I hi mol a a d t f* Sr m i enrbazon < . 


Tin 

which 


s su 'Stance was prepared by the method of Pschorr {loc. cit.). 
depends on the reduction of thebainone by means of sodium 
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amalgam. The product, crystallised from methyl alcohol, melted 
at 50 — 54°, but long standing of a 10 per cent, dry ethereal solution 
provided a small crop of colourless prisms which were used to seed 
an approximately 20 per cent, solution in the same solvent. The 
well-formed, rectangular prisms melted at 135 — 136° (Found : 

C — 71*6; H = 7*5. requires C= 71*8; H = 7*6 

per cent.). Thebainol is one of the few morphine derivatives which, 
like deoxycodeine, are dextrorotatory. In ethyl alcohol, c — 8*71, 
l z= 0-5 dcm., a = + 2*92°; whence [a];? = -j- 67-05°. In 5 per 
cent, acetic acid, c = 2-368, l — 2*0 dcm., a — -f- 1-58°; whence 
[a]if -= + 33-07°. 

On crystallisation of the product, m. p. 135 — 136°, from methyl 
alcohol, the melting point was again found to be 50 — 54°, but the 
substance resolidified and melted finally at about 135°. When the 
substance was mixed with dihydrothebainone (Freund, Speyer, and 
Guttmanivs preparation), the melting point was depressed to 110°. 
Thebainol is readily soluble in dilute aqueous sodium hydroxide, 
but with a concentrated solution yields a precipitate of a colourless, 
crystalline sodium derivative. 

T hzbu i n ohe m icarba zosi c was prepared in dilute acetic; acid solution 
by the action of an excess of semiearbazide hydrochloride and 
sodium acetate. The mixture was warmed to S0°, then allowed 
to cool and, after five minutes, the solution was neutralised by 
sodium carbonate. The precipitate was collected and the derivative 
crystallised from aqueous alcohol and then from a mixture of ethyl 
alcohol and ethyl acetate. An identical product was obtained 
from pure thebainol. m. p. 135 — 136 , and from the original 
material having the properties recorded by Vschorr (hound: 
X = 15-8. ( < 1 (j H 20 O 3 X 1 requires N • 15-6 per cent.). Rapid 

cooling of a solution in ethyl alcohol and ethyl acetate causes the 
separation of a cloud of globules which are so small that they may 
only be discerned under the higher powers of the microscope. Slow 
cooling produces froud-like bundles of slender needles and if crystal- 
lisation is very slow twinned prismatic needles are obtained. The 
substance melts at 215—216 as ordinarily prepared. After drying 
during four hours at 100 under LllO mm., there was no perceptible 
loss of weight, but the melting point rose to 217- ■•218''. A mixture 
of thebainolsemicarbazone and dihydrotliebainoneseinicarbazone 
(m. p. 225 — 226°) melted at about 2M5\ 

Thebainol Melhioflitb .- - This derivative was obtained very 
readilv by gently warming an alcoholic solution of thebainol and 
methyl iodide and allowing to remain during an hour. I he addition 
of ether precipitated the substance in an amorphous condition and 
crystals were first obtained by the careful addition of ethyl acetate 
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to a solution in methyl alcohol. The crude product was then 
dissolved in methyl alcohol and addition of a crystal to the hot 
solution induced the crystallisation of most of the salt, which when 
pure is sparingly soluble in methyl alcohol. The substance was 
recrystallised from ethyl alcohol and obtained in colourless columns 
melting at 243° with decomposition [Found : I — 28*o, 28*9 (by 
titration). 0 ]9 H 26 0 3 N1 requires 1 — 28*6 per cent.]. The salt is 
dextrorotatory in aqueous solution : c = 2-001, l ~ 0-5 dcm., 
a - -f- 0-48°; whence — -f 40*00°. 

Dihyd rolhcba i non ewmicarbazone. 

In the preparation of dihydrolhebainone from thebaine it was 
observed that the mother-liquors deposited a small crop of crystals 
which, after reerystal lisa t ion from alcohol, were colourless, prismatic 
tablets melting at 219 J and at the same temperature when mixed 
with pure cryptopine. Evidently cryptopine occurs as an impurity 
in thebaine, but cannot be detected by the characteristic reaction 
with sulphuric acid because the colour is masked by the deep orange 
due to Ihebaino itself. The specimen of thebaine employed began 
to melt at 188 3 , whereas pure thebaine melts at 193 \ On one 
occasion, the palladium catalyst was incllicient and the main 
product of the reduction was di hydro thebaine. m. p. 16.5°. The 
substance crystallised from methyl alcohol in rectangular prisms 
and was proved to be identical with the dihy drothebainc , m. p. 
162—103°, of Freund, Speyer, and (hiUmann (/oc. cif.) because it 
yielded dibydroeodeinone. m. p. 197 — 198 : , on hydrolysis with 
eun cent rated hvdroehlorie acid. hihudnAin.hai nonf^.inicarbazoiu 
was prepared in the maimer prescribed above for thebainolsemi- 
earbazone. It crystallises from aqueous alcohol in colourless, 
elongated prisms melting at 224- 225 . The substance, dried in 
a vacuum over sulphuric acid, lost 9-6 j>er cent, at 110 — 11 A and 
then melted at 22(i 227 {Found, in anhydrous substance: X — 
15*7. ('jyf-EgO^Xj^lLO requires H.,0 .-9*1: ( VjH 2fi 0 3 X 4 requires 
N 1.5*6 per cent.). 

hi pi p( runyluh ih bn inn!. 

A solution of thehainol (1 gram), piperunal (2 grams), and 
potassium hydroxide (0\5 grant) in ethyl alcohol (10 e.c.) was 
boiled under reflux. The yellow colour rapidly changed to red 
and a sample withdrawn after twenty minutes gave a bright red 
solution in concentrated hydrochloric acid. After two hours, 
the base was isolated exactly as described above in the ease of 
bcnzylidenetliebainone. The yellow powder gave a purple colour 
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with concentrated hydrochloric acid. It was noticed, however, 
that the initial treatment with dilute hydrochloric acid failed to 
dissolve a small quantity of brown material, which gave a bright 
blue colour with concentrated hydrochloric acid. It .seemed 
probable, therefore, that thebainol condenses readily with one 
molecule of piperonal and forms a dipiperonylidene derivative with 
much greater difficulty. The product was accordingly dissolved 
in ethyl alcohol (10 c.e.) and, after the addition of piperonal (2 grams) 
and potassium hydroxide (0\“> gram, dissolved in a little water), the 
mixture was boiled during twenty hours. The colour in eon- 
eentrated hydrochloric acid gradually changed from reddish, 
purple to pure blue and at the end of the period mentioned the dark 
red solution was added to water (Lfrfi c.e.) and carefully acidified 
with ice-cold dilute hydrochloric acid. The roddish-hrown tar was 
collected on a glass rod, well washed with ether, and dissolved in 
acetic acid. On dilution with water, a precipitate was obtained and. 
after neutralisation of the acid present, this was collected, dried, 
and the substance purified by repeated precipitation from chloro- 
form solution by means of light petroleum. The orange-yellow 
powder could not be crystallised and was dried in a vacuum 
over sulphuric acid (Found: C~-()74; H -0-0: X *- 24. 
C 34 H 31 0 7 Xj2H.,0 requires C 07*9: H — 5*8: X — 24 per cent.). 
The substance dissolved in concentrated sulphuric acid to a purple 
solution and in concentrated hydrochloric acid to a do<p pure blue 
solution which became green and then pale greenish-yellow on 
dilution with water. The substance is readily soluble in acetone, 
chloroform, ethyl acetate, or alcohol, sparingly soluble in benzene, 
and almost insoluble in ether or light petroleum. The condensation 
of dihyrlrothebainone with piperonal was also carried out with similar 
results. 

f)ip\}iCro)‘yU<U' n<- Ikrivatice.i of Thebainol Methyl Ether and 
f } i h yd roth <? ha i /. out M dh >/! AY her. 

Methylation of thebainol and dihvdrothebainone was effected 
by means of diazomethane, which was prepared by the method of 
Werner (T\, 1919, 115. 1098) from nitrosomethylurea. The 
decanted ethereal solution of the reagent was found to be unsuitable 
for use in these examples and was distilled. Moreover, methylation 
did not proceed in ether alone and it was found necessary to add 
the solution of diazomethane {(> niois.) to a U> per cent, solution of 
the phenolic base in pure ethyl alcohol. Tin- use of /.soamyl ether 
was not advantageous. After allowing to remain at the ordinary 
temperature during twenty-four hours, during which time bubbles 
of nitrogen were evolved, the solvent was removed by distillation 
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and the oily residue triturated with dilute sodium hydroxide to 
separate any unchanged material. The oil was then taken up in 
ether and the solution washed, dried, and evaporated. The pale 
yellow, viscid residue, consisting either of thcbainel methyl ether 
or of dihydrothebainone methyl ether, could not be crystallised. 
Thebainol methyl other exhibited a curious behaviour on standing. 
Although completely soluble in ether when first prepared, some 
process of auto-condensation or oxidation occurred and when treated 
with the solvent there was a flocculent residue. After evaporation of 
the filtered solution and allowing to remain for a further period, 
more of this insoluble material was produced ; the process was repeated 
live times with the same result and apparently would proceed 
indefinitely. The average yield of the methyl ethers was 60 per 
cent, of that theoretically possible. 

Methyllhcbainol uiclh iodide was obtained by the addition of a 
little more than one molecular proportion of methyl iodide to a 
solution of the ether in et hyl acetate. The precipitated oil solidified 
on rubbing with ether and acetone, and the substance crystallised 
from methyl alcohol in irregular prisms which melted at about 
24.V with decomposition (Found, in material dried at 100° in a 
vacuum: 1 - 27*8 (by titration). Cgoil^U^NI requires 1 = 27*8 
per cent.]. 

}!ilhyldihjdroth< h<iino<;< m> Ihiodid* separated in clusters of 
boat-shaped crystals when methyl iodide was added to a solution 
of the base in el hyl acetate. The derivative was recrystallised 
from methyl alcohol and obtained in diamond-shaped prisms which 
darkened slightly at 2n7 — 2r>8 ( Found, in material dried at 100° in 
a vacuum: 1 — 27*8, 27*7 (by titration). t\, 0 H 28 O 3 Xf requires 
1 — 27*8 per cent. {. 

The condensation of thebainol methyl ether and of dihydro- 
thebamonr methyl ether with pipernnal gave identical results. 
The base (1-6 grams) and pipernnal (3*1 grams) were dissolved in 
ethyl alcohol (25 c.e.) and after the addition of a solution of sodium 
ethoxide ((IT) gram of sodium in 10 c.e. of alcohol) the mixture was 
boiled under reflux during twelve hours. A further quantity of 
pipernnal (1T> grains) was then added and the boiling continued 
during twelve hours. The dark red liquid wa* poured into moderately 
concentrated brine, and the reddish-brown precipitate collected, 
washed, and dried. After a preliminary purification by precipita- 
tion from a filtered chloroform solution by means of light petroleum, 
the y<*llnw powder was dissolved in a large volume of hot alcohol, 
the solution treated with animal charcoal, filtered, and concen- 
trated. The compound separated in microscopic, transparent, 
yellow globules and in a similar condition from ethyl acetate. 
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The derivative from methylthebainol softened at 149° and began 
to melt at 156° ; that from melliyldihydrothebainone softened at 
160° and began to melt at 160°. for analysis, the substances, which 
tend to retain water to a marked degree, were dried at 110° (Found : 
for dipiperonylidoncmethylthebainol, C — 71-2, 71-5; H = 5 * 5 , 5 . 7 : 
for dipiperonylidenemethyidihydrothebainone, C — 71*9 ; H = 6-1 : 
N — 24. C 35 H 33 O 7 X, 0 * 5 H 2 O requires C = 714; H — 5*8; N ~ - 

2*3 per cent.). The colour reactions of the two compounds arc 
identical. In sulphuric acid, a rich purple solution is produced, 
and addition of hydrochloric acid to a solution in glacial acetic acid 
develops an intense green coloration, which is also obtained from 
dipiperonylidcnctropinonc under similar conditions. 

Interaction of Bromoeodeinone and Hydrogen Iodide. 

A solution of bromoeodeinone hydrobromide (0-12.70 gram) in 
ethyl alcohol (20 c.c.) and water (20 e.c.) was freed from air bv 
boiling and passing a current of carbon dioxide. Potassium iodide 
(1*0 gram) was then added, and after cooling to 40 3 air-free 2.V- 
hydrochloric acid ( 1 U c.c.) was introduced and the mixture 
maintained at 45 a in the neutral atmosphere during three and a 
half hours. The free mineral acid in the cooled solution was 
neutralised by the addition of potassium acetate, and the iodine 
set free in the reaction required 10*2 c.c. of 0*0252 A'-sodiu in thio- 
sulphate. Hence one molecule of bromoeodeinone hydrobromide 
liberates 0*97 atom of iodine. This is half the amount anticipated 
on the assumption that the process is a straightforward reduction 
to codeinone, but this substance, if formed, would be converted in 
the acid solution into t lichen ine to some extent and loss of halogen 
as the result of substitution in this phenol is a natural consequence. 
On the other hand, the* reaction may follow an abnormal course 
such that one molecule of iodine is produced from two molecules of 
bromoeodeinone. An experiment was carried out under the con- 
ditions described above but without bmnioeeidemone hydrnhmmido 
and no trace of iodine was liberated. 


Coupling of Cod* hioi. r tnth ht>r w om nm Saltn. 

The diazoniuri' salt in aqueous solution in presmre of excess i>f 
sodium acetate was added to an alcoholic solution of codeinene: 
subsequently alcoholic puta.-sium hydroxide was introduced. Wry 
dilute solutions were employed and under similar conditions oodcim- 
gave either no coloration or very pub- shades unchanged in tone by 
the addition of alkali. 
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Base. 

Colour produced. 

After addition of KOH, 

jj/foluidino 

Yellow 

Orange -red 

p. Phene tidino 

Yellow 

Yellowish- brown 

Cresidine 

Yellow 

Brownish -red 

(j-Nitroaniline 

Yellow 

Pnrpliah-brown 

/rt-Nitroanilino 

Yellow 

Reddish- brow*n 

p-Nitroaniline 

Orange -yellow 

lteddish -violet 

p-Xitro-o-toluidine 

Yellow 

Brown ish -oran ge 

Xitro cresidine 

Brown 

Brownish- violet 

Picramio acid 

Orange-yellow 

Deep brown 

2 : 4-Dinitroon-toluidine 

Lemon-yellow 

Brownish -red lending In violet 

p. Amino ben zoic acid 

Palo yellow 

Red 

Armnosulphosalicylie acid 

(j reenish -yellow 

Red dish - orange 

Aminoazobcnzeno 

Bed 

Dark brown 

a -Naph thylam ino 

Orange-brown 

Brownish-red 

Kaphthionic acid 

Orange 

Crimson 

Tolidine 

Orange- red 

More intense 

Uianisidine 

Bluish-red 

More intense 

Piaminoveratioup 

Orange- brown 

Beddish-brown 


Attempts to condense oodemonc ivitfi benzaldehyde, anisaldehyde, 
piperonal, and nitrosodimothylanilinc in tho presence of various 
catalysts and under a variety of conditions were fruitless. 


One of us (J. M. G.) desires to express his thanks to tiie Carnegie 
Trust for a scholarship which has enabled him to take part in this 
investigation. 

Chemistry Research Laboratory, 

The United Collece of St. Salvator and St. Leonard, 

The University, St. Andrews. [F.'-.loyl, February 23rd, 1923.] 


(.‘XIV. — Btnzbisihiazok -s. Purl III. 

Hy Stephen Hath hone lloi. hen Huge. 

The result indicated by the work described in the two papers 
already published (T.. 1B22, 121, “72; tliis vol.. p. 1.73), namely, 
tlmt the main oxidation pruduei i>f dithioacctyi-M-plumylcnodianiinc 
in alkaline solution is 2 ; b-diniethylbenzlusthiazole ( 1 }. a symmetrical 
three-ring structure, rather than the unsymmcrrU al 2 : 7-dimethyl- 
benzwobistbiazole (II), has been criticised beeau.se so many of the 
methods fur making three-ring structures yield only the u asym- 
metrical form, or yield that form much more easily than the other, 
li is a well-known fact that u hen a 3-side chain in a naphthalene mole- 
cule closes up to form a third ring it closes in the 3-position, and that 
substitution in the 3-position prevents the ring formation. Also 
m the synthesis of phenanthrolines from the phenylenediamines 
by the Skraup method, a synthesis having some analogy to the 
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method used in the present work, only the unsymmctrical forms 
are produced (Skraup and Vortniann, Monafsh., 1882, 3, 571; 
1883, 4, 574). Hence it seemed worth while to settle the point 
as to whether the method employed for making the benzbisthiazolcs 
would yield a symmetrical three-ring structure easily or not. Pure 
2 : 6-dinitrotolucne formed a convenient starting point. "Phis 
was reduced and the resulting diamine acetylated. A diacetyl 
derivative having all the properties described by Green (T., 18!)1, 
59, 1017), especially the interesting sublimation near the melling 
point, was obtained. An error appears to have crept in concerning 
the melting point of this compound, as it was found to melt just 
100° higher than the figure given in the above reference. The con- 
version of this diacetvl-2 : 6-diaminotoluene, through the corre- 
sponding dithioacctyl derivative, into 2:4: 0-trimcthylheuz- 
bisthiazole (III) was accomplished with remarkable case. The 
contrast between the ease of this preparation and the difficulty of 
the preparation of the unsymmctrical 2:4: 7-trimethylbenzjV 
bisthiazolc (IV) described in Pait II is very marked. This l>j>. 
thiazole, like the 2 : O-dimethylbenzbisthiazole previously described, 
is strictly a monnacid base oniy. No evidence whatever rtf the 
existence of diaeul salts, or a dimelhiodidc, was obtained. This favt 
completes the proof of the symmetrical structure of tin* previously 
prepared 2 : 6-dimethylbenzbisthiazole, and shows that in the ease 
of this particular synthesis of a three-ring structure the symmetrical 
form is more easily produced than the unsymmetrical. 

The way in which the power of the nitrogen atoms to hmma 
(pi inque valent varies with the arrangement of the two thiazole 
rings in the molecule is receiving careful attention and will be 
referred to again in a later communication. 
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[SS4, 17, 1960), was modified in that, after precipitation of the tin, 
the solution was evaporated to dryness on a water- bath, and excess 
nf concentrated caustic soda solution added. The diamine was 
precipitated as an oil, which solidified as a cake on the surface. 
It was removed, and the remaining alkaline solution extracted 
with ether. The whole yield was dissolved in ether, the ethereal 
solution dried with sodium sulphate, and the ether evaporated. 
The resulting solid diamine was aeetylated directly with acetic 
anhydride. The reaction was vigorous, and, after adding excess 
of the anhydride, thr mixture was poured into water, and the white, 
crystalline precipitate filtered off and dried. Yield 24 grams 
from 40 grams of 2 : 6-dinitrotolucne, The melting point was 
found to be 302--- 303° and to be unchanged after sublimation. 

ihthioaaAjfl- 2 : (i-tolyb tied ia mine -- Following exactly the method 
as previously given, the crude thioacetyl derivative was obtained 
as a light brown powder. Yield 38 grams. After several crystal- 
lisations from alcohol, the melting point became constant at *275°. 
Xo eutectic mixture of the di- and mono-thioacetyl derivatives 
was found in this case, nor was it found possible to isolate the 
monothioaeetyl derivative (Found: S - 20*55; X— 12*11. 
^ iiH requires S - 26*90; X - 11*77 per cent.). 

2:4; t)-Trin<r?ht/! hr ><:!»*( hi azoic (10). -Fifteen grams of the 
mule dithioaeetyl-2 : 0-lolylenediamine were dissolved in 750 c.c. 
of water containing 50 *7 grains of caustic soda, and the mixture 
was poured into a solution of 10ft grains of potassium ferrocyanide 
in 1050 c.c. of water. A precipitate of the bisthiazole formed 
almost immediately. After standing one day. this was filtered off 
It was purified by dissolving in concentrated hydrochloric acid, 
diluting, filtering, and reprecipitating with caustic soda. The 
product crystal list'd readily from alcohol in dull pale yellow crystals, 
m. j). 185- ISO . \ield 0 grains. This comjioiind can be 
distilled under reduced pressure with slight deeom position only; 
lM>. 2S0 40 mill. (Found; S 27*24; 50-50; H - 4 ■<)(>. 

( ’ n H] 0 X,S, requires S 27*35: (’ - 56*41 ; H . 4*27 per cent.). 

2:4: (hijlix ;, Jiisihiir.oh Mtihitxlhh . -On Ik ai mg a 

weighed quantity of the hUthiazolc in a sealed tube with excess of 
methyl iodide at 100 fur a long time, the product was a viscous 
mass, containing crystalline matter, which increased in amount 
^lowly on prolonged heating. The experiment was repeated, 
heating at 15(V being continued for six hours. The product was 
entirely crystalline, consisting of small, brown, needle like er\Mals. 

I tn ll>:lvl, U r a current of air until the weight Uranic constant, 
the increase was found to be just less than that inquired for the 
monmnetliiodide. On crystallising from a small quantity of water. 
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or from rather more alcohol, nearly white, needle-shaped crystals 
resulted. These melt sharply at 211° if heated quickly, but begin 
to decompose and melt at 203—205° if heated slowly (Found: 
I ^ 32-82. requires I 32-7S jier cent.). 

King’s College, 

Stkand, W.C. 2. [Received, Match 2 Oik, 1923.] 


C XV . — The Energy of Adi ration in Heteroge.neous 
Gas Reactions with Relation to the Thermal 
Decomposition of Formic Acid Vapour . 

By Cyril X ok max Hixshklwood and Bryan' Topley. 

Oxe of the most important quantities associated with a homo- 
geneous chemical reaction is the heat of activation, which repre- 
sents the energy required to enable a molecule to undergo chemical 
decomposition. When a molecule is adsorbed on the surface of 
a catalyst, its stability is modified by the forces between it and the 
surface so that a smaller amount of energy suffices to bring it into 
the reactive condition. This appears to be one of the principal 
factors involved in the action of heterogeneous catalysts. The 
energy of activation is connected with the temperature coefficient 
of the velocity constant by the equation d log (::dT ~ E'HT 1 . 
It is seldom possible to compare directly the heat of activation 
for the two cases of a gaseous reaction proceeding in the homo- 
geneous phase and the same reaction catalysed by a surface. But 
the results of Trautz. and Bhandarkar [Z. anorg. ('hnn^ 1919, 106. 
95) on the homogeneous decomposition of phosphine at high tem- 
peratures show that the heat of activation is considerably greater 
than that found for the iu'icrngeiienus drcom position on the walls 
of the vessel which predominates at lower temperatures. And in 
general it is recognised that heterogeneous reactions have smaller 
temperature 1 coefficients than homogeneous reactions. ThU. how- 
ever, is not an unequivocal result, sim e the amount of the reacting 
substance adsorbed on the surface of the catalyst, and therefore 
actually participating in the reaction, may diminish as the tem- 
perature rises. This would make i he apparent value of E, calculated 
from the observed influence of temperature, smaller than the true 
value, which measures the actual stability of the adsorbed molecule 
It appears from the approximate calculation given oil p. 1 9-- 
that the apparent value is jess than the true value by an amount 
which is approximately equal to the heat of adsorption of the 
reacting substance by the catalyst. Only if this is small can the 
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true heat of activation bo found directly from the variation of 
reaction velocity with temperature. 

The thermal decomposition of formic acid is a convenient reaction 
to study from the point of view of the connexion between heat of 
activation and velocity. The question may be approached in two 
ways. First, the relative ease with which the two alternative 
reactions 


H-COOH 


H^-rCO, 
^ H-O + CO 


(1) 


proceed on the same catalyst may be investigated, and, secondly, 
dm individual reactions may be followed on a number of different 
catalytic surfaces. On glass surfaces, it was found (Hinshelwood, 
Hartley, and Topley, 1 'roc. hoy. Soc., 1022, [.-1], 100, 575} that 
reaction {-) was associated with a heat of activation so much lower 
than that of the alternative reaction that it might have been 
expected to predominate entirely. Since both reactions may 
actually proceed at about equal rates, it was shown that some 
factor besides the heat of activation must govern the reactions, 
and it was suggested that this factor might be connected with a 
molecular phase — only those molecules reacting which possess the 
eiH'i'gv of activation and in addition are in a certain phase. 

With regard to comparative measurements of t lie same reaction 
on different catalysts, glass, platinum, and silver were compared 
in respect, of reaction (I) (Tingey and Hindadwond. T.. Ib22, 121, 
JOliN). Fxpcriments have now been made with rhodium, gold, 
and palladium, which catalyse reaction (I). and with titanium 
dioxide, which catalyses reaction (2j almost exelu-ivehn 

The interest of the result* with titanium dioxide lies in the 
comparison of the value of A’,,, for tlii* catalyst with that for glass, 
which lias the value 12.000 -IG.ooo calories, a much lower value 
Ilian is ever found for AV, . It seemed interesting to inquire 1 
whether a similarly low value for the apparent i nergy of activation 
would also be found for other catalysts, whether, that is. the small 
amount of energy required to activate tile formic acid molecule 
for decomposition into carbon monoxide and water is essentially 
characteristic of this mode of reaction of the molecule. Since the 
value found is 2!>,f>00 calories, it appears that a small energy 
of activation for this mode of decomposition is not an inherent 
properly of the formic amd molecule itself, which persists inde- 
pendently of the surface on which it is adsorbed. 

Jheiv seems to have been no systematic survey of values for the 
energy of activation and of velocity constants for a specified 
reaction on a number ot different eatalyiie surfaces. From the 
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results of this and previous investigations (loc> cit.) the following 


table has been made. 


Relative activity of the sur- 
face in promoting tho reaction 

Surface. 

ftco 2 - 

H-CO-OH - H, + CO 2 at 200 s . 

Duroglnss 

24,500 

005 

Gold 

23,500 

2 


31,000 

<*> 


22^000 

100 


253)00 

500 

Palladium 


pj) Freshly treated with ; 

oxidising agent 

(h) Containing occluded 

30,000 

25,000 

hvdrogeti 

33.000 

250 

In this table, the values of E { , v , are 

calculated, to the nearest 

300 calories, by the 

equation log,. k\> 

■ 1 “ ft r 7y/\ r lJu ‘ 


numbers representing the relative rates of reaction refer to platinum 
as 100, and are calculated per unit superficial area of the catalyst. 
They are given only in round numbers, since the activity of a 
catalyst is very variable, and the superficial area is an approximate 
measure only of the effective surface. 

The interpretation to he placed on the results naturally depends 
on the theory adopted as to the nature of the adsorbed layer. 
Only on the theory that the observed velocity is actually the rate 
of a slow chemical change of the adsorbed molecules has E any direct 
connexion with the stability of the molecule, Tn the present dis- 
cussion, this is assumed, and Langmuir s theory that the adsorbed 
layer does not exceed one molecule in depth is adopted. The 
true value of E can only lie obtained from the apparent value if 
the heat of adsorption is known. The heat of adsorption of such 
gases as ammonia by charcoal is usually about 4000 calories per 
gram -molecule, but then* is reason to suppose that adsorption by 
porous materials like charcoal is a phenomenon of a different 
kind from the adsorption of gases by metals, and involves actual 
condensation of the gas in the capillary |x>rcs. From the results 
of Taylor and Burns (J. A>nn\ Ch<w. So<\, 43, 1273} on the 

adsorption of various gases by metallic catalysts the amounts 
adsorbed seem in many cases t<> be little inliuenccd bv a change of 
temperature from 2.“) to J In . From this it may be concluded 
that the heats of adsorption are very small. We hope to attempt 
direct measurements of the adsorption of formic acid vapour, but 
in the meantime it is probably justifiable to conclude from analogy 
with the results of Taylor and Burns that the heat of adsorption 
is small and therefore that the values of A7, v calculated from the 
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iuitucucc of temperature on the decomposition velocity, are very 
jiearly equal to the true values. 

In the above table a lack of correlation between the values of 
£oo s ant ^ relative activity of the catalyst shows that the relative 
velocity of reaction is not simply proportional to the number of 
molecules which would be expected from the kinetic theory to 
possess the requisite energy of activation. For the explanation of 
this lack of correlation, two possibilities are worth exploring. 
Kither it may be assumed that on unit area of different catalysts 
widely differing numbers of molecules arc adsorbed and actually 
participating in the reaction, or the divergence may be referred 
to a quite specific phase factor, by which the analogous lack of 
correlation between the values of A’ COi and on glass and the 
relative rates of the corresponding reactions was explained. In 
this second case, we can make no further progress at present ; on 
the other hand, if all the observed relations are interpreted simply 
in terms of the varying numbers of molecules adsorbed per unit 
area, then the results can be used to show how this number varies 
from one catalyst to another. We find, for example, that at 200 r 
the surface of rhodium would have to be about one thousand times 
as thickly covered as that of gold. This calculation is based, 
however, upon the assumption that the phase factor is the same 
for the same reaction on different surfaces At the end of this paper 
a tentative calculation is made of the fraction of the surface of 
different catalysts actually covered by adsorbed molecules of formic 
acid. The calculation depends on the assumption that Dushman's 
empirical equation (</. Amu\ Chun. Sor .. IP2I. 43. IlffT) connecting 
the heat of activation with the absolute magnitude of the velocity 
constant of a homogeneous unimoiccular reaction may be applicable 
to a reaction in a system of adsorbed molecules, which on the Lang- 
muir theory i> in effect a homogeneous reaction in two dimensions 
instead of three. These assumptions lead to the result that the 
adsorbed molecules cover a small fraction only of the surface. 
Ihis is consistent with the experimental fact that the reaction is 
of the lirst order and not of zero order as it would be if the uni- 
molecular layer were nearly complete. 

I he experimental methods t mployed were similar to those 
described in T., 121, IMS, the course of the reaction being 

followed both iminometrieaHv and by heating known weights of 
ffO per cent, formic acid with the catalyst for varying times in a 
sealed bulb. The manometric apparatus previously described was 
modified so that weighed amounts of formie arid eould be intro- 
dueed in eapillary tubes into the reaction vessel, which was then 
^■aled off and evacuated through the tap lief ore the formie acid 
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was vaporised. During evacuation the mercury reservoir was 
lowered sufficiently to leave a clear passage through the capillary 
manometer into the reaction bulb. After evacuation, the, reaction 
bulb was immersed in the vapour-bath, and as the formic acid 
vaporised the mercury reservoir was gradually raised. Finally 
the tap on the manometer tube was opened to the atmosphere 
and a series of readings of pressure and time were recorded. 

A considerable number of sealed-bull) experiments were made at 
different temperatures to obtain statistical averages from which 

the temperature coefficient 
of the reaction velocity 
might, be calculated. 

To obtain the temperature 
coefficient from a niano- 
metric experiment, the re- 
action was allowed to pro- 
ceed at one temperature 
until about one-third of the 
formic* acid had decomposed, 
the reaction vessel then 
bring transferred to a bath 
at a higher temperature 
when* the reaction was fol- 
lowed to completion. If in 
any ease the values of the 
velocity constant, exhibited 
a drift, the temperature 
coefficient was obtained by 
extrapolating the value of k 
forwards for the lower tem- 
perature- and backwards for 
the higher temperature, to a 
lime midway between the 
last reading al the lower 
temperature and 1h<* iir>t reading a! i 1 m- higher temperature. 

Analysis of the products of reaction was made as before in a 
Haldane apparat us . 

Since measurements of reaction velocity were m ub* at tem- 
peratures as low as I4H , the <|Ucslion of the association «>{ fni'inie 
acid vapour had to hr con>idered. Tin- pressure exerted by ;i 
known weight of SO* l per cent, formic acid was measured at varicii’ 
temperatures in the manometrie apparatus used for the dccnin- 
position experiments. In the following table, p ub!l represents tin* 
observed total pressure in mm. of mercury exerted by the vapour, 


Fit;. 1. 
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while is the pressure which should be exerted bv the known 
weight of formic acid vapour and water vapour in the bulb of given 
volume on the assumption that there is no association and (hat 
the gas laws are obeyed. 


k. 

7W 

ltalio Aale 

1279 

1209 

1-058 

12.11 

1171 

1-009 

1 1 70 

1028 

1-138 

1128 

95 L 

1-180 

1 103 

884 

1-248 

1093 

783 

1-300 

occurred 

during the 

measurements. 


Temperature 1 . 

393-2° 

184-0 

153-9 

138-2 

129-0 

115-3 


— mean u iv men c s. The 

differences between and Pam above 140 s are not sufficient 
seriously to affect the velocity measurements, especially as “ end- 
points f ’ wore always observed directly. 

Experiments were in all eases made to prove (hat the proportions 
of the different products of decomposition were not influenced bv 
secondary interaction . 

Exixriments with Rhodium.- The rhodium was used in the form 
of foil. It catalyses the decompaction predominantly into carbon 
dioxide and hydrogen, although varying amounts of Carbon mom 
oxide and water an* also prodwed. Jn measuring the latter 
reaction, however, it is diflimlt to allow for the effect of the glass 
liulb, which at the temperatures employed gives some carbon 
monoxide but practically no carbon dioxide. The reaction follows 
the unimoleeular law fairly tWIy, although the* velocity constant 
tends to rise i» the later stages. 


rhodii 


t 

(minutes). 

p 

l: 1,/log, pr 

(mm. of ll^). 

Px ~ V 

7-7 

44 

0-U100 

13-8 

To 

0-0104 

18 

94 

0-<do2 

28 

139 

O01u2 

3ti-o 

170 

U-0IO3 

62o 

23s 

0-0105 

02- o 

272 

0-0100 

98-o 

180 

372 

0-0110 

51s 

0-01 38 

X 

wing are 

501 

tile results nf 

mam. met rie experiments 


on 


■ 'iiijHT.-iI ni i\ 

*v..~ / 

n-siis 

154 7 

imiu;!,ss \ 


185-2 

n u 29 K \ 

2.1.9IHI 

155 1 

H-OMUiO | 


185-2 

0-04 l 7 1 

2 e.iiOO 

154-9 

0-00559 \ 


ISO -J 

0-0378 J 

23 ,StH> 


Avorftj*' 

25.400 
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A series of sealed- bulb experiments over the same range of 
temperature gave for the mean of fourteen experiments in each 


case, 


155-8° 

182-2° 


1-47 x 10~ 4 ± 0*57 X JO 4 ), 
8-06 X 10' 4 ± 3-1 X 10' 4 J * 


15,000 cals. 


A similar series of ton and eight experiments, respectively, at 
185'7 0 and 212-7° gave 24,200 cals. 

A series of experiments was also made over the range 140 
154-7°, which gave values of E 29,900, 28,900, 29,900 from maim, 
metric experiments and 31,400 from the sealed-bulb experiments, 
but since the temperature range is too small to allow accurate 
measurements, and the association of formic acid begins to be appro, 
ciable at 140°, these results are discarded. The most probable 
value of Eco, is taken as 25,000 calories. 

For comparison of rhodium with < it her catalysts, the average 
value of k co calculated per square centimetre of rhodium foil, and 
referred to a bulb of 20 c.c. capacity, may be taken as 0 0024 at 
200°. The unit of time is the minute and natural logarithms arc 
used. 

Experiment* with Gold . — (.1 old produces decomposition almost 
exclusively into carbon dioxide and hydrogen, but its activity, in 
the form of foil, is not great. For the purpose of mano metric 
experiments, therefore, gold was prepared in a state of line sub- 
division hy precipitation with oxalic acid from gold chloride 
solution. 

Temperature. Avo- 

UM-.V 5 0-00217 \ 

1 Sell 0-0351 I 

Umi 0-0005.') \ 

lx.Vo oii092 I 


A\ v .. 

23,000 

23.500 


In order to obtain values fur the velocity cuiiMant which sinmM 
be comparable with those found for other catalysts, some experi- 
ments were carried out with foil of known area. The value of ta- 
per unit area of gold foil and referred to a hull) of 20 c.c. capacity 
may be taken as roughly 0-0000092 at 200 . Gold shows thus only 
about 1/250 part of the activity of rhodium. 

Experiments with Palladium. -All catalysts exhibit considerable 
variations, but the behaviour of palladium is quite exceptionally 
erratic. Its activity is considerable, and it catalyses the decom- 
position into carbon dioxide and hydrogen. The palladium was 
used in the form of smooth foil. It was anticipated that con- 
siderable difficulty would be occasioned owing to the occlusion of 
the hydrogen produced in the reaction, but this was found to eccin 
to a comparatively small degree. Thus a piece of palladium i"il 
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the activity of which was much greater than that of platinum or 
rhodium gave products the analysis of which was as follows : 
COj 0487 c.c.; fi 2 0451 c.c. ; CO 0-036 c.o. The area of the foil 
was 17 sq. cm. and about 20 c.c. of gas were produced, so that 
little hydrogen could have been occluded. After this foil had been 
used many times an analysis of the products gave CO* 0*733 c.c. ; 
Ho 0*507 c.c. ; CO 0-012 c.c. 

With regard to the variations in activity, which amounted to a 
hundredfold, it was concluded finally that when the surface of the 
palladium had been carefully cleaned with an oxidising agent, 
namely, chromic acid and sulphuric acid, it displayed very great 
activity, many times greater than that of rhodium, but that 
exposure to hydrogen diminished the activity very seriously. 
Although the absorption of hydrogen was never great, it occurred 
to some degree, so that presumably the structure of the palladium 
in the immediate neighbourhood of the surface was spongy, and 
the activity is greater when this region is free than when it is filled 
rit.li dissolved hydrogen. The relative activity of palladium, as 
abulated in the introduction to this paper, is thus not strictly 
comparable with that of the other metals. 

It seemed of little use to attempt to obtain very consistent 
ralues of E for palladium, but an approximate value was obtained 
by the raanomctric method. In one experiment, a freshly cleaned 
strip of foil of 4 sq. cm. surface was used. Jn the first part of the 
experiment, at 139-8°, the values of k were fairly constant, but in 
the second part, at 180*0°. they fell continuously from 0-0333 to 
(1-0136. By extrapolating, a value of 0-0360 was found. The 
value of J£ Wi thus obtained was 39,000 calories. A second experi- 
ment was made without removing the palladium from the reaction 
bulb; at 140°, the rate was about one hundred times smaller 
than in the first experiment. The temperature was raised to 
183*3' and subsequently to 212-1°. Between 140° and 185-3°. 
the value of E found was 31,500 calories, and between 185-3° 
and 212-1° 34,000 calories. The mean was taken as 33, (>00 
calories. 

Experiments mth Titanium Dioxide . — This causes decomposition 
into carbon monoxide and water almost exclusively. The oxide 
used was in the form of powder; l gram was used in the sea led -bulb 
experiments; more for the manometric experiments. Fifteen 
[scaled-bulb experiments were made at 138-4° and fifteen at 1801'. 

Ayithlv vrthu 

'LVm|HT;iimv. of iv... 

13S-4 ' im H indi;:? \ 

180-1 0-00 1 f 


-O.UOO 


v OL. CXXJII, 


N N 
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A manometric experiment showed that the reaction follows the 
unimolecular law and gave the values ; 


154 - 7 ° 

184-9 


0-000696 1 
0-00096 / 


29,000 


Discussion of Results . 

The magnitude of the variation of reaction velocity with tem- 
perature may be equally well explained by the theory that a true 
rate of chemical change of the adsorbed molecules is being measured, 
and by the theory that the observed rate is a rate of diffusion of 
the reacting substance through an adsorbed layer the thickness 
of which diminishes rapidly with temperature. A third possibility 
may be suggested, which meets the objection that in the second 
case the adsorbed layer, small to begin with, would rapidly dh- 
appear as the temperature increased if it had to diminish rapidly 
enough to account for the change in reaction velocity. The 
possibility is that only those molecules can reach the surface of 
the catalyst and react, the kinetic energy of translation of which 
is sufficient to enable them to penetrate a permanent adsorbed 
layer of unchanging thickness such as the unimolecular films of 
carbon monoxide which are retained tenaciously by platinum, hi 
this case, E would be a true energy of activation, but would repre- 
sent translational and not internal energy. The objection, how- 
ever, to both the second and third possibilities is that the two 
alternative modes of decomposition of formic acid on glass appeal 
to be quite independent reactions, each with its characteristic heat 
of activation, in spite of the fact that in each case, according tv 
the diffusion theory, a similar formic acid molecule would make it 
way through an identical adsorption layer. Jt is true that flit 
relative speed of the two rapid reactions at the surface of the 
catalyst could vary with temperature, even although the observed 
total speed were governed by a diffusion process, but in this ease 
the values of E for the two separate reactions could not be inde- 
pendently constant. Thus E ilt on glass retains its characterise 
value, which is very different from E lo ., irrespecthc of whether 
the completing reaction is proceeding rapidly enough to account 
for more than half the total decomposition or is proceeding at a 
relatively inappreciable rate. The diffusion theory allows L\,-> ana 
Avo, to vary differently with temperature, but E u , ui would remain 
approximately constant while E v 0 and E Wt would vary largely. 

Approximate. Calculation of the Relation between the True uni 
Apparent Heats of Activation.— Let a be the fraction of the surface 
covered for a given pressure, of the adsorber! gas in the gas phase. 
Hate of condensation on surface — a \ T(1 — where a - constant- 
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Kate of evaporation = x<r, where x — rate of evaporation per 
unit area covered at temperature T. 

We may write x — be ~ W, 

where b — constant and A is the heat of adsorption. 

Equating rate of condensation and rate of evaporation, 

1 — (r) = bu - . e _ A /^ 7 ’. 

If a is small compared with unity, as it must be when the reaction 
follows the unimolecular law, then 

a Cy/Te* 11 *' 1 ', where C — constant. 

If k is the velocity constant per unit area of catalyst, and 
is the velocity constant per unit area covered, 

k ^ / V r - kfiy/TeH* T . 

Hut K .= Be~WT } 

wlierc Q is the true heat of activation and Ji is a constant. 
Therefore k — constant \Te ~ [, i ~ ^ IlT 

d log k 1 Q — A Q — A - r \RT 

' dr ~-2r ! nr- ~~ xt* ~ ' 

But d log kjdT — E/XT’ 1 . 

Therefore E = Q — A + J/fT 
or approximately E - Q — A. 

0 / /Ac Fraction of Eurfacc roared.— By making the 
assumptions referred to in the introduction, we may calculate the 
fraction of the surface covered in different cases in the following 
manner. 

From the results of Tin gey and Hinshelwood on platinum the 
value of kco. per square centimetre of platinum at 2(H)" is 0*00044, 
the value referring to a bulb of 20 e.e. capacity. Dush man’s 
empirical equation for the velocity constant of a unimolecular 
reaction is /; — it ~ * Ul 1:1 , 

where *Y Avugadro’s number and Mu - E. 

E i:0 , for platinum is 22,(NiO calories, whence k - 1.1,000, approxi- 
mately, tlie unit of time being the second, or 000,000, the unit 
of time being the minute. But the observed value k tU — 0*00044. 
Thus 

Number of molecules adsorbed 0*00(144 - N 
mmber of molecules in reaction bulb 000, (H)0 “ 

But under the experimental conditions there were in a 20 c.e. 
•alb about 6 x 10 20 molecules; hence the total number adsorbed 
11 1 square centimetre of platinum is I) 10 n approximately, 
f a molecule of formic acid be assumed to occupy a space 5 X 10~ 8 
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cm. in length and breadth, then we shall tind for the fraction of 
the surface covered a value of the order 10~ 3 . 

In this way, the following rough values were obtained : 


Fraction of surface 
at 200* covered ut about 

Surface. per unit area. 2 atmospheres pressure. 

Glass 0*0000002.3 a X lO* 

Gold O -0000002 10 * 

Silver 0*0000103 10~ l 

Platinum 0-00044 10 u 

Rhodium O-0024 10 1 

Palladium O-UUlO 1.30 


It has already been pointed out that palladium is quite abnormal. 
With regard to the others, all that one can say is that the assump. 
tions do not lead to any inconsistency with the modern theory of 
catalysis. 

If the specific phase factor which was introduced to account for 
the lack of correlation between the values of E and the relative 
velocities of the two alternative reactions on glass is introduced 
here also, then the calculation is no longer valid, since Bushman's 
equation cannot be applied. Its application is really incon- 
sistent with the previous conclusions, but it seemed of interest to 
see to what results it would lead. In a private communication. 
Prof. W. C. Met*. Lewis has indeed suggested that the phase factor 
previously introduced might be interpreted in terms of different 
modes of adsorption. It is difficult to say whether formic acid 
could be adsorbed in two different ways on glass, but if this were 
possible the fractions of surface covered by the two differently 
adsorbed types of molecule would have to be very different. The 
question must be left open for the present. 

S)i m mnrtf. 

(1) Experiments on the kinetics of the heterogeneous decomposition 
of formic acid have been extended to include surfaces of rhodium, 
gold, palladium, and titanium dioxide. 

(2) The significance of the "heat of activation” is discussed 
for the case of a heterogeneous reaction. 

(3) Evidence is derived from the study of the thermal decom- 
position of formic acid in favour of Langmuir's adsorption theory 

(4) The heat of activation of the formic acid molecule for the 
reaction R-COOII ~ CO 1L.0 on titanium dioxide is found to 
be much greater than that of the same reaction on glass, so that 
the low value found for glass surfaces cannot be regarded as an 
inherent property of the free molecule. 

(5) The values of E Uh for a number of catalytic surfaces are 
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tabulated, and a lack of correlation is shown to exist between the 
values of R mi and the corresponding velocity of the reaction 
H’CO'OH = C0 2 -|- Ho. Two possible interpretations are pointed 
out. Either it may be assumed that a molecule must not only 
possess the critical energy, but must be in a certain phase before 
it decomposes, or the whole lack of correlation between R and k 
may be referred to the very widely differing fractions of the 
various catalytic surfaces which are actually covered with adsorbed 
molecules. If the second factor is alonr. operative, the actual 
fraction of surface covered can be calculated bv assuming that 
Dushman’s empirical equation for the? velocity of a unimolecular 
reaction can be applied to the molecules actually adsorbed. This 
leads to values for the fraction of surface covered which are between 
10' 1 and 10 6 , except in the case of palladium, which behaves 
abnormally. These results are consistent with the modem theory 
of adsorption catalysis, but the application of Dushman's equation 
is inconsistent with the idea of a specific molecular phase governing 
the velocity of reaction, so that the choice between the alternatives 
is left open. 

Physical Ciiemisthv Laboratory, 

Baliiol College ami Trinity Cojxeoe, 

Ox top. i). li< March 21th, 1923.] 


CXYI.-On 

the Propagation of the 

Explosion- Wave. 

Part I. 

Hydrogen and 

('arbon M 

onoxide Mixtures. 

By Harold Bailv Dixon 

and Noll Stanley Walls. 

Few experime 

nts appear to hnvt 

* been pub! 

fished on the passage 

of the explos 

ton -wave through 

mixtures < 

if combustible gases. 

Bert helot, obs 

erving the slow n 

itc of the 

wave through carbon 

monoxide and 

oxygen, as compart 

?d with elec 

irolytic gas, measured 

he velocity of 

the exjilosii.n-wave 

tlimugli tw« 

i mixture* of hydrogen 

md carbon me 

moxifh* Knall-gas : 




Ta in 

.K T. 



ih rlhf. lot's l 

Ixjp rimuifs. 



(vols.). 

ILUi'S in i 

net n s jut sw'cond. 

CO. 

11.. ().. 

Fouml. 

Cal. 

loo 

U 5(1 

10110 

1940 

50 

50 5(1 


2230 

40 

(iO 50 

2170 

2321 

0 

100 50 

2,MU 

2831 



1026 


DIXON AND WALLS : ON THE 


His formula (derived from the mean molecular velocity of the 
products of combustion), which agrees with the rate found for 
the explosion- wave in electrolytic gas, does not apply, he says, 
to the carbon monoxide; but with mixtures of hydrogen and 
carbon monoxide the formula holds good “ the hydrogen coni* 
municates to the carbon monoxide a law of detonation analogous 

to its own.” . 

Again Bertlielot measured the initial rates of the name m hydrogen 
and in carbon monoxide Knall-gas, and then in a mixture of the 
two — timing the flame from the spark until it broke a bridge 
130 mm. away; he also made a similar series with hydrogen and 
with ethylene Knall-gas. As these experiments were made in a 
closed bomb, the rates were measured during a period of acceleration 
and not do represent constant velocities of flame : 

Table II. 


Berthdot's Experiments. 

Time of travel of flame from 
spark through 130 mm. in 
Gases. thousandths of a second. 

2H 2 -f O s ,V2i ^ mean. 

2CO + O s 12*b .» 

H 2 + CO 4- O, 

2H* 4- 0 2 VS5 ! 1*93 »>«»• 

2C,H 4 4- GO, - <Sh < 

L»H 2 2C,H 4 - 70_. 1*37 

Bertlielot seems to have expected that the rates of the flume 
in the mixtures would be the arithmetical mean * of the individual 
rates; as the latcs in the mixtures were found to be greater than 
the means, lie concludes that the gases hum separately — the hydropi 
burning first in each case. 

More recently, Prof. Bone (Proc. Boy. Soc 1921, [A], 100, 0; 
has made determinations of the time taken from the moment of 
firing until the maximum pressure is reached when explosive 
mixtures of hydrogen and carbon monoxide with air are fired m a 
closed bomb under oO atmospheres initial pressure. He has shorn 
that the interval between the spark and the maximum pressure is 
much less in the pure hydrogen than in the pure carbon monoxide 
Knall-gas, and he compares the time-intervals when different 
quantities of hydrogen replace carbon monoxide with the times 
calculated on the assumption that each explosive mixture carrier 
the flame in turn at its own rate over lengths proportional o 

volume of each present. . 

The “ times ” so calculated arc of course the sum of the 
taken by each explosive constituent ; just as in a relay 1 ac ® 
total time is the sum of the times taken by each runner o\e 
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distance he is set to run. Prof. Bone shows that the calculated 
figures in no way agree with the rates he finds in the mixed gases ; 
lie directs attention to the great effect on the rate of combination 
when small quantities of hydrogen replace carbon monoxide in the 
explosive mixture, and (like Berthelot) he attributes this to the 
dominating influence of the hydrogen “ which catalyses the 
reaction.” 

It is to be noted that in Bones as in Bert helot’s experiment the 
rate is measured from the firing point during the period of acceler- 
ation, and that in electrolytic gas the acceleration is more rapid and 
the explosion- wave is set up after a shorter run than in the ease of 
damp carbon monoxide Knal 1-gas. 

On the other hand, Or. It. V. Wheeler and his fellow- workers 
have found that for the slow initial uniform phase of combustion of 
gases the rates for mixtures arc the means of the individual maximum 
rates : thus “ if on a speed-percentage graph the maxima for any 
two gases taken singly are joined by a straight line, all the maxima 
for mixtures of these gases lie approximately on this line.” 

It was found, for instance, that the highest initial rate (Le 
Chatelier's normal propagation by conduction) for a mixture of 
methane and air in a glass tube 2*5 cm. in diameter was 67 cm. per 
see. when 0*6 per cent, of methane was present, and that the highest 
initial rate for a mixture of pentane and air in the same tube was 
83 cm. per see. when 2*02 per cent, of pentane was present. Xow 
on mixing 77 volumes of the pentane-air gas with 23 volumes of 
the methane-air gas, tin* rate of uniform combustion was found to 
he 79 cm. per see., the calculated rate on the straight line being 
7!)'3 cm. per see. 

It has to he observed that these maximum rates for the slow 
propagation of flames through paraffin-air gases tend to a constant 
value, and therefore the rate of flame-propagation for any mixture 
of them would naturally lie close to a straight line joining the 
maxima of any pair. 

But when hydrogen-air gas was mixed with methane-air gas, 
in a similar experiment, the rate of the flame fell short of the calcu- 
lated rate by 15 per cent. It would appear, then, that mixtures 
containing hydrogen may not conform so closely to the “ speed 
law.” 


I)r. Wheeler is of opinion that his speed law applies, not only to 
the initial phases of explosion, but also to the period of acceler- 
ation, and — with certain limitations— to the explosion-wave itself. 

Bastl}’, in all the formula? which have been proposed for calcul- 
ating the velocity of the explosion-wave from the heat and volume 
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proceeds as an intense compression- wave, and that its rate depends 
inter alia on the mean density of the gases concerned. Thus Prof, 
Jouguet has shown that the result of adding an equal volume of 
nitrogen or of hydrogen to electrolytic gas is a retardation or an 
acceleration of the wave which can bo calculated from the mean 
densities of the mixtures. 

There would seem, therefore, to be three different conceptions of 
the mechanism by which a flame may be propagated in explosive 
mixtures of gases : (i) that each kind of molecule formed in the 
flame-front may carry it forward in turn with its own velocity over 
equal distances ; (ii) that each kind of molecule formed in the 
flame front may carry it forward with its own velocity during equal 
intervals of time; and (iii) that the propagation is independent of 
the motions of the individual molecules, but depends on their mean 
velocity and therefore on the mean density of the gases. 

It thus became of interest to determine with some accuracy the 
rate of the explosion- wave in mixtures of hydrogen and carbon 
monoxide Knall-gas under uniform conditions, especially in those 
cases where only small quantities of the carbon monoxide were 
replaced by hydrogen; for by continuing the curve drawn through 
the rates found with diminishing quantities of electrolytic gas one 
may arrive at the " theoretical rate ;; for pure carbon monoxide 
Knall-gas — which is the " effective J? rate used by Dr. Wheeler in 
his calculations. 

The explosions were carried out in a coiled lead pipe of 12*5 min. 
internal diameter; iho distance between the two sil\er bridges 
was 09*156 metres. The *’ firing-piece ” was a straight copper tube 
1-45 metres in length; it joined the lead pipe through a full-bore 
tap, and was fitted at one end with a tap and firing-wires and at the 
oilier (close to the full-bore tap) with a small by-pass tap. The 
bring piece could thus be filled, through the lead coil, with the 
same mixture as that to be fired in the coil, or independently with 


electrolytic gas through the by-pass. 

In the preliminary experiment the pendulum of the chronograph 
moving a key, broke simultaneously the currents holding down the 
two styles, which registered their marks on the moving plate as they 
were pulled upwards by their springs : the two styles were then 
cpnnected with the two silver bridges, and the key was connected 
with the coil and firing wires. On releasing the pendulum a second 
time, the movement of the key caused a spark to pass, and the 
flame passing along the firing-piece developed, after a shorter or 
longer run, the explosion- wave which broke the first bridge an 
traversing the coil broke the second bridge in turn. The two style* 
were therefore released in turn and registered their marks on the 



PROPAGATION OF THE EXPLOSION -WAVE, PART I. 


1029 


moving plate. The interval between the two marks registered by 
the first style, A, gave the time between the passage of the spark 
and the breaking of the first bridge — independently of any error of 
the electro- magnet if the resistances of the circuits were properly 
adjusted; and similarly the interval between the two marks 
registered by the second style, B, gave the time between the passage 
of the spark and the breaking of the second bridge. The differ- 
ence between these two intervals gave the time taken by the 
explosion wave to travel the known distance between the two 
bridges. 

After proving the efficiency of our train of drying tubes by failing 
to fire the carbon monoxide Knall-gas, either by a direct spark, or 
by the shock of the explosion-wave set up in electrolytic gas filling 
the firing-piece, we proceeded to try the effect of replacing a very 
small quantity of carbon monoxide by hydrogen. We were at once 
struck by the fact that when the firing-piece was filled with electrolytic 
gas, and the mixture in the coil was fired by the shock of the rapidly 
moving explosion- wave generated in electrolytic gas, the rate in 
the mixture was distinctly lower than when the firing-piece was 
filled with the same mixture as in the coil. 

In the following table are given the distances, aa, between the 
marks of the first style (from spark to first bridge) and the distances, 
W, between the marks of the second style (from spark to second 
bridge) and the rates measured from the differences between them, 
(I) when the firing-piece was filled with electrolytic gas, and (If) 
when filled with the mixture in the coil : 

Table III. 

Gases CO. 0 3 . H 2 . 

Volume 90-2.") oO U-7G 


Stylo marks 

mm. 



a o'. 

h b\ 

ifam 

m see. 

3-3 

lUT-u 

ITtil 


7-0 

112-n 

111’" 

lObti 

lust 

| 

1604 

4 ;; 

1< »7-.i 

1710 

1 

u-U 

1H0 7 

1700 

1 

5-2 

miK 

n.i! 14 

169.} 

3-6 

10S-0 

16110 

1 

24-4 


!7.V.» 


25-0 

JlS-S 

174,} 


Our first surmise — that some constriction between the firing-piece 
fid the first bridge had damped down the explosion-wave in the 
aanner discovered by Dr. 0. Campbell — was shown to be unfounded 
dieu the experiments were repeated with a junction-piece with a 
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larger bore. The measurements made with the new j unction-piece, 
tabled above under Iff, gave the same mean rate as before when the 
firing-piece was filled with electrolytic gas. 

A similar discrepancy in the rates was found when a larger 
quantity of hydrogen was introduced; the rate was slower when 
the ignition was caused by electrolytic gas than when the firing, 
piece was filled with the mixture in the coil : 



Table 

IV. 


liases 

ro. 

0 ,. 

Hy 

Volume 

U8-5 

50 

15 


Style marks 

mm. 



<( a'. 

bb'. 

Rato m,see. 

1 


107-2 

1731 \ 

3 ."» 

105-1 

1738 - 1730 


31) 

105-3 

1740 J 

11 

19-3 

lf>-8 

11S*9 

115-4 

nom 1770 

1770/ lM 


It remained now to determine whether the slower rate found with 
” electrolytic " firing was due to a temporary damping down of 
the explosion-wave at the junction of the two gas mixtures or to a 
permanent alteration in the nature of the explosion. A tube 14 
metres in length was therefore introduced between the firing-piece 
and the first bridge, so that if the retardation was due to a tem- 
porary damping down of the flame at the junction of the two gases 
the explosion- wave might have time to be re-established before 
the flame reached the first bridge. It was found that, with this 
longer run, concordant results were obtained whether the tiring 
piece were filled with electrolytic gas or with the mixtuio in the coil, 
and the rates agreed with the fuxfi’r determinations pre\inu>H 
made. The mran rates found for the explosion-wave in the two 
mixtures were : 

t'O. (L. 1L. Half. 

Wl-lto 50 O-Ta 1754 

1*8-5 .)'» f‘» 

Further to test the question of the damping down and recuperation 
of the explosion- wave in carbon monoxide Knall-gas, experiments 
were made with small quantities of aqueous vapour in place ° 
hydrogen. In the first sets (I), the firing-piece, filled with electro- 
lytic gas, came close to the first bridge; in the second sets (U),^ 
extra tube was introduced between the firing-piece and the JlI>t 
bridge to allow time for the recuperation of the wave : 
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CO. 

o 2 . 

H„0. 

Bate. 

I 

99-23 

50 

0-75 

1633 

JI 

,» 


« 

1661 

I 

98-5 

50 

1-5 

1673 

11 




1708 


The temporary damping down of the explosion-wave by “ electro- 
lytic firing ” is thus shown to exist w hether the carbon monoxide is 
made explosive by small quantities of hydrogen or by small quan- 
tit ies of steam. If it be true that pure carbon monoxide and oxygen 
do not combine with explosion because the product— carbon 
dioxide — would be above the temperature at which it would be 
mainly dissociated (H, B. Dixon, T. , 180fi, 69, 774), the same 
hypothesis might explain the discontinuity of the wave where the 
highly heated steam molecules, formed in the “ electrolytic ” wave- 
front, came into collision with the carbon monoxide mixture with 
its small hydrogen — or steam -content. In this zone of rapid 
molecular motion the oxidation of the carbon monoxide might he 
too slow to maintain the explosion- wave, just as it is in the explosion 
of cyanogen with twice its volume of oxygen, where the heated 
carbon monoxide as it is formed in the wave-front is inert towards 
oxvgen, but combines with it slowly bikiitd the lvcit'e -front . 

It would follow from this hypothesis that, as the carbon monoxide 
is gradually replaced by more hydrogen in the mixed gases, the 
discontinuitv should grow less and disappear; and at the other end 
of the scale where the carbon monoxide K nail-gas is fired with a 
great excess of electrolytic gas, the carbon monoxide should act 
largely as an inert gas and retard the wave as such. Both these 
anticipations have been verified : when 7*3 per cent, of the com- 
bustible gas was hydrogen, no discontinuity was found in the 
explosion- wave however the mixture was tired: when 7\5 per cent, 
of the combustible gas was carbon monoxide, the latter had 
practically the same retarding effect as an equal volume of nitrogen. 

la Fig, 1, a line is drawn through t Ik* rates found for the unbroken 
explosion-wave when small quantities of hulrogen are substituted 
for carbon monoxide. The line is slightly curved and, continued 
backwards, cuts the speed ordinate for pure carbon monoxide 
ivnall-gas dose to 1750. Wc have therefore taken this as the 
theoretical rate/' It is in substantial agreement with the rate 
lerived from the old experiments made thirty years ago in this 
aboratory ; it was then found that carbon monoxide Knall-gas had 
■i maximum rate of explosion of 1738 metres per second when it 
contained about 5-5 per cent, of water vapour. 
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At the oilier end of the curve the mean velocity found for pure 
electrolytic gas at 40° was 2810 m/sec., which is in close agreement 
with the old determinations — namely, 2821 in /sec. at 10° and 
2790 m/sec. at 100°. 

In the following table the means of the rates measured for various 
mixtures are set out, when hydrogen is made to replace the carbon 
monoxide step by step in the gas mixture— 2CO -f 0 2 ; the total of 
the combustible gas being always 100 and the oxygen 50. in 
italics arc given the rates, A, calculated from the distances travelled 
by each ingredient in equal times, and the rates, B , calculated from 
the times taken by each ingredient to travel equal distances. 

Fit:. 1. 

Ratf* of ( JcpUwion-tcn/ in inixtun; 2('0 0 2 u'h- n .<ma(l 

qutwtiti* s- of H 4 n pbicc (‘O. 


1830 i 

j 

1810 

1700 

1770 

: 

17541 
H 2 

a>-] 

Table Vi. 


Hate* of ht mi-dun* of U 2 - and ifO-KnaH'r/is 

roinjiiircd with c‘ilc'tla ( < d ra?< ;. 


CO. 

100 

99-25 9S-5 

02-5 

s5 

50 :>5 15 7-5 

0 CO. 

H,. 

0 

0-75 1-5 

7-5 

15 57-5 

50 75 S5 92-5 

100 H]. 

A. 

Cal. rates 
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its $ urn 

1S30 

mo JUT 

22 SO 2515 2051 2130 

2Sld 

Rates 

found 

(1750) 

1754 1758 

I79»; 

JS5S 2i»2n 

2150 2391 2507 2043 

2810 

B. 
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im ms 

2155 2130 2576 26SS 
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The measurements show that the velocities of the explosion- 
wave in the mixed gases follow the curve B closely at first d 

^e^haTti 1 ^"1 * S ° '° ng " th(i ^ not repine 
more than haJf the carbon monoxide the r if, * i n p 

As to the falling off in velocity when the hydrogen is in excess 
ve may recal the calculation of Jouguet, who gives the temperature 
.n the wave-front of pure electrolytic gas as 3,fi5<T Abs At thk 
temperature a small percentage of carbon dioxide added to the 
electrolytic gas would be largely dissociated; in other words the 
carbon monoxide would be only partly burnt, and would act lately 
as an inert gas. In order to test this, experiments were made with 
mixtures containing So and 02-5 volumes of hydrogen with 15 and 
,a volumes of nitrogen mstead of carbon monoxide. In the first 
mixture the replacement of the 15 volumes of carbon monoxide bv 
nitrogen was marked by a fall in rate of 24 metres per second, 
showing that the carbon monoxide was not wholly inert under thes^ 
conditions: but m the second experiment, when 7-5 volumes of 
carbon monoxide were replaced by nitrogen, the rate fell only 3 
metres per second, * 

Table Vi I. 
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with nitrogen only in place of the carbon monoxide Knall-gas gave 
rates slightly faster than those found for the above mixtures. .These 
measurements leave no doubt that the carbon monoxide Knall-gas, 
when mixed with a large excess of electrolytic gas, is indistinguish- 
able in its damping effect from a similar mixture of nitrogen and 
oxygen; the carbon monoxide appears therefore to be largely inert 
to the oxygen in the wave-front. 

The Explosion of Mixtures of Hydrogen and Carbon Monoxide with 
Oxygen in Defect . 

The experiments on the passage of the explosion-wave through 
mixtures of hydrogen and carbon monoxide with insufficient oxygen 
for complete combustion were made with the two objects— (1) of 
measuring the rates of the waves in the several mixtures, and (ii) 
of determining the division of the oxygen between the two combus- 
tibles under the conditions of the explosion-wave m a long tube. 
To insure that the division of the oxygen should not he affected by 
the removal of the steam from the sphere of action by condensation 
on the walls, it was found necessary to heat the tube to a temper- 
ature at which the pressure of saturated water-vapour would be 
greater than that exerted by the steam in the gaseous products of 
explosion at that temperature. The following experiments illustrate 
the difference between the end-products when the temperature of 
the tube is below or above the condensation-point of the steam 
formed in the explosion. After each explosion, the gases tmr 
blown out at one end of the tube by a current of air sent m at the 
other end, anti samples of the products were collected over mercury. 
The volumes of carbon dioxide, carbon monoxide, and hvdiogni 
were determined in a Bone and Wheeler apparatus; the volume 
of the carbon dioxide awl carbon monoxide being equivalent to the 
carbon monoxide originally taken, and the volume of the hydrogen 
and water vapour living equivalent to the hydrogen originally 

taken : 

Table VIII. 


Effect of trail -temperature an th< diction of oxygen. 


Composition 
of mixture. 


TVinp. 

I Uu\ 


Composition 
of products. 


Division 
of oxygon- 
CO :< HjO. 

CO. 

0 ,. 

H r 


in 

CO. 

CO.. 

H,. 

H,0. 

CO. X H: 


05 

25 

4;V 

1045 

4<v« 

29-0 

r,n 

20-0 

fi-3 
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85 

1947 

43- S 

31-2 

<>■2 

18-8 

4-3 

50 

25 

5U 

40 

85 

2210 

2215 

:o;-8 

34-2 

13-2 

15-K 

13-1 

1(14 

30-9 
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7-S 

44 

O' 

25 

75 

<10 

2WH 

4-2 

20H 

28-8 
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In each of these experiments the volume was reduced by the 
combination of the oxygen from 125 to 100 ; therefore, when the 
gaseous products had assumed the temperature of the tube, the 
pressure was reduced from 760 mm. to 008 mm. 

These experiments show that when the products of the ineomplete 
combustion of hydrogen and carbon monoxide in the explosion- 
wave cool down under conditions where all four gases are free to 
react, the “ water-gas equilibrium ” is found to be nearly constant; 
but whenever there is a chance of the condensation of steam taking 
place during the secondary reactions the equilibrium is displaced. 
The metal tube is thus shown to have precisely the same effect on 
the secondary reactions after the explosion -wave as the glass 
eudiometer was originally shown to have in the ordinary explosions 
of similar gas mixtures {Phil. Trans., 1884, 175. 667). 

In all our further experiments on the division of oxygen between 
the two gases the temperature of the tube was maintained between 
S,5° and 90° in order to eliminate tin* chance of condensation. 

The effect of small replacements of carbon monoxide by hydrogen 
in the mixture 400 -f 0 2 was next studied. When 1 or 2 per cent, 
of hydrogen only were present, the phenomena observed were 
closely analogous to those described in the complete combustion of 
similar mixtures : the explosion -wave was damped down temporarily 
when the mixture was bred by electrolytic gas. When an extra 
length nf tube, filled with the mixture, was inserted between the 
firing tube and the first bridge, normal rates wen* obtained. When 
.5 per cent, or more of hydrogen were present the rates were normal, 
however the mixture was fin'd. 



Tarek IX. 

Pairs juuml. 

ii| Final by i,ii) Fired by its 
H». el. ‘»as. if, vn mixture. 

1 IL71 1747 


When the rates obtained with the above mixtures are plotted 
against the percentage of hydrogen in the combustible gas. the 
points lie almost on a straight line, which, being continued back- 
wards, cuts the speed-ordinate dost* to the rate 1740 m. per sec. 
This has therefore been taken as the theoretical rate for the explosion- 
wave in carbon monoxide when fired with one-quarter its volume of 
oxygen. 

At the other end of the curve the mean value found for the 
■ xplosion-wave in the mixture 41 L >- (\ at 8.5 was 3284 metres 
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per sec. To test the question whether a small quantity of carbon 
monoxide replacing the hydrogen would be inert in the wave-front 
(as in the corresponding case where the combustible gas was wholly 
burnt), comparison-experiments were made with 15 and 7*5 per 
cent, of the hydrogen replaced by carbon monoxide and nitrogen, 
respectively. The following results were obtained : 


Table X. 


Mixture. 

Bate. 

H, h 0 2 + CO 

85“ 25 15 

2819 

H* 0 2 + X, 

85" 25 15 

2785 

H 3 H- 0, + CO 

92-5 25 7-5 

3015 

H* o, x> 

925 25 7-5 

3000 


When the hydrogen was replaced by carbon monoxide, the 
rates found were distinctly faster than those obtained with the 
same volume of nitrogen. It would seem, then, that the inertness 
of carbon monoxide, which appears to be a prominent factor when 
7*5 per cent, of this gas replaces hydrogen in electrolytic gas, is no 
longer pronounced when the oxygen is reduced by one-half, and the 
temperature in the wave is correspondingly lowered. 

In the following table are given the mean rates found for the 
explosion -wave when varying mixtures of carbon monoxide and 
hydrogen were halj -burnt by oxygen : above the observed rates are 
given : .1, the rates calculated from "equal times," and below art 
given, B, the rates calculated from " equal distances." The 
latter agree fairly closely with the observed rates for the mixtures 
containing small percentages of hydrogen ; they diverge from the 
observed rates for mixtures containing more than 25 per cent, of 
hydrogen. 

Table XI. 

Rates of rx))lo*ion-)nu'i in mixtun* of (.'() and H 2 tvhot half ih 

cvnibuMibU [fas is burnt. 


H„. 0 

1 

2 5 25 

50 

75 

85 

92-5 

ion 

CO. loo 

99 

9S 95 75 

5l 1 

25 

15 

7-5 

y 

.4, Cal. 

[1710] 

1755 

1771 IS 17 '2120 

2512 

2900 

5052 

3168 

3284 

Rates 

founri 

(1740) 

1747 

1755 1770 1952 

2212 

2014 

2819 

3015 

3284 

12. Oil. 

[UW\ 

1748 

1757 17 S2 1072 

2275 

20 SS 

2898 

3079 

3284 
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Rates of Explosion-Wave and Division of Oxygen in Electrolytic Gas 
Diluted with Carbon Monoxide. 

In the following experiments the explosion- wave was transmitted 
through electrolytic gas diluted with successive additions of carbon 
monoxide in molecular proportions. The eoil was maintained at 
85°, and samples of the resulting gases were collected over mercury 
and analysed as before. The mean results are given below : 



Table XII. 


Mixture. 

CO x H 2 0 
Itnte m/scc. C0 2 X H 2 

= K. 

2K, -j- 0, -}- CO 

o 4U 19 4 X 51-9 

13*9 x 14-8 

e 4-9 

211, + 0, + 2C0 

2215 34 2 x 33 6 

15*8 X lii-4 

= 4*4 

2H,j + 0 3 -J- 3CO 

2084 445 x 23 4 

15*5 x l(j*G 

= 41 

21f, + 0 2 4- SCO 

1*70 57 ‘ 8 X . 14 ' 3 

13-0 x 14*3 

= 4-2 

Rates of Explosion-ware 

and Division of Oxygen in Carbon Monoxide 


K nail -gas J hinted with Hydrogen. 

In a similar way the explosion-wave was transmitted through 
carbon monoxide Knall-gas diluted with successive proportions of 
hydrogen— the coil being maintained at 85°. The resulting gases 
were analysed as before. The man results are given below. 

Table XI! I. 





CO x 

H,0 

- K. 

Mixture. 


Rate m sec. 

CO, : 

>• n7 

2CO, -i- O, 

- 1H, 

1902 

2u-4 

: 1st 
.. i-u 

- 3-9 

2CO o, ; 

H, 

2m35 


- 2S- 1 

~ 4*3 

2CO -f- 0, • 

21L 

2215 

34-2 > 
15 8 ;• 

: 33 G 

: 1G-G 

= 4*4 

2CO + 0 a i- 

4IL 

2130 

28*9 > 

• 2$*K 

= 50 

4-4“ 

liT-F 


We have to thank the Scientific and Industrial Research Depart- 
ment for a grant which enabled one of us to devote his whole time 
to the research, and we are indebted to Mr. F. J. Hartwell. B.Se., 
for assistance given in carrying out the experiments. 

Chemical Labor atoiuks, 

Manchester University. 


[Ri'cnrtil, February 27 th, 1923. J 
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CXVII. — Yohimbine (Quebrachine). Part II. apo- 
Yohimbine and Deoxy -yohimbine. 

By George Barger and Ellen Field. 

In a previous communication on the constitution of yohimbine 
(T., 1915, 107, 1025). we showed that by the action of cold concen- 
trated sulphuric acid on the alkaloid a substance of the composition 
C 22 H 28 0 G N 2 S or C 21 H 26 0 6 X 2 S * was produced. At the time wi- 
th ought that sulphotiation had takeu place, and the name yohim. 
bincsulphonie acid was accordingly suggested for the compound. 
A more detailed study of its properties, however, has shown us that 
this assumption is incorrect. Thus, although it dissolves readily 
in cold alkalis, and is reprecipitated unchanged on acidification, 
or in the case of solution in ammonia by prolonged boiling, when a 
solution in dilute sodium or potassium hydroxide is heated 
above 60°, sulphuric acid is eliminated with the production of a 
base C 22 H 26 0 2 X 2 , or C 21 H 24 0 2 X 2 , containing the elements of water 
less than yohimbine. The name apo yohimbine is suggested for 
it.f This ready removal of sulphuric acid is evidently inconsistent 
with the view originally expressed that the sulpho-group is attached 
to a benzene ring, but can be easily explained on the assumption 
that an alcoholic hydroxyl group present in yohimbine is esteritied: 
evidence of the probable presence of a hydroxy -group has already 
been given by Spiegel (Chem. Zt(j 1899, 23, HO), who has shown 
that the alkaloid yields an acetyl derivative on prolonged boiling 
with acetyl chloride. This hydroxyl evidently forms an ester with 
sulphuric acid, which, like ethyl hydrogen sulphate, can lose a 
molecule of the acid with the production of an ethylene linking. 
That the formation of wpoynhimbine is accompanied hv the intro- 
duction of such a linking into the molecule is proved by its cata- 
lytic hydrogenation to dihf/flmapnjfohimhinc ( ikoxy-ijohimbini), 
C 22 H 28 0 2 X 2 or C 21 H 26 0 2 X 2 . The compound previously named 
vohimbinesidphonie acid is thus a sulphuric ester, and it is accordingly 
proposed to refer to it henceforth as yohimbine sulphuric ester. 

Owing to the ease with which the methyl attached to the carboxyl 
in yohimbine sulphuric ester is removed by hydrolysis, the conversion 
of this compound into apoyohimbine does not take place quauti- 

* In the course of tins work no evidence lms been obtained which permits 
of a choice betunn the* formula* lor yohimbine of Spiegel {Her., 11*15, 48, 
2084) with 22 carbon atoms and of Fourm-nu and Page {Hull. At i. VhmmcoL 
1914, 21, 7} with 21 carbon atoms. We are now, however, convinced that 
yohimbic acid has 20 carbon atoms. 

| Anhydroyohimbiiie would lead to confusion, sine** Spiegel has nsr<l thr* 
name for yohimbine itself. and subsequently abandoned it. 
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tatively. The two reactions, namely, ( 1 ) the removal of sulphuric 
acid with the formation of opoyohimbine, ( 2 ) the hydrolysis of the 
methyl ester grouping, proceed concurrently, it is proposed to 
name the product of the second reaction anhydroyohi mbic acid 
sulphuric ester , C 20 H 24 O 6 N 2 S, for the reason that it contains the 
elements of water less than the corresponding compound, yohimbic 
acid sulphuric ester , O2 0 H 2 G O 7 X 2 S, which we have now prepared by 
the action of sulphuric acid on yohimbic acid itself. It will be 
recalled that yohimbic acid has the formula C i >qH. {( .0 4 X.2, and thus 
contains the elements of water more than would be expected if 
it, were produced by the simple hydrolytic removal of the methyl 
ester grouping of yohimbine : evidently these elements are retained 
oven after the treatment with concentrated sulphuric acid which is 
necessary for the conversion of yohimbic acid into the sulphuric ester. 

It is remarkable that the sulphuric ester grouping in anhvdro- 
yohimbic acid sulphuric ester is much more stable than that in 
yohimbine sulphuric ester. Prolonged boiling with concentrated 
alcoholic potash, however, removes sulphuric add, with the formation 
of apo yohimbic acid, C, 0 H 22 O 2 X 2 . which on esterification with methyl 
alcohol yields apoyohimbine. Yohimbic acid sulphuric acid under 
similar conditions gives rise to the same acid, thus losing a molecule 
each of sulphuric acid and water. 

The relationship between the various compounds described above 
is shown in the following scheme : 


Yohimbine 

<UW>,X; or 

.. n v>y.- / r 


Yohimbic steid 

C, 0 H iC O,N\ 

f 

| oemr. H,S0 4 

4 

Yohimbic ncid sulphuric ester 
(\ 0 H 2; O ; N 2 S 


\ »1i ini bine sulphuric ester 
( . s lf ;! .0 6 \ 2 S or 0,,H 46 0 6 X 2 S 
' ilii. KOH 


Anhydroyohimbic m id apo ' Yohimbine 

sulphuric ester 

tVH 2J 0 6 X : S or (X.H^O.X, 




apo Yohiinhic arid 

<’ h 0 ,o,x. 
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Dihydroapoyohimbine (= deoxy-yohimbine), prepared by cata- 
lytic reduction, has the hydroxyl group of the original alkaloid 
replaced by hydrogen ; the two remaining oxygen atoms are in the 
carboxyl group. By elimination of this it should be possible to 
obtain an oxygen-free base. The hydroxyl of yohimbine is evidently 
present in a reduced ring, not in a benzene ring. 

Experimental. 

Hydrolysis of Yohimbine. Sulphuric Ester. Formation of apo- 
Yohimbine and Anhydroyohimbic Acid Sulphuric Ester . — Five 
grams of yohimbine sulphuric ester were dissolved in the cold in 
100 c.c. of a 2 per cent, solution of potassium hydroxide. The 
solution was then heated at between 60° and 80° and maintained 
at this temperature for a few minutes, a poYohimbino separated and 
was removed after cooling by repeated extraction with ether, in 
which it is somewhat sparingly soluble. The solution was then 
reheated to 80 s , when a further separation of apoyohimbine took 
place which was again removed by ether. This process was repeated 
until no further precipitation occurred on boiling the solution 
for five minutes. The ethereal extract on evaporation yielded 1*5 
grams of crystalline apoyohimbine. In repeated experiments 
where this procedure was adopted, the yield was found to be almost 
constant, amounting to 30 per cent, of the ester taken. When 
higher concentrations of alkali were used or when boiling was 
continued without removing the opoyohimbinc at intervals as 
described above, the yield was diminished. 

apo Yohimbine crystallises in short, stout prisms melting at 
251 — 252 ; . It is sparingly soluble in methyl or ethyl alcohol, 
benzene, chloroform, acetic acid, or li groin, and moderately soluble 
in ether. The free base is somewhat un>tabk\ becoming coloured 
on exposure to light, or on prolonged heating at 120’. A solution 
in glacial acetic acid acquires a yellowish -green fluorescence on 
standing, it is optically active, having J *| D about -f- 40°, but owing 
to the colour of the solution, the rotation could not be observed with 
very great accuracy. 

The hydrochloride is produced by the addition of hydrochloric 
acid to an alcoholic solution of the base, or of ammonium chloride 
to a solution in dilute acetic acid, it is characterised by its very 
slight solubility in water (1 : 1300 at room temperature) and the 
beautiful, glistening, rhomb-shaped plates which it forms on 
recrystallisation from hot aqueous alcohol, it melts at 299- 3(H)' 
with decomposition (Found : (' 07-93; H 0*79. 

HOI requires C - 08 30; II _ 0’US. C 2l H, 4 0,N 2 , HO requires 
C = 07 05; H = 0*71 per cent.). 
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After removal of opoyohimbine, the mother-liquor yielded on 
acidification with hydrochloric acid 2*5 grams of an amorphous 
precipitate of anhydroyohimbic acid sulphuric ester. It was 
purified by dissolving in ammonia and acidifying the hot dilute 
solution with hydrochloric acid. Radiating prisms separated as 
the solution cooled, 

Anhydroyohimbic acid sulphuric ester is readily soluble in alkalis, 
acetic acid, or aqueous alcohol, but very sparingly soluble in water 
(Found : C = 57*20; H = 5*85, CoqH^O^^ requires C = 57*14; 
H =s 5*71 per cent.). 

Hydrolysis of Anhydroyohimbic Acid Sulphuric Ester. Formation 
of apo Yokimbic Acid. —Five grams of anhydroyohimbic acid 
sulphuric ester were heated for two hours with 15 c.e. of 40 per cent, 
potassium hydroxide in 75 per cent, alcohol. After evaporation 
of the alcohol, the potassium salt of apoyohimbic acid solidified. 
It was dissolved in hot water and the solution acidified strongly 
with hydrochloric acid. A micro -crystal line precipitate of the 
hydrochloride of the acid separated. It was purified by solution 
in ammonia and reprecipitation with hydrochloric acid. " 

apo Yokimbic acid hydrochloride crystallises in rosettes of prisms 
melting at 301 3 with decomposition (Found : C — 66 87 ; H = 6*38. 
C 20 H 22 O 2 No.HOI requires C 6G 04 ; H - 6*41 per cent.). It 
is moderately soluble in hot water, but, owing to hydrolysis of 
the salt, separates as a gel on cooling, and can only be crystallised 
in the presence 1 of a considerable excess <>f hydrochloric add. 

The free acid could not be obtained in a crystalline condition, 
probably owing to its amphoteric nature. Neutralisation of the 
potassium salt with acetic acid produced only an amorphous 
precipitate which was doubtless a mixture of add and acetate. 

hstenjication of apo 1 ohimbic *\cid. — One gram of apovohiinbic 
acid hydrochloride, suspended in 50 c.e. of methyl alcohol, was 
saturated with dry gaseous hydrogen chloride. During this process 
solution gradually took place, and after standing for two hours the 
eder In droehlondo separated. It was identified as qpovohinibine 
hydrouiiui'LcIe by the characteristic form of the crystals, its sparing 
solubility, and its melting point. Further, the free base had 
a melting point of 252 which was not lowered when it was admixed 
with ffpoy oli ini bine. 

Yohimbic. Add Sulphuric Ester and its Hydrolysis.— In the 
preparation of yohimbic acid sulphuric ester in quantity it was 
ournl \ery difficult to prevent the yohimbic acid from forming a 
stiC vv call? into which the sulphuric arid could not penetrate, and 
1 is diifieulty was overcome bv grinding the voliimbie acid with 
hue sand. 
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Ten grams of yohimbic acid were ground in a mortar with twice 
its bulk of sand, 30 c.c. of concentrated sulphuric acid were then 
added, and the grinding was continued until the yohimbic acid had 
dissolved to form a thick, syrupy liquid above the sand. The 
mixture was then poured on icc and the precipitated ester collected 
by the aid of the pump. An almost complete mechanical separation 
from the sand can be effected by stirring and decantation of 
the lighter precipitate from the heavy sand. The last traces of 
yohimbic acid sulphuric ester were finally removed from the sand 
by solution in ammonia and reprccipitation by dilute hydrochloric 
acid after filtration. Yield 9 grains. (In the preparation of large 
quantities of yohimbine sulphuric ester, the same procedure was 
adopted.) 

Yohimbic acid sulphuric ester is best purified by solution in 
ammonia and acidification of the hot solution with dilute hydro- 
chloric acid. It crystallises in fan-shaped clusters of needles, and 
is very sparingly soluble in water and most other neutral solvents, 
and readily soluble in alkalis (Found : C — 54*77 ; H = o*9K. 
CooHogO-XoS requires C = 54*79; H = 5*93 per cent.). 

The hydrolysis was carried out under similar conditions to those 
described above for anhydroyohimbie acid sulphuric ester. The 
acid derived from the hydrolysis was purified as the hydrochloride, 
which melted at 301 , and gave the following results on analysis, 
proving it to be identical with «poyobimbie acid (Found : C — 66 49: 
H = 6*35. C J0 H, 2 O 2 X 2; H(‘l requires C OfWU; H - 0*4 1 per 
cent.). 

Deoxy-yohimbim. Five grains of opovohiinbine were dissolved 
in 100 c.c. of 10 per cent, acetic acid, and reduced by means of 
hydrogen under an excess pressure of one and a half Atmospheres, 
using palladium chloride and a little gum arable as catalyst, 
according to the method described by Skita (Bcr., 1911. 44, 2^05;. 
Slightly more than the theoretical volume of hydrogen for addition 
of two hydrogen atoms was absorbed during the space of about 
four hours. The solution was then made alkaline with ammonia 
and the precipitated base shaken out with ether. After removal 
of the ether, the product was recrystal lised from methyl alcohol, 
and melted ut 200 — 203 . Jhnxy-yohimhim crystallises in long- 
slender prisms which are sparingly soluble in ether, alcohol, or 
ethyl acetate, and is considerably more stable than npoyohimbine. 
showing no tendency to darken on exposure to light or on heating 
at 160" (Found: V 7402: H - 7*56. <UI 2 A N * 

C — 75*00; H 7*93. r^H.^U.AY requires F 74*55; H - < 
per cent.). Like upoyuhiiubine, it gives a sparingly soluble h\ dro 
chloride. 
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The yohimbine employed in this research was partly purchased 
with a grant from the Moray Research Fund of this University, 
and partly presented to us by Messrs. Hoffmann- Laroche, of Basle. 
For both kinds of assistance we wish to record our thanks. 

Department of Medical Chemistry, 

University of Edinburgh. [Received, March 2 9th, 1923.] 


CXVIII . — The Molecular Configurations of Polynuclear 
Aromatic Compounds. Pari III . Diphenyl - 

3 : 5 : 3 7 : & -ietracarboxylic Acid. 

By Harold Burton and James Kenner. 

In the course of a discussion some years ago of Kaufler's formula 
for diphenyl (Kenner, T., 1913, 103, fil8), attention was directed 
to the observation of Ullmann (.Imjwt/cw, 1904, 332. 73) that diphenyl- 
3 : 3'-dicarboxyIic acid does not furnish an anhydride, and thus 
differs from ordinary diphcnic acid. It was pointed out that this 
difference would be evidence against an equivalence of the 3:3'- 
and the 2 : 2'-positions in diphenyl, such as would be involved in 
the formulas (I) and (11) in which the planes of the two benzene 
nuclei are parallel, unless Ullmann *s compound were in reality a 


3 : o'- derivative (111), 'i bis r 

user vat ion a< 

equired greater significance 



^ ; 

s ~co,h 

CUH 

CO.iH 



CO.H 

/ 


' \" 

/ 

\ / 

/' 

~'com 

COJI 


ll.) 

ill.) 

dll.) 


when a second form of tf : li'-diuitrodiphenic acid was discovered 
(Kenner and Stubbing!?, T., 1921, 119, ,393). and became even more 
pertinent when it was sliuwn that the synthetic form of this acid, 
prepared in the same manner as the above 3 : 3'-dicarboxy!ic acid, 


ClUl 

COM 
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'COdi 

COM 

00, li 

COM 
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CO,H 
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(IV.) 


(V.) 
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was probably to be looked on as a irons- acid, with carboxyl groups 
occupying the 2* and G'-positions, if its formula were of the Kaufier 
type (Christie and Kenner, T., 1922, 121, 014). Obviously the 
deficiency thus indicated in the above argument might be repaired 
by an investigation of diphenyl - 3 : 5 : 3' : o -tetracarboxyiie acid (IV), 
This acid was therefore synthesised by the usual process, which i$ 
represented by the following scheme : 


CO„Mc 

/~\ T 

\_/ 1 

CO.iMe 


CO*Me CO., Me CO^H CO„H 

/“\ ./“V_ /”\_/ "V 

\_/ _ \_/ \_/ \„/ 

CO. Me "CO., Me CO.,H 00,11 


The acid was not converted into an anhydride by boiling with acetic 
anhydride, but was recovered unchanged. 

This result was obtained two years ago, and is now published in 
view of the appearance of a paper dealing with the configuration of 
benzidine (Adams, Bullock, and Wilson, J. Amer. Chem. Soc 
1923, 45, 521), in which reference is made to the non-formation of 
an anhydride from diphcnyl-3 : T-dicarnoxylic acid as evidence 
against Kauflers formula in the ease of this compound, but without 
mention of the possibility above explained. Publication bail been 
previously withheld, because further work became desirable when 
other experiments performed in this laboratory by Mr. W. \ . 
Stubbings showed that failure to obtain an anhydride from the above 
tetracarboxyiie acid is not such decisive evidence against the 
Kaufier formula as it would at first sight appear to be. It could only 
be so if diphenyl-2 : 6 : 2' : (V -tetracarboxyiie acid (V) should 
furnish an anhydride in the same manner as diphenic acid docs. 
The results of Mr. .Stubbings *s work, however, were in agreement 
with the observations of Mayer (B<r., 1913, 46, 2298), who was 
unable to prepare an anhydride from this tetracarboxyiie acid. A 
further point of difference between this acid and diphenic acid is 
seen in the fact that the chloride of the tetracarboxyiie acid is easily 
obtained by the usual means, whereas attempts to prepare that of 
diphenic acid usually result in formation of the anhydride, llus 
observation is not an isolated one, for Schmidt was similarly unable 
to prepare the anhydride of 4 : 4'-t.Iinit rofliplunite acid {Bcr., 199 * 1 , 
36, 3743). It is hoped to return to this point in the near future, 
and it is clear that the diphenyltetraearboxylie acids require further 
examination. 

E XPERI M E X T A L. 

m-Iodowophthalic acid was prepared according to the direction* 
of Grahl ( Ber. } 1895, 28, 85). Its methyl ester forms small needles, 
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m. p. 104 — 105°, whilst the ethyl ester consists of small prisms, ra.p. 
70° (Found : 0 = 40*93 ; H — 3*45. C 12 H 1;J 0 4 I requires C — 41*38 ; 
H ^ 3*73 per cent.). 

J)iph enyl-3 : 5 : 3' : o -Idracarboxylic Acid. — The methyl and ethyl 
esters were prepared by gradual addition of copper powder to an 
equal weight of the corresponding esters of UMndortophthalic acid 
at 220°, and finally heating the w'hole at 250 \ This is necessary 
because the meta-orientation of the carbalkyloxy-groups with 
respect to the iodine atom appreciably diminishes the reactivity of 
the latter. After extraction with benzene, and further crystallis- 
ation from this solvent, the methyl ester was obtained in prisms, 
m. p. 209°, whilst the ethyl ester formed minute prisms, m. p. 
140—147° (Found : C - 05*36 ; H = 5*9 5. requires 

0 = 05*10; H = 5-88 per cent.). 

The acid, prepared from tiie esters by alkaline hydrolysis, was 
insoluble in the ordinary solvents, but separated after dilution of 
its solution in concentrated sulphuric acid in microscopic prisms, 
which melted above 300 [Found : 0 — 57 72 ; H — 3 45 ; equivalent 
— 81*5. C 12 ilg(C0 2 H) 4 requires 0 ~ 58*18: H = 3*03 per cent.; 
equivalent — 82'5], 

The chloride crystallised from benzene in small prisms, m. p. 
128°. The amide, prepared from the chloride, formed very small 
needles, melting above 300‘, and sparingly soluble in the usual 
solvents (Found: X — 17*08. C 1G I1 11 0. 1 X J requires X = 17*17 
per cent.). The sparingly soluble anHid< formed small prisms, 
which blackened without melting at 2MJ : (Found: X — 8*84. 
(.^HgaO.jXj requires X -- S*S8 per cent.). 

When the acid (2*5 grains, equivalent 81 5) was boiled for ten 
hours with acetic anhydride (50 e.c.), it was recovered (equivalent = 
■81'6) after allowing tin* mixture to coo!, collecting the solid material, 
thoroughly washing it with dry benzene, and drying it at 120°. 

One of us (H. !>.) expresses grateful acknowledgment of a grant 
from the Sclent ilie and Industrial Research Committee which 
enabled him to participate in this work. 

The University, Siikituxh. 7,'- >’< 7-7. Man h 1 4?A , 1 02 3. j 
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CXIX . — The Interaction of Hijdrogen Sulphide , 
Thiocyct nogen, and Thiocf/anic Acid with Un* 
saturated Compounds. 

By Frederick. Challenger, Alan Lawrence Smith, and 
Frederic James Baton. 


The additive products obtained from two molecules of carvone 
or carvotanacetonc and one of hydrogen sulphide in alcoholic 
ammoniacal solution have been investigated by a number of chemists 
without the exact constitutions having been determined. 


From the fact that carvone hydrosulphide does not react with 
phenylhydrazine * or semicarbazidc, Harries and Stirm {Ber., 1901. 
34, 1931) suggested the constitution (I). Wallach (“ Terpen e umj 
Campher,” 1909, p. 63), owing to the behaviour of many <±-unsalur- 
ated ketones on reduction, including carvone which gives dicarvelone 
(II), prefers the constitution (III)* 

This type of structure is supported by the work of Steele (P., 1911, 
27, 240), who showed that the hydrosulphide reads with hydrogen 
cyanide, giving an unsaturated dinitrile containing four double 
bonds, two of which arise by elimination of water from the dieyano- 
hydrin. He suggested the formula (1\ ) 


CH,:CMc‘CH< 


CH.- CH m , Mc CMo ,_ CH— 

01 1 ./(.'(OH )— — s <■’•(< >H )CH S 


f'H vu,.OH< tH -‘ t() >CHM.> CH.Mc< C0 1 ll ^>OH-OM,m 

— nt-oH, 

iii. i 

(111.) 


CHrCH 8 CH*CH> 

CH i :CMc-CH< CH -. (;0 >OHMc 


(IV.) 


ch 2 *ch- ~ --- - TT/im , 

CHMe 2 *CH< ( , H . C0 >CHMe CHMi< ( 0 . cH< > l IKHMl ‘ 2 
(V.) 


-CH-CH, 


As the formula of Harries and St inn contain?* four double bomb, ^ 
the Wallach-vSteele structures only two, it appeared probable tat 
Carvone al>0 is statH to inert toward j.lienylt.ydra/mr ^ 

Diatti, fitnzrffri, 1022, 52. i». 333*. 
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titration of the hydrosulphide with bromine in chloroform solution 
at, -~15° would afford decisive evidence. 

The results we obtained clearly indicated the presence of two 
double linkings only. This was confirmed by the isolation and 
analysis of carvone hydrosulphide tetrabromide , which melts and 
decomposes at 110 — 115°.* 

When ^-carvotanacetone hydrosulphide f (m. p. 205—207°) was 
treated with bromine at —15", no decoloration took place. This 
behaviour is strong evidence that constitutions IV and V should be 
assigned to the two hydrosuiphides. 

After our work was concluded, we found that according to Ziem 
(Diss., Leipzig, 1912, p. 19) carvone hydrosulphide reacts with four 
atoms of bromine ; a crystalline bromide was, however, not isolated. 
Experimental details are not given, and the work does not appear 
in the main communication of Deusscn and Ziem {J. pr Chem 
1914, [ii], 90, 318). 

Formula (III) is also in agreement with our results, but in 
view of the general behaviour of x!2-unsaturated ketones towards 
ammonia, hydroxyjaminc, and sodium hydrogen sulphite, the 
negative sulphur atom must be regarded as attached to the (3-carbon 
atom. 

Attempts to prepare an oxime or a methyl iodide additive product 
from the two hydrosuiphides were unsuccessful, hydrogen sulphide 
being liberated. With zinc and acetic or hydrochloric acid, hydrogen 
sulphide was eliminated from carvone hydrosulphide even in the 
cold, and with zinc dust and ammonium chloride on heating 
Hydrogen in presence of colloidal palladium failed to react with an 
ethyl acetate solution. 

j'soThujonc, prepared according to Wallaces method (Annakn, 
1895, 286, 102; 1915, 408. 1G4), and therefore containing traces 
of carvotanacctono, gave a very small amount of solid product, 
but the bulk of the ketone did not react with alcoholic ammonium 
sulphide. Carvenone behaved similarly. Phenyl ^-methvlstynd 
btonc, C.MePKCH-COPh, readily reacted, probable giving a 
mixture of compounds analogous to those obtained' bv Fromm 
[ 1111 2, o94, ilihvdroearvone, totrahydrooarvone. 


r ” b " y Il “ t ,,1W impound is in reality a partial substitution 
LilH ' f0r exnm I )lc ’ dihminocarvnne hydrosulphide dil.vdrobromide, 

TT hmmine'of carvotan- 

: + j, r > u °sulplude, where substitution might equally be exported. 

U IrnZT?™? 01 ' 0 "'** J,r ° I>,lrod h - v hoihn S thujone for several days 
bion^ IOnating ’ aml CoIl0ctin ? between 222 and 232 . Much 
|h u j 0Jie tansv rCS -, n0US 1Uattcr was observed. If. instead of isolating pure 
place m ^ 0l i tr en-trd. the conversion to enrvotanaeetone 

P ec more slowly (compare Semmler, Her., 18U4, 27, $95). 
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pulegone, thujaketone, methylheptenone, pinene, limonene, araylcno, 
tcrpineol, t-sosafrole, anethole, and cinnamic acid did not react. 

It may be mentioned that in the absence of ammonia or other 
base carvone hydrosulphide docs not appear to be formed.* Fromm 
(loc. cit.) on the other hand, describes compounds formed by 
simultaneous addition of both ammonia and hydrogen sulphide to 
benzylideneacetone. Experiments are now in progress with a vie^v 
to determine (a) why so many a (3-un saturated ketones do not com- 
bine with hydrogen sulphidr, (b) the part played by the ammonia 
in the reaction. In connexion with another research, our attention 
was directed to the properties of thiocyanogen, and it appeared 
possible that, by studying the reactions of this radicle with unsatur- 
ated compounds, results might be obtained which would not be 
without some bearing on the behaviour of hydrogen sulphide. 

The reactions of thiocyanogen described by Soderback (Attwtkn, 
1019, 419, 217) may be divided into two main classes. In one type 
of reaction, the radicle combines directly with metals such as iron, 
mercury, and cadmium, to form the respective thiocyanates, or widi 
cuprous thiocyanate, giving rise to the cupric salt. The second type 
of reaction is a substitution, since with aniline, dimethvlaniline, and 
phenol the corresponding p-thiocyano-derivafivcs and thiocyanic 
acid are formed. With mercury diphenyl, cue aryl group is 
eliminated as phenyl thiocyanate anti mercury phenyl thiocyanate 
produced. In these and most of its reactions, thiocyanogen exhibits 
a close relation to the halogens. The direct addition of t hio cyanogen 
to organic compounds is not described by Soderback or seemingly by 
any later worker. Challenger and Wilkinson (T., 1922, 121. 101) 
have shown that triphenylhismuthine dithiocyanate, Ph 3 13i(SCX) 2 , 
cannot be isolated from the interaction of thiocyanogen and the 
bismuthine. An attempt to prepare this substance from triphenyl- 
bismuthine diehloride and lead thiocyanate also failed, the products 
in each case being dijdienylthioeyanobismuthine and phenyl thio- 
cyanate. Similar results were obtained with tri-a-naphthylbb- 
muthine and its diehloride. 

These reactions further illustrate the analogy between thin- 
cyanogen and iodine which was tirst referred to by Soderback [loc. 
cit.). Since di-iodides of tertiary aromatic stibincs (Annahn, 1886, 
233, 51) and arsines (ibid., 1902, 321. 203) arc known, whilst tertiary 
bismuthine di-iodides do licit exist, it appeared probable that stable 
additive products might be obtained from thiueyanogen and tertiary 
stibines, arsines, and possibly phosphines. Although such com- 

* The hydros'll phide h funned, however, by passing hydrogen flul pldde 
into an alcoholic solution of earvone containing solid anhydrous sodium 
carbonate. 
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pounds might be expected to have little tendency to lose aryl 
thiocyanate, owing to the relative stability of derivatives of quinque- 
valent antimony, arsenic, and phosphorus, their susceptibility 
towards hydrolysing agents appeared very probable. Tri phony Iarsinc 
dichloride, for example, is readily converted by atmospheric moisture 
into the hydroxychloride (Michaelis, Anvalen, 11J02, 321, 162), 
whilst triphenylarsine cya nobromide, (C 6 H 5 ) 3 As(CN)Br, similarly 
yields triphenylarsine hydroxybromide (Steinkopf and Sehwen, Ber 
1921, 54, [B], 2791 ). XTiphenylphosphinc cyanobromide is even more 
sensitive to moisture, being converted into triphenylphosphine oxide, 
both negative groups being hydrolysed, unless special precautions 
are observed (Steinkopf and Buchheim, ibid. , p. 1024). 

The results now to be described arc in agreement with these 
expectations. With an ethereal solution of thiocyanogen, tri- 
phenylstibine yields triphenyht ibin e d ith iocya nate, (G 6 H 5 ) 3 Sb(SCN)j. 
m. p. 105 — 106°, but no phenyl thiocyanate. On boiling with water, 
this is converted into the hydroxy thiocyanate, (O r H-) 3 8b(OH) , SCN, 
m. p. 228°. A mixture of the dilhiocyanate with a small amount 
of this hydroxy-derivative is obtained from triphenylstibine 
dicliloriclc and lead thiocyanate in dry benzene. This reaction 
and the fact that the dilhiocyanate on boiling with alcoholic silver 
nitrate is converted into triphenylstibine hydroxynitrate prove the 
thiocyano-groups to be attached to antimony and not to the benzene 
nucleus. 

A compound, (C (i lf 5 ) s Sb,2H.8('X, which would give very similar 
analytical results, might be expected to yield triphenylstibine under 
these conditions. Such an additive product could only be produced 
in the reactions just described if relatively large amounts of water 
were present, whereas dry solvents were used. This conclusion is 
further strengthened by the fact that triphenylstibine and tri- 
plienylarsinc are both recovered unchanged from ethereal solutions 
of thiocyanie acid, prepared by Klasoii's method (J. pr. Chau.. 1887, 
[ii], 35, 407). 

The behaviour of triphenylarsine towards an ethereal solution 
of thiocyanogen differs from that of triphenylstibine in that a 
dithiocyanate is not obtained. The product is triphenylarsine 
hydroxy thiocyanate, m. p. 110", which is also obtained when either 
triphenylarsine dichloride or hydroxychloride is shaken with dry 
lead thiocyanate in dry benzene. Its production is probably due 
to the action of traces of moisture on the unknown ditliiocyanate. 
At is interesting to notice in this connexion that triphenylarsine 
dichloride is much more susceptible to moisture than the corre- 
sponding stibine derivative. 

An the case of triphenylphosphine ami thiocyanogen, it was 
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expected that triphenylphosphine oxide would be produced from the 
action of traces of moisture on the, presumably very reactive, 
triphenylphosphine dithiocyanate. With ethereal solutions of 
thiocyanogen or of thiocyanic acid, the product was, however, 
triphenylphosphine sulphide {Annalen, 1885, 229, 307). This 
reaction recalls the production of triphenylphosphine sulphide and 
oxide from triphenylphosphinephenylimine and carbon disulphide 
and phenyl carbimide, respectively : 

Ph 3 KNPh + CS 2 = Ph 3 PS + SIOTPh 
Ph a P:NPh + 0:c:NPh = Ph 3 PO + C(NPh) 2 
(Staudinger and Hauser. Helv. Ghim. Ada, 1921, 4, 866, 871). 
With triphenylbismuthinc and thiocyanic acid, the reaction differs 
from that with thiocyanogen, since benzene, diphenylthiocyano- 
bismuthine (Challenger and Wilkinson, loc . cit.) f and probably 
phenyldithiocyanobismuthinc are produced, but no phenyl thio- 
cyanate. 

Some difficulty was experienced during the estimation of nitrogen 
in the thiocyano-derivatives of triphenvlstibinc and triphcnylarsinr 
by the Dumas method, even when half the copper oxide was replaced 
by lead chromate. In the case of triphenylstibine dithiocyanatc, 
if the combustion was carried out at the usual rate, very high and 
varying results were obtained, for example, 8*8 and 11*0 instead of 
6 0 per cent. In one case, the gas (which had a sweet odour) was 
exploded with oxygen, when a diminution in volume of about 7 a 
per cent, occurred. Since carbon oxysulphido, which might con- 
ceivably be produced during the combustion, would almost certainly 
have disappeared on long standing in contact with potassium 
hydroxide (Stock and Kuss, tier., 1917. 50, 100), the impurity was 
probably carbon monoxide, methane, or ethylene. Nitric oxide was 
absent . By very slow and caut ious cum bust ion at a high temperature 
normal results were obtained. 

The behaviour of these thiocyanates resembles that of aconitine, 
which was found by Dunstan and Carr (P., 1890, 12, 48) to give high 
results for nitrogen unless the combustion were carried out very 
slowly. This they attributed to the formation of met bane, which was 
also responsible for the abnormal nitrogen figures observed by Haa> 
(T., 1906, 59, 570) with various bases obtained from dimethyldi- 
hydroresorcinol and aromatic primary amines and diamines. Similar 
results are described by Guaresehi (Alti Ji. Accad . Sci. Torino, 1907, 
42, 79) and by Davis (P., 22, 81, discussion). 

K X P E R I M K X T A L. 

Action of Halogen* on Carvoin Ilytlrwulphidc. — When chlorine 
(4 atoms), dissolved in chloroform, was added to a similar solution 
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of the hydrosulphide at 20°, hydrogen chloride was evolved. The 
product contained chlorine and sulphur, but did not crystallise, and 
was probably a mixture. With excess of chlorine and less careful 
cooling, hydrogen sulphide was eliminated. In chloroform at room 
temperature, bromine decomposed the hydrosulphide, hydrogen 
bromide, hydrogen sulphide, and sulphur bromide being formed. 
Iodine and its monochloride and monobromide gradually gave 
hydrogen sulphide in the cold. The same result was obtained with 
dry hydrogen chloride in glacial acetic acid. 

Analysis of ike Hydrosulphide . — A cold, dilute solution of bromine 
in chloroform was run slowly from a burette into a similar solution 
of carvonc hydrosulphide at —15", until a faint permanent red 
colour was produced. Excess of bromine was estimated with 
sodium thiosulphate solution (0*2497 gram of hydrosulphide absorbed 
430, 4*25, 400 c.c. of bromine solution. Two double linkings 
require 4 65 c.c.). On addition of more bromine at — 15\ the colour 
was only very slowly discharged, hydrogen bromide and sulphide 
being evolved. 

Isolation of the Tetrabro/nidc .— Ca r von e hydrosulphide (4*49 grams) 
in 150 c.c. of chloroform was treated with 4*3 grams of bromine in 
160 c.c. of chloroform at —15 s . An equal volume of light petroleum 
was then added, when a white solid was deposited. This was 
washed with light petroleum and purified uy solution in cold chloro- 
form and rcprccipitation as before (Found: Br ~ 48*51, 48*70; 
S = 4*92, 4*92. t\oH 3 o0 2 Br 4 lS requires Br = 48*87 ; S = 4 88 per 
cent.). The tetrabromide melts and decomposes at 110 — 115 c , 

Action of Hydroxylaminc on Carvont Hydrosulphidc . — The hydro- 
sulphide (12 grams), hydroxylaminc hydrochloride (5 grams), and 
methyl alcohol (40 c.c.) were left for thirty-six hours at room temper- 
ature, when hydrogen sulphide was evolved ; the mixture was poured 
into water and the precipitate crystallised from alcohol. It con- 
sisted of carvone hydrosulphide (in. p. 214' : nitrogen tost negative) 
and a small quantity of earvoxime (m. p. 72 *).* On passing hydro- 
gen sulphide into an ammoniacal alcoholic solution of earvoxime, a 
small quantity of carvone hydrosulphidc and much unchanged 
oxime were obtained. 

When the hydrosulphidc was heated at 100* for several hours with 
a concentrated solution of sodium hydrogen sulphite, it was 
unchanged. 

Action of Mercuric Chloride and Other Hi agents on Carvone Hydro- 
sulphide . — The hydrosulphidc in chloroform was treated with an 

* I)uplobenzyUiUneacotoiH« mono- and di-sulphides an* eon verted by 
plienylltydrazino into tomzybdenearL'tonepheiijUivdiazone and hydrogen 
sulphide (Fromm, Anndrn, l!»U, 394, 300). 
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ethereal solution of mercuric chloride. A yellow solid was prccipi. 
tated which was free from organic matter and with sulphuric and 
hydrochloric acids gave hydrogen chloride and hydrogen sulphide, 
respectively, and was probably the double compound 2HgS,HgCl 2 .* 
The filtrate gave an oil which appeared to be carvone, but was not 
further examined. 

The hydrosulphide is unchanged after several hours’ contact 
with cold acetic anhydride. With glacial acetic acid, some hydrogen 
sulphide is slowly evolved, but the bulk of the product is not altered 
after several days. 

Tkiocyanogen and Tr ipke nylstibinc. — Triphenylstibine {5 grams) 
was dissolved in 72 c.c. of a solution prepared from 7*5 grams of lead 
thiocyanate, 3 grams of bromine, and 100 c.c. of dry ether. After 
five hours, light petroleum was added, when white crystals (m, p. 
100°) were deposited. On recrystallisation from alcohol, these 
melted at 10.5 — 106° (Found: N = 5*76, 5*86, G*1S; S = 1363, 
13*95. f C 20 H 15 N 2 S 2 Sb requires X — 5*99; S — 13*66 per cent.). 
The ethereal solution yielded only polymerised thiocyanogen and 
some unchanged stibine. 

Triphenylstibine dithiocyanate forms broad, white needles which 
dissolve easily in most organic solvents except light petroleum. 
When heated at about 250°, it decomposes, giving an odour of 
phenyl thiocyanate. 

Triphenylstibine Dichloride and Lead Thiocyanate. — The dichloridc 
(5*8 grams) was shaken with 44 grams of lead thiocyanate and 30 c.c. 
of dry benzene for eight hours, the solid separated, and washed with 
dry benzene and cold acetone. The filtrate was treated with light 
petroleum, yielding a white solid, m. p. 221 — 225°. On rccrystalli- 
sation from benzene and light petroleum, this melted at 227 — 22b c 
(Found : X — 2*90; 8 — 7*81. C 19 LI ls OX8$b requires X — 3-8; 
S = 7*51 per cent.). 

Triphenylstibine hydroxythiocyanate is readily soluble in most 
organic solvents except light petroleum. With excess of an ethereal 
solution of thiocyanic acid, it yields the dithioeyanate. 

The original benzene solution was concentrated slightly and 
treated with more light petroleum, when three crops of crystals, 
m. p. 105 3 , were obtained. These were free from halogen and on 
recrystallisation did not depress the m, p. of triphenylstibine 

* The thiodigalnetosr which is obtained lr, tin- inT. rai lion of nrctylbroino- 
d-galactose and potassium sulphide and subs, fjuriu hydrolysis with ructiijv 
alcoholic ammonia, and contains tin* grouping >S , yields this compound with 
mercuric chloride (Schneider and Brother, JJ* r., lltlU, 52, 2 US). 

t Some of these analyses were performed with tho product obtained from 
the dichloride and lead thiocyanate (above). Tho sulphur was estimated b> 
the Ctti ius method, the precipitated antimome arid bring carefully separated. 
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dithiocyanatc (105 — 10G°) obtained by means of thiocyanogen (p. 
1052). When the dithiocyanatc was boiled with water for eight hours, 
the aqueous liquor contained thiocyanic acid. The solid {m . p. 225°) 
on recrystallisation from acetone and light petroleum melted at 
228° and did not depress the m. p. of triphenyistibine hydroxythio- 
cyanate. 

A product containing sulphur and melting at 221°, which was 
almost certainly the hydroxythiocyanate, was isolated from the 
reaction of triphenyistibine hydroxychloride and lead thiocyanate 
in cold dry benzene. The quantity was insufficient for further 
purification. 

Thiocyanogen and Triphenylarsine . — Triphenylarsine (8 grains) 
was dissolved in 130 c.c. of a solution of thiocyanogen (2 mols.) 
prepared from 11 '25 grams of lead thiocyanate, 4*5 grams of bromine, 
and 150 c.c. of dry ether. A pale yellow solid (m. p. 91°; 5 grams) 
was deposited. On extraction with benzene, precipitation with 
ether, and crystallisation from a mixture of acetone and light 
petroleum, polymerised thiocyanogen was removed and colourless 
crystals were finally obtained, m. p. 1 Itr (decomp.) (Found: 
X = 3‘37 ; S — 8*32, 8*02. (J 19 H I6 OXSAs requires N = 3*07; 
8 ~ 8*39 per cent.). 

Triphenylarsine hydroxyth iocyanate dissolves readily in most 
organic solvents except light petroleum. It instantly reacts with 
warm alcoholic silver nitrate, giving silver thiocyanate. At its 
m. p., it decomposes vigorously, evolving ammonia and an odour of 
phenyl thiocyanate. On further heating, a liquid distils which 
solidifies on cooling and crystallises from alcohol in long, glistening 
needles which melt at lb2° and do not depress the m. p. of triphenyl- 
arsine sulphide (Philips, Ber. t 188b, 19, 1932). Traces of this sub- 
stance were also found in the mother-liquors obtained on repeated 
crystallisation of the hydroxythiocyanate. 

Triphenylarsine Dichloride and Lead Thiocyanate.— The dichloride 
(2 grams, 1 mol.) and lead thiocyanate (2*5 grams, To mols.) were 
shaken with 25 c.c. of dry benzene. The mixture rapidly became 
red, a brown oil, which became a crystalline solid, being deposited. 
After forty minutes, this was separated and washed with light 
petroleum. The residue (3*4 grams) was extracted with acetone, 
which finally deposited colourless crystals, m. p. 110% which did not 
depress the in. p. of triphenylarsine hydroxythiocyanate (above). 
About 0*15 gram of triphenylarsine, m. p. 5b — bo 0 ,* was obtained 
Erom the petroleum washings and the original benzene solution. 

lhia small amount of ursine may possibly Imvr Uvn present in the 
original diehloride which, owing to its hvirrosropu- untim* and tendency to 
luim the hydroxy chloride, was not rocrystalbsod. I’uiv siHrimens of hi- 
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Triphenylarsine Ilydroxychloride and Lead Thiocyanate.— ’[% 
hydroxychloride (m. p. 171°; 4 grams) was shaken for thirteen 
hours with excess of lead thiocyanate and benzene, a pink colour 
being at once produced. The mixture was then filtered. The 
residue on extraction with acetone gave a deep red solution which, 
with light petroleum, deposited (a) a small amount of a yellow 
substance of high m. p. and (6) white crystals, m. p. 110" after 
recrystal lisat ion from acetone-light petroleum. These did not 
depress the m. p. of triphenyl arsine hydroxy thiocyanate prepared 
from thiocyanogen (p. 1053). 

The benzene filtrate, when treated with light petroleum, deposited 
a solid (m. p. 148—140°) containing sulphur and nitrogen but u () 
halogen. On recrystallisation, this behaved as a mixture, but no 
definite compound could be isolated. 

Thiocyank Acid and Triphenylhbmufhim'.—When the bismuthinp 
(4 4 grams) was treated with thioevanie acid (about 2*o grams) in 
ether (20 e.c.), it gradually dissolved. An oil was deposited (W 
grams) which quickly crystallised, melted sharply at 12, To 0 , did not 
depress the m. p. of diphcnylthiocyanobisinuthino, and possessed 
all the properties of this substance. After live days, the filtrate 
deposited 1*2 grams of a yellow, crystalline solid which became red 
at 176° and melted at 18,1 — ISO . This was insoluble in benzene 
or ether, and appeared to bo decomjmsed by hot alcohol or acetone, 
It probably consisted of phenyldithiocyanobismuthine. With 
concentrated hydrochloric acid, it evolved benzene, indicating the 
presence of a phenyl derivative of tcrvalcnt bismuth. No phenyl 
thiocyanate was isolated, and even its odour could not be detected 
with certainty. Only traces could j>ossibly have been present. 

Ac/iO/i of Thiocyank Acid and of Thiocyanogen on Triphemjl 
phosphine -Two grams of the phosphine were dissolved in 20 c.c. 
of an ethereal solution containing about 2 .1 grams of thioevanie 
acid. After about a month, the ether was removed at the ordinary 
temperature, and the solid residue drained on a tile and crystallised 
from alcohol. Some unchanged phosphine was recovered, but the 
mother-liquors yielded colourless needles which contained sulphur 
but no nitrogen and melted at 1 As . They did not depress the m. p. 
of a specimen of triphenylphosphine sulphide or of the jtroduet 
obtained by the use of thiocyanogen (see below). No phenyl 
thiocyanate was produced. 

phenylarsme djehlorid*- an- Mated m sinter as los and melt at -U4 --tU*- 
Our specimen exhibited t his. profxrty and was eonsiderod rtiiHiciently purt’, 
the sintering being at first attributed to the oiw t ul decomposition fu (bloro- 
beuzenc and diplanyh hlnrnarsinr, whirls is known In occur at .100 t Mi' baelb - . 
Annul' a. I at 12, 321, !*JJ; Kusmhcim and Jidcvki, ttu.. 1913, 46, ^4 
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In the reaction with thioeyanogen 3 grama of the phosphine in 
.>0 CtC . of dry ether were treated with 92 c.c. of a similar solution 
containing 2'8 grams (2*2 mols.) of thioeyanogen. A red oil, which 
soon solidified, was immediately precipitated, followed almost at 
once by the usual yellow polymeride, which, however, was produced 
much sooner than in any other reaction we have studied. The 
viscous solid was separated and repeatedly extracted with cold dry 
benzene and the combined extracts were evaporated in a stream of 
dry carbon dioxide. The residue was triphenyiphosphine sulphide, 
and a further quantity was obtained by similar treatment of the 
filtered ethereal solution. 

Interaction of Thioeyanogen and Thiocyanic Acid v:ilk Other 
V maturated t'ompou ndx. 

Thioeyanogen Amylene (trimethylethy)ene) in ethereal solution 
(fives an oil which is volatile with steam. This is a thiocyanate, 
since with alcoholic potassium hydrosulphide a mercaptan and 
potassium thiocyanate are produced Itonzylideneacctone readily 
yields a yellow, crystalline, saturated substance, m. p. 118 — 120°, 
containing nitrogen and sulphur. Carvone and ethyl cinnamate 
give extremely poor yields of well-crystallised compounds, m. p. 
251 ° and 153 °, both containing nitrogen and sulphur. 

Thiocyanic Jc<W.— Mhnene reacts with an ethereal solution of 
thiocyanic acid, giving a substance, m. p. 92\ containing nitrogen 
and sulphur. The investigation of these compounds is being 
continued. 

Host of the expenses of this investigation have been defrayed by 
a grant from the Research Fund Fommittee of the Chemical Society, 
for which the authors desire to express their thanks, 

The University*, The *' Levinstein “ Laboratory, 

Eiigbaston, Birmingham. Tin: University. Manchester. 

!t«riird, Morch 14th. 1923.] 


CXX . — Studies on the Dolomite System. Part L 
The Xature of Dolomite. 

By Allan Krxest Mitohell. 

Dolomite has always been regarded by mineralogists as a com- 
pound of the composition Faf0 3 .MgFOj. but some doubt as to the 
accuracy of this view has been expressed by Npnngonberg (/,. 
A njat, Min., 1914, 52, 529), who, fixmi the results of his invest ig- 
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ations on its synthesis, puts forward the idea that dolomite is 
not necessarily a compound, but is a solid solution of calcite and 
magnesite. He places the limits of miscibility between the pro- 
portions CaC0 3 ,2MgC0 3 and MgC0 3 ,2CaC0 3 , so that normal 
dolomite would be an equimolecular solid solution, and any 
naturally occurring dolomites departing appreciably from this 
proportion would be due to changes in the composition and not 
necessarily to admixture of accidental impurities. The substances 
prepared by him, however, have physical properties which do not 
correspond with normal dolomite and his results in general leave 
much doubt as to the actual nature of the products he obtained ; 
it seems more than probable that his substances were mixtures of 
vaterite (modification of calcite plus immeshed aragonite) and 
magnesite, or aragonite and magnesite. It is necessary, therefore, 
that some investigation of the actual individuality of dolomite 
should be made. 

If we consider the analyses of various samples of dolomite from 
different parts of the world (l)oelter, “ Handbuch der Mineral- 
chemie/' Bd. 1. 361, etc.), we shall readily see that so far as the 
natural product is concerned it does not depart appreciably from 
equi molecular proportions. Dolomite occurs in various parts of 
the world under different conditions, and it seems very hard to 
imagine that if the formation is one of solid solution the practically 
cquimolecular mixture would occur in every ease, unless the misci- 
bility is only very limited, and certainly not as wide as that 
asserted by Spangenberg. 

In order to gel an idea as to the individuality of the substance, 
it became necessary first of all to determine its relative stability 
with respect to the other two members of t lie rhombohedral cai- 
bonates, calcite and magnesite, and since by the application of 
the Xornst heat theorem we are able to get a fairly accurate state- 
ment of the connexion between heat of formation, temperature, 
and dissociation pressure of a compound, the most fruitful line of 
attack seemed to be in a comparison of the thermal dissociation 
pressures of the three substances. In order, then, that the.-e 
dissociation pressure relationships could be correlated, it 
essential that we should have a knowledge of the specific heats 
and the heats of formation of all the reactants involved, and this 
necessitated the determination of the specilie heats of magnesite 
and of the decomposition product of dolomite, and the luats o 
formation of dolomite and of its decomposition product. 

Kallauner {Chan. Zty., 1613. 37, 1317), who has made measure- 
meats of the thermal dissociation of dolomite, concludes that- 
substance is split into its components, calcium carbonate afl 
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magnesium carbonate, at 500 3 . The degree of this decomposition 
reaches a maximum at 700°, the liberated magnesium carbonate 
dissociating to give carbon dioxide. Dissociation of the residual 
calcium carbonate begins at 875° and reaches a maximum at 900°. 

Johnston {J. Amcr. Chem, Hoc., 1910, 32, 033) has made measure- 
ments of the thermal dissociation of caJeite, and has shown from 
his measurements that the relationship between dissociation 
pressure and temperature is represented by the equation 
log j) = - 9340/T -f H log T - 0-0012 T 4- 8-882, 
where p pressure in atmospheres and T - absolute temperature. 


E x peri m e \ r A L. 

Tlie materials required for these investigations offered some 
considerable difficulties owing to the necessity of employing natural 
magnesite and dolomite. Oaleito can he easily prepared in the 
laboratory and the ordinary analytical reagent is sufficiently pure 
for the purpose. The supply of the other two is rendered difficult 
owing to natural conditions, since it is practically impossible to 
obtain natural minerals which are free of iron oxides and silica. 
After a search which necessitated an examination of samples from 
various parts of the world, two separate samples of dolomite were 
obtained which were of sufficient purity. These were respectively 
from Algeria and ‘Binnental (Switzerland). Although they were 
not pure, they were the best that could he hoped for from a natural 
product. Their analyses are given Mow. 

The only sufficiently pure magnesite obtainable was a sample 
of dear, colourless, rhom boiled ra l mineral from the Greiner region 
of the Tyrol. Owing tu the fact that it occurred in a chlorite 
schist it was very hard to get it free from iron oxide, but after 
careful hand-picking under a microscope a suitable sample was 
obtained. 





iVO. 

,SiO.. 

Algerian dolomite 

:m:u 

'-I'til 

o-7"» 

010 

Binnental dolomite 

."UNO 

21-21 

trace 

t race 

-Normal dolomite 

;{o4X 

2i:2 


— 

Ureiner magnesite (lian»l-| 

mrked) 2*2 

•r.l-s* 

1-87 

0-00 


The samples for treatment were crushed to pass a 20-mesh sieve, 
and then hand-picked under a microscope until no fragments 
containing visible inclusions were left. The balance was crushed 
in an agate mortar until it passed a 120-mesh sieve. 

Preliminary investigations were made in which the carbonate, 
enclosed in a platinum capsule, was heated in a transparent silica 
tube connected by stout rubber pressure tubing to a mercury 
manometer. The system was evacuated ami the carbonate heated 
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by placing the silica tube in an electric furnace, but it was foum] 
to be impossible to obtain reproducible results. This was found 
to be due to (1) leakage through the rubber connecting tube. This 
was at the most very small and by no means so great as (2) leakage 
through the silica tube due to devitrification induced by the reac- 
tion of the silica and small traces of the carbonates which always 
escaped from the platinum no matter how carefully the tube was 
exhausted. The crystalline silicates formed on the surface of the 
silica glass by this reaction ap|K*ar to have served as nuclei for tin* 
formation of quartz crystals, as was shown by microscopical 
examination of the tubes. 

The apparatus ultimately employed is shown in Pig. 1. The 
platinum tube/*, 15 cm. long by 0*5 cm. 
internal diameter with thickness of 
wall 0*5 mm., was sealed directly to 
the glass manometer If, the joint II’ 
carrying a cooling coil to prevent 
cracking of the joint by heating from 
within the furnace. The tube was 
exhausted through the trap Y and the 
mercury allowed to rise from the lower 
bulb. Then, when A and 1> were 
closed, the mercury in the trap was so 
held that it could not be pushed round 
the bend when a pressure was de- 
veloped. The substance to be heated 
was placed in the lube P, the open end 
of which was packed with asbestos 
dehydrated at about <S00°, and the 
platinum tube then scaled on to the 
glass, and the electric furnace so 
arranged that the carbonate was well 
within the zone of constant temperature. The tube was heated 
to about 200 — I in order to five the powder from adsorbed 
moisture and gases, and the exhaustion completed. The tem- 
perature. which was read by means of a carefully calibrated 
platinum-platinum rhodium thermo-couple, was raised until an 
appreciable pressure was developed. On re-exhausting the lube 
at this temperature and then allowing the pressure to rise again, 
it >vas found that it did not return to its original value, but 
was always less. On repeating this process several times, a 
constant minimum pressure could be obtained for every tempera- 
ture. The gas evolved under these conditions was collected, and 
analysis shower! it to consist entirely of carbon dioxide. Micro* 
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scopical examination of the decomposition product showed the 
existence of a small amount of needle-shaped crystals which were 
not present m the sample before heating. These were insoluble 
in alkalis or water, but gelatinised very readily with acids, giving 
microchemical tests for calcium and magnesium; these properties 
in conjunction with the optical properties identify the crystals as 
calcium and magnesium silicates formed by the interaction of the 
carbonates with the small traces of siliceous impurities so that 
■the initial high pressures of carbon dioxide must have been doe 
to the reaction CaCO, -j- Si<V -('afiiO, --- ft), ,.tc These 
reactions may be regarded as irre visible' at tin"’ temperatures 
under discussion, and although it would he possible for further 
carbonate and silicate to react, giving further complex silicates 
there will always be a time when the combination with silica comes 
to an end for every temperature, anil the dissociation pressure of 
the carbonate will then be unaffected by the presence of the silica 
The resultant constant minimum pressure for any temperature 
was therefore taken as the dissociation pressure of' the carbonate 
for that temperature. The time taken for the establishment of 
the equilibria under these conditions was considerable in the ease 
of the lower temperatures, but equilibrium was obtained much 
more rapidly the higher the temperature, and usually resulted 
within forty-eight hours of the initial evacuation at any tom 
perature. Having established a method for obtaining reproducible 
results with rising temperature, it became necessary to test the 
reversibility of the process, and it was found that when equilibrium 
was attained at a higher temperature, which was then allowed to 
fall to a lower value, the equilibrium pressure for that temperature 
was not obtained, even after keeping the temperature constant 
for forty-eight hours. There was always some residual carbon 
dioxide which apparently would not recombine. This fact is 
referred to by Juliliois and Bouvu-r {('ompt. mid., 1021. 172 118°) 
who found that the reaction C’aO - CO, — CaCO, was not rever- 
sible unless the calcium oxide used was previously mixed with some 
calcium carbonate, prepared by a precipitation method, when the 
reaction was completely reversible on cooling. 

treat, ™!T ed,,n ' ' VaS 1 t,U ' n a<1 °P tcd in "Inch, he carbonates under 
ignition f "r m ' Xl< "‘ th thw i] Pl )r o|iriate oxides, prepared by 

by Sion r hy<ir ° Xia, ' S ' or iM tl11 ' «*• of the dolomite 

t v: g , uf th ? “"“Pencil Jirodiict of the decomposition. When 

ZT*?'* ,hat temperature the 

Wra re rt T* ■ ** Wuw - #nd < llat Miog 

'•heckinir t 'f uaet ' <,n was 'ompletely reversible, the pressures 
k ft a fraction of a millimetre. It was found necessary, 
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however, to recharge the tubes frequently, since the rcversibility 
would only hold for a few temperatures until further oxide was 
introduced. Thus it seems that wo have an explanation of this 
phenomenon in the idea that a trace of moisture serves to catalyse 
the reaction. Carbonates and oxides prepared by precipitation 
methods will always contain small traces of moisture no matter 
how carefully they are afterwards ignited. This small trace of 
moisture would be easily sufficient to catalyse the reaction, but 
it will be slowly removed by the pumping off of the gas at each 
temperature, and would thus require renewal from time to turn*. 

Table I. 
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Determinations of the dissociation pressures of ealeite, magnesite, 
and dolomite have been made* by means of this method and the 
results are given in Table I. Dig. 2 shows the variation of pressim* 
with temperature, and if these curves are tested by plotting 1 log p 
against T, it will be found that they express a definite linear 
relationship between the reeiproeal of the logarithm of die pressure 
and the temperature. 

The Specific. Hr at of Magnesite. 

This was determined in tin* following manner. As calorimeter, 
a small Dewar vessel of about 700 e.r. capacity and of very 
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insulation was employed- This was fitted with a Beckmann 
thermometer, stirrer, and small heating coil of carefully measured 
known resistance. The vessel was partly filled with carbon tetra- 
chloride so that the thermometer was correctly situated. A steady 
known current, which was carefully checked by means of a silver 
eoulometer in series, was passed for a definite time, the rise of tem- 
perature measured, and the corresponding amount of heat added 
was calculated from the ordinary expression Q = C z Ht X 0*2340. 
Without changing the contents in any way, a known weight of 
dry magnesite was added and the same current passed for the 



Ti ni raturt ubwlutc. 

M = ma'jttefiitc. 1) -ilohruiU, C -- cukitc. 


same time as before and the new rise in temperature determined. 
The amount of heat added, and the rise of temperature both with 
and without a known weight of the sample, being known, it is 
possible to calculate the amount of heat used up in heating the 
magnesite. In one experiment, which represents the smallest 
quantities employed, the following were the figures : 

0 — 0-0 So, H 34*7, t — 600 sees., whence Q — 44-15 cals. 
Rise in temperature — 0-553“ (without magnesite) and 0-548 
(with magnesite, 5-7114 grams). 

Therefore heat for magnesite ■- 44-15 44-15 \ 0-548 0*553 — 

0*63 cal., and its specific heat — 0-2013 cal. 

Several determinations were made in this manner, employing 

0 0 * 

i 
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different amounts of liquid, solid, and current until the largest 
changes could be obtained. The results were fairly concordant 
and were sufficiently accurate to be used along with the other 
data employed in the approximate formula for the Nemst equa- 
tion. The results obtained were : (1) 0-2013, (2) 0-1907, (3) 0*2007. 

(4) 0*1995 ; mean 0*2003 cal. 

These determinations were made on a sample of Greiner magnate 
which, although it was not absolutely pure, was sufficiently so for 
the purpose in view. 

The Specific Heat of CaO,MgO.* 

A sample of finely ground Binnental dolomite was heated in a 
vacuum at 1000° until its weight was constant and was thou 
cooled in a desiccator over solid potassium hydroxide to prevent 
any reabsorption of carbon dioxide. The substance was not very 
reactive, however, and it was found jiossible to leave it exposed 
to the air for considerable periods when cold without any pro- 
nounced alteration taking place. The specific heat of this product, 
determined as above, was (1 ) 0-2109, (2) 0*2 1 10, (3) 0-2093, (4) 0*2096, 

(5) 0-2106; mean 02101 cal. 

The Heat of Solution of Dolomite. 

The heat of formation of this substance has never been deter- 
mined either from its elements or in any other manner, and it 
became necessary to determine the value both for dolomite itself 
and for the decomposition product. When cither dolomite or the 
decomposition product is dissolved in hydrochloric acid, the only 
possible products of the reaction are calcium and magnesium 
chlorides, water, and carbon dioxide. The heats of formation of 
those four substances have all been determined previously, and 
Berthelot has made careful determinations of the heat of dilution 
of hydrochloric acid over a fairly wide range, so that we Inivo only 
one unknown in either equation for the reaction with acid. 

The apparatus employed was similar to that used by Kiohards 
in his early measurements. The calorimeter consisted of a Intgr 
Dewar vessel of about 1 1 litres capacity and of wry good insulation. 
This was closed at the top by a cork carrying a B»rkmann thermo- 
meter, a stirrer, a large cylindrical vessel closed at the bottom by 
a large ground glass plug which could he withdrawn hy means of 
a protruding rod at tin- top. and two tubes, into the lower ends of 
which were soak'd the ends of the small platinum heating spiral, 
and the whole was placed in a large box packed with cotton ucd 

* The formula t’aO.MgO uill lw u.»ed for the sake tit brevity to tit liott 
tht: dmitnpodbuit piodm t of dolomite. 
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t„ provide further insulation. The bottom of the internal vessel 
was carefully sealed by liberal application of purified vaseline to 
the ground plug. In tins vessel were placed 200 c e of nurc 
20 per cent, hydrochloric acid, prepared by distillation of ordinary 
hydrochloric acid A known weight of dolomite less than that 
required to neutralise the acid completely was placed in the bottom 
o the calorimeter and the total volume of liquid made up to a 
litre with 800 c.c. of distilled water. The dolomite was kept in 
suspension by means of the stirrer, and the thermal capacity of 
the calorimeter and fittings determined both by the electrical 
method and the method of mixing, allowance being made for the 
thermal capacity of the dolomite. This determination was made 
borii before and after the reaction and was found to be constant 
within the limits of error throughout. Then, when the plug of 
the internal vessel was withdrawn, the acid could be allowed to 
react with the carbonate and the rise in temperature determined. 
By making corrections for the heat of dilution of the acid and the 
amount of heat lost in the evolution of carbon dioxide (which 
amount was found in the end to be negligible, since at the con- 
centrations employed most of the carbon dioxide remained in 
solu ion and very little was lost), the heat given out in the 
reaction 

•'IgCOj.CaCOj + 4HC1 aq. . (Mgtt, 4. c a CI 2 ) aq. ~ 2H,0 -- 
can be calculated. -fOj Veals. . . . (i) 

In the preliminary experiments, since it was anticipated that 
the loss of heat due to evolution of carbon dioxide would be con- 
siderable two calorimeters were employed which were connected 
by a double-walled tube, silvered, and exhausted so as to form a 
Bewar jacket, lhis tube, which was bent twice at right angles 
dipped under the surface of water in the second calorimeter, and 
thus by measuring the rise of temperature in the second calori- 
meter it was possible to obtain accurate measurement of the heat 
»,ed away by the issuing carbon dioxide. This amount of E 
' m n ^ ,<nWe - *•«'•«• il,nou >iting to as much as 0 02 per 

that att hC , ? “ m0Unt dcvelo l K ' d - '"id it was soon apparent 
hat attempts to increase the accuracy in this respect were lar'X 

of ha er a t anced by thc inac ™™eies introduced by the necessity 
the Vmg ° attend to two calorimeters and to read two Beckmann 

made suffleienth' ° P °" i,lg ° f t,H ' inteI1,al '-«wel could not be 
and ESS:"" ,He ] “ " f ,h " ** ^ 

Dewar vessel had J "f - Was uut rj P id enough. The 
1 had ' or - v 8 <,od insulation, however, and since the 
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radiation corrections could be reduced practically to zero tlii s 
was not after all a serious defect in the working of the apparatus. 

In an actual experiment the results were : 

Weight of dolomite = 0*6766 gram; temperature rise — l*81 e ; 
total thermal capacity of calorimeter — 303 grams; acid diluted 
from 1-33 : 10*7 to 1*33 : 52*8 inols. for tliis range the heat of 
dilution is 1198 cals. (Berthelot, Laudoll-Bornstein “ Tabellen !, j. 
The total heat developed - 2353 cals. Therefore the heat of 
reaction = 1155 cals, for 0*6760 gram, that is, 31*42 Cals, for 
1 gram-molecule. 

Several determinations were made using different amounts of 
dolomite and acid, and the results, which are fairly concordant 
amongst themselves, are : (1) 31*52, (2) 31*32, (3) 31*26, (4) 32 02, 
(5) 31*68 ; mean 31*56 Cals., which is the value of Q in equation (i), 

The H tut of Solution of CaO,MgO in Hydrochloric Acid. 

To determine the value of Q in the equation 

CaO,MgO + 4HClaq. --- (OaOU -{- MgCI 2 ) aq. + 2II 2 0 -f Q (ii) 
it was necessary to determine the heat of solution of this substance; 
from this value, by incorporating the known values for the heats 
of formation of the other reactants, it was possible to determine 
the heat of formation of the substance from its elements. 

The apparatus employed was essentially the same us that already 
described, except that in this case, since we are dealing with a 
substance tending to undergo hydration on mixing with water, 
the oxide was placed in the internal vessel, which was made smaller, 
and the acid occupied the position of the water in the preceding 
determinations. 

Several determinations of the heat of solution were made and 
the results are : (l) 62*82, (2) 62*75, (3) 62*96, (4) 63*15, {5) 62 * 53 ; 
mean 62*83 Cals., which is the value of (J in equation (ii). 


J) incus* ion . 

From equation (i) and the figures of Thomsen and Bcrtlieb 
given in Landolt-Bornstein " Tabcllen ” we have 


Mg 4- Ca f 20 - 6U 
Mg 4 - Ca — 2( > 
Mg i-C — 30 
Ca C ; 30 
whence, adding (1) and | 


MgC( aCU* 


515-9S Cals. 
320*79 Cals. 
266*6 Cals. 
283-90 Cals. 


MgO.OaO 

- MgOO-j 

CaCO a (l ak itc) , 2X:i!KI Cals. . . P) 

(2), we have, 

Ca 4- Mg 4- 2C 60 ^ (CaC0 3 r MgC0 3 ) 4- Cals-, 
which leaves a balance of only 4*52 Cals, to account for the heat 
of formation of dolomite from oalcitc and magnesite. 
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If we now consider the Nernst equation for a heterogeneous 
reaction in which only one gas is formed, we have 
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Taking T l — 300° abs., we have, according to Thomsen and 
Dc Forerand (Landnlt-Hornstein “ Tabellen ”), 

CaO -j~ CO 2 = CaCO a ~j- 42900 cals, (mean) ~ Q Tii 
also at 300° abs., 


c, u00| - - Ci ,,, - 20-2 - 10-2 - 9-0, 

whence 5a — 001 53. 

Substituting in the first equation, we have finally 

log i> -= - 9160 T a- 1-75 log T ~ 0-0017? 4- 3-2, 
where c, = chemical constant for carbon dioxide — 3-2 (Nernst}. 

For T — 1000° abs., 

lo gp ■- — 24 or p — 0-004 atm, - 3-0 mm. 

Johnston ( loc . tit.) obtained p 44 mm.; in the present observ- 

ations, we found p -- 4-2 mm. at 1006' abs. 

The equation given by Johnston departs very appreciably from 
the form derived directly from the Nernst equation, but the other 
values measured in this work agree much more closely with the 
Nernst expression, and when they are plotted do not depart appre- 
ciably from the calculated results, so that it seems unnecessary to 
modify the expression in order to make it fit the observed facts. 
The specific heat data are evidently quite* accurate for this reaction. 
In the case of the magnesite and dolomite, the agreement between 
the observed results and those calculated from the Nernst equation 
is not so good, but the departure from the theoretical does not 
warrant the derivation of a special equation which would be of 
no physical significance. The curves are so decidedly logarithmic 
in form that it does not seem possible that they can represent 
any but the true state of affairs. The disagreements may possibly 
be due to the slight inaccuracies in the specific heat data or. what 
is more probable, they can be traced to the calcareous and ferru- 
ginous impurities in the samples used, which, it must be borne in 
mind, were natural products and not entirely free from impurity. 

In dealing with the thermal dissociation of dolomite, we have 
to consider two possibilities, namely, that dolomite is either a 
compound or a solid solution. Assuming first that it is a com- 
pound, it is possible to conceive of the following as the products 
of its dissociation under the action of heat : (!) CaO.MgCO, -f C0 2 , 
(2) Car0 3 ,MgO -J- CO*, (3) CaO, MgO 4. i>C0,. (4) CaC(\ -f MgO + 
(5) CaO -f MgC0 3 -f C0 2 , (it) CaO + MgO - 200,. 
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Now, in the experimental work described, it has been shown that 
magnesite, dolomite, and calcite all yield definite dissociation 
pressures, p m ,pd>Pe such that p m >Pd>Pc* These results at once 
rule out the possibility of such reactions as ( 5 ) and (6), since calcium 
oxide cannot exist as a solid phase at pressures of carbon dioxide 
greater than p a and also calcium oxide and magnesia cannot 
coexist at the same pressure of carbon dioxide. 

On the assumption that dolomite has a second dissociation 
pressure, the reaction must be cither (1) or (2), the latter being 
the more probable. Thus we should have a case somewhat similar 
to that of the ionisation of a dibasic acid or a diacidic base. Dolo. 
mite would show two definite and successive dissociation pressure. 
P,h and />,/„ corresponding with the two successive reactions 
(’a00 3 ,Mgn ).> - CaCO.j.MgO f <-- 0 2 , giving p di 

and (\iC 0 3 .>lgO -M'aO.MgO : C 0 2 . giving 

It is to he noted that the second possibility could not bo roprp. 
seated by (’at'O^.MgO — -CiiO •*- MgO -f- (T 4 >, because it is ini. 
possible for calcium oxide and magnesia to coexist at the same 
pressure of carbon dioxide. 

If the assumption of a second dissociation were correct, it would 
have been possible to isolate the basic carbonate and the double 
oxide. Dolomite, however, does not show a second dissociation 
pressure over the temperature range examined, and therefore 
reactions (1) and (2) arc excluded. 

If assumption ( 4 ) were correct, the curves showing the relation- 
ships between pj. and p. would give us the energy changes 
of the reactions : 

Ca(‘<) 3 * (.'at 1 ~r<> 2 - q, 

MgCtb, - MgO - C 0 2 q m 

('a(*O tV Mgr 0 3 - MgO O b Cat ’O, 

from which it would follow that 

CaCOj.MgCO;. -('aCO.j : MgCO., i (7, . - '/T 

where q. *•- 7 / ^ ^ 

although this value woultl in any case tend to be vcr\ small, 
if it existed at all. 

The corresponding diminution of free energy would he gi\ en 1} 
the expression 

F Ft (F, ■ F,„ 1 RT log 

Put 

but since from the observations at the temperature range at coi® 
mand we have p ri .-■* p d% then /'. : F tll > F d , und therefore 
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reaction CaC0 3 ,MgCO, - -<► flaC0 3 -f llgCO, .should occur or in 
other words, dolomite would he unstable with respect to the com 
ponent simple carbonates and should not he capable of being formed 
from them This result is indeed obvious, for if the condensed 
reaction CaCOpfgCO, Ca00 3 + MgCU, actually did occur, 
dolomite would show the same dissociation pressure as magnesite 
in its first dissociation phase, provided, of course, that no solid 
solutions whatsoever are formed during the process Hence from 
the observed results the reaction cannot be (4), and we can only 
draw the conclusion that, if the substance be a compound its 
mode of dissociation must lx- (3), for examination of the l logn 
curves for the temperature range shows conclusively (hat there is 
not a second dissociation phase. 

If we now consider the second possibility that dolomite mfoht 
be a singular point in a series of solid solutions, we should expect 
results analogous to those obtained .* There would be a definite 
dissociation pressure curve and the resulting product would be an 
cquimoleeular solid solution of calcium oxide and tmnmesia It 
has been shown by Rankin and Morwin (./, Amn. Cbm See 1910 
38, 508) that in fused mixtures of these two oxides no compounds 
or solid solutions are to lx- found. These results were all obtained 
at temperatures higher than 2300 , the melting point of the eutectic 
but there docs not seem any theoretical reason why it should not 
l.c possible for cither solid solutions or eompounds'to exist at the 
temperatures at which the present measurements were made 
The very small value obtained for the heat of formation of dolomite 
from magnesite and ealcite might possible not be worthy of con- 
sideration. because it only involves the absorption of 4-52 kg -cals 
m the formation of one gram-moleeule. or about 24 S oak ixt gram 
, ai ' cura( \ v "f tli*' measurements involved and of the thermo^ 
chemical data accepted would not allow of too much stress being 
aid upon this difference. It might be worth while considering 
however, whether this amount of heat could represent merely tire 
heat ot solution of a gram-moleeule of ealcite in a gram-moire. lie 

,h " hra ' is •'«« ^ chemical com- 

lunation. We know that when two substances of the type here 

p™ ° rt ' 1 Un ! t !‘ t0 [ orni a ,lrtlll,k ' compound its heat of formation 
■ a lule, although not always, only very slightly different from 

idTo th* K ; , T ° f " f ,he ,W ° ‘'"'“Wning molecules, 

her T , ‘ '° a ' 0f mMkn ,,f s "'" lar s “l ,s tanees one in the 

thei is usually very small and can possibly be negative so that 

whether th/° * flw “ '"'”*** at hand to decide 
, . substance is a solid solution or a compound. Kxperi- 

aie m progress which it is hoped will enable us to decide the 



TOfiS 


STUDIES ON THE DOLOMITE SYSTEM. PART I. 


limits of possible miscibility of the two simple carbonates, and this 
information in conjunction with the results of investigations which 
the author hopes to make on the dissociation of some series of mixed 
crystals should ultimately allow us to come to a definite decision 
upon the matter. Most of the evidence adduced, however, points 
to the existence of a compound of the two carbonates, and it seems 
more useful, for the present at least, to regard the old and original 
idea of the constitution of dolomite as correct, unless we can come 
to a decision as to the essential difference between a definite chemical 
compound and an equally definite singular point in any series of 
solid solutions. 

Summary. 

(1) Measurements of the dissociation pressures of calcite, mag. 
ncsite, and dolomite have been made and it has been shown that 
the three substances yield three different and definite dissociation 
pressures p n Pd,P,« such that p m >Pd>P * • The possible inodes of 
dissociation of dolomite have been considered on the ground that 
it is a compound anti from the results it is concluded that the 
thermal dissociation of dolomite takes place according to the 
equation CaC0 3 ,MgC0 3 CaO.MgO -\- -C0 2 . 

(2) It has been shown that the thermal dissociation of calcite 
follows the Xernst equation, the agreement between the observed 
and calculated results being good, sn that the necessity for the 
derivation of a particular equation to tit the ease, as has boon done 
by Johnston, has been proved unnecessary. 

‘ (3) A simple and fairly accurate apparatus for the determin- 
ation of specific heats of solids has boon described, and lias boon 
employed for the determination of the specific heats of magnesite 
and of the solid decomposition product of dolomite, which have 
been found to be 0-2003 and <K!K>1 cal, respectively, for 15 — 20’. 

(4) The heats of solution of dolomite and of its solid decom- 
position product in hydrochloric acid have been determined, and 
from these measurements the heats of formation of the two 
substances from their (dements have been calculated. 

From these determinations, it has been deduced that the 
formation of dolomite from magnesite and calcite would involve 
the absorption of K>2 kg-oals. per gram-molecule of dolomite. 
It has been pointed out that with our present knowledge it » 
impossible to decide definitely whether the substance is a singular 
point in a series of solid solutions, or whether it is a compound. 

In conclusion, the author takes this opportunity of thanking 
Prof. K (i. Do i man, F.K.S.. for suggesting this research, am 
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(lis kind interest and many valuable suggestions during the progress 
of the work, and also T)r. A. Hutchinson, F.R.S., of the University 
of Cambridge, for his kindness in providing a sample of very pure 
dolomite at a critical time. 

Physico-chemical Labor ato ribs, 

University College, London. [lie ccircd, March 0th, 1023.] 


CXXI . — The Oxime of Mesoxamicle (iso Xiirosomalon- 
amide) and some Allied Compounds. Part 111 . 
Ring Formation in (he Tetra-substituted Series . 

By Editii Hilda Usiiehwood and Martha Annie Whiteley. 


In the course of the preparation of i wnitrosomal on dimethyl anilide, 

(XMePh'COJjC^i , by the action of nitrosyl chloride on malon- 

diraethylanilide it was observed that the presence of moisture 
caused simultaneous hydrolysis and oxidation of the compound, 
yielding a mixture of m rsord i mr-th ylan Hide, (XMePh’CO) 2 CO, and 
a compound, in. p. 191, having the molecular formula Cj.Hj.O 3 X, 
(Whiteley, T., 1903, 83, 43 ; P., 19i)4, 20, 92). Tlie same compound, 
m. p. 191°, is also produced by the action of a small quantity of 
nitric acid (d 1*40) on a solution of /.'onitrosomalondimethylanilide 
in chloroform saturated with nitrosyl ehluride. hut under these 
conditions the secondary products are nil romalondi methyl - 
anilide, (XMePlrCO^CH'XO,. and ehlomuwlondiniethylanilide. 
(X.MoPh*CO) 2 CHCl. When nitric acid alone act s on a solution 
of the i; 9 on itroso- com pound in chloroform, a very small quantity 
of the compound, in. p. 101 ’, is formed, the chief product of the 
reaction being the nitro compound. Finally, the compound, 
m. j). 19U, can be prepared conveniently by the direct oxidation 
of the f.SGiiitroso*coniprmnd with chromic acid in hot glacial acetic 
add solution. 


The reactions of the compound 11,. 0 . 5 X 3 . m - V- 1HI' 7 , 
show that it contains only one earlioxylmcthylanilidc group 
(~CO‘XMoPh) and docs not contain 1 ho /souitroso- group. hence 
it must be assumed that the two atoms of hydrogen eliminated bv 


oxidation from /.sonitrosomalondimothylanilide have been provided 
by the fsonitroso-group and either tin* methyl or phenyl group of 
one of the carboxylmethylanilide groups, and the compound, ra. p. 
191 , contains the tivc-meml>ored glvoxalinc rim/, as in la, or the 


six-membered quinoxaline ring, as in I, 
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(Iff-) 


CO — NPh 
| >CH, 

C- N 

I 0 

CO-XMePh 


(I.) 



CO-NMcPh 


according as the second hydrogen atom is eliminated from the 
methyl group or from the ortho-position of the phenyl group. 

The work described in the present communication shows con- 
clusively that the compound C- 17 H 15 O a X 3l in. p. 101°, is a derivative 
of tetrahydroquinoxaline and lias the structure represented by (Jj, 
This result has been achieved by breaking down the compound 
into simpler products which are known already, or can be prepared 
by rational syntheses. 

Oxidation reactions, which are often of great value in determining 
the structure of organic compounds, throw little light on the present 
problem. The compound is very stable towards oxidising agents, 
and can. in fact, he prepared by the action of chromic acid on a 
boiling acetic acid solution of ivonitrosomalondimethylanilide. It 
is more easily attacked by alkaline permanganate, but the only 
product that has been isolated is mcthvlphenyloxamic acid, which 
serves to prove the presence in the molecule of the group 
^C-CO-XMePh. 

Other methods of attack, however, have proved more useful 
in giving derivatives which preserve the ring structure present in 
the parent compound. 

When the compound (1). in. p. ltd . is treated with an alcoholic 
solution of sodium ethoxide. hydrolysis occurs, and a sodium salt 
is precipitated from which a strong acid (II), m. p. 2otj . can In* 
obtained by the action of mineral acids. The other product* nf 
the reaction, mcthylaniline and formic arid, ran bo isolated from 
the alcoholic mother-liquor in the form oi //-tohienesulplmiiniethvl- 
anilide and lead formate, respectively. 


XMe XMr 

/ V/ V-° : < n - •NliMell 

\ /\ /C'HVXMePh V‘ ()H 

X-O X-O 

(I.) <ll.i 

The action on (li) of oxidising agents or of stronger hwliolydn- 
agents does not lca<l to the formation of any easily rmignisaWr 
derivatives. On the other hand, reducing agents convert (H) int j ) 
a simpler compound (III), m. p. 2M 2s:{ , the structure of ^ cl 
as : -l-(Uh>i<}ro<}niMu<iUn< has >< vn 

established in three ways: (I) By its synthetic formation 
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X-methyU-phenylenediaraine and oxalic acid. (2) On treatment 
with phosphorus pentabromide, the compound (III) gives a di- 
bromo-derivative (IV) which has been proved to be 2 : 3 -dibromo- 
quinoxaline by the synthesis of this compound from 2 : 3-dihydroxy- 
quinoxaline and phosphorus pentabromide. (3) Bv the action of 
phosphorus pentachloride the compound (III) is converted into the 
known compound 2:3-dichloroquinoxaImo (V) : 


(IT.) 


XMc 

•'\ / . 

re-liictiun I f 00 

— ” ! / J(>OH 
X ^ 
^ s ' (ML) 


VXHMe 

XK 0 


X / 


(IV.) I 


,CBr 

(Hr 


0‘OH 

'(‘OH 


HOCO 

o:c-oh 


X 



(V.) 


X 


The removal of the alkyl group by the action of the phosphorus 
pentahalides in the last two reactions appears to be general among 
the nitrogen-substituted quinoxalincs, for Hinsborg (Annalen, 
1896. 292. 2<j 7) has shown that 3-keto-2-hydroxy -4- benzyl- 1 ' 2- 
dihydroquinoxaline yields 2 : 3-dichloroquinoxaline and benzvl 
chloride on treatment with phosphorus pentachloride : 

X 

{![.'[ -- CH.PliOl. 

N 

Another process by which the compound (I) has been broken 
down into a known quinoxaline derivative is as follows : 

lhe compound (I) is readily reduced to the compound (VI), 
which on treatment with sodium ethoxidr sutlers simultaneous 


X'CHjjPh 

r'YVo 

> (M)H 

\/ V 

X 


U | ivdnotion 


XMc* 


(VUT.) 


)00 

f CH 


XMc 


AV tVI.) 

dH’O-XMcPh 


XH 


yilrolv>is .iii.i I'Tij iTiou 


XMc 

A x n> 

\ J\/S'' C0 2 U 

N 


(VII.) 


X 
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hydrolysis and oxidation, yielding the sodium salt of the carboxy]j c 
acid (VI I). This acid on heating readily loses carbon dioxide 
and is converted into the basic substance (VIII). 

The acid (VII) (2-keto-l-methyl-l : 2-dihydroquinoxaline-3-oar!i. 
oxylic acid) and the base (VIII) (2-keto-l-methyl-l : 2-di hydro, 
quinoxalino) are known compounds, having been prepared by 
Kiihling and Kaselitz (l>Vr., 19()(>, 39, 1325) from alloxanmethyl-o. 
phenylenediainine. 


XHMe 


(ould) 

-NH 

CO-MI 


>CO 



(boiliiu:) 

NH-CO'NH, 


■ (VII.) — >-(VlI]..} 


An attempt was made to synthesise the base (VIII) by a more 
direct method than that employed by Kuhling and Kaselitz. It 
was expected that A'-niethyl-o-phenylenediamine would condense 
with glvoxvlic acid in accordance with the scheme 

XMc 

, XH.Me HO-CO . f C'O 

Uxh, <>:ch ' l A :ch ’ 

X 


producing the base (VIII). Experiment showed, however, that this 
condensation gives rise exclusively to the compound (IX), and t his 
readily loses carbon dioxide, giving the base (X ). A -methylbcnzimro- 
azole, which has been described hy Kischer and \\ reszinski (B<r„ 
1S92, 25, 2711). 

AH Me 

/\/ 

I ; - (OHUTHMUi - 

x/v XH.> 

XMc XMc 

\/\ /\/\ 

fix.) c-cooii . ; i ciiix.1 

' \/\ 

X X 

The course taken in tin- preceding condensation is only one of 
the many illustrations that might he given In show the remarkable 
tendency to formation of the glyoxaliiu- ring, and, in the earlier 
stages of this work, it was thought possible that one of the hydrogen 
atoms removed hy oxidation from the molecule of the ^onitroo- 
inalondimcthylanilide might he one of the hydrogens of a 
A’ -methyl group. This would lead to the glyoxaline structure (k) 
for the compound now known to have the structure (I), and \dtfi 
this po>sibititv in view a series *»f e\[>erimonts was made with the 
object of synthesising a compound having the structure (!«}* or 
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compounds containing a similar ring into which it was expected 
that this compound might be degraded by the use of suitable 
reagents. One of the simplest compounds into which a substance 
having the structure \a could be converted without loss of the five- 
membered ring nucleus is the compound (XI) ; but in view of the 
extraordinary stability of the glyoxaline nucleus towards reducing 
agents a compound such as (XI) would probably lose hydrogen to 
give the simpler compound (XU). 


(I«.) —T 


CO*NPh^ rH 

2 


HO-C-X 

h!: 


XH 

(XI.) 


>ch. 


. HO-C-XJPh> f1 „ 

Hi)— 2T CH 

(XIL) 


Attempts to synthesise a compound having the structure repre* 
sented by XII fall into three main divisions : 

1. Since o-phenylcnediamine and formic acid condense to give 
benziminazole (Wundt, JBer.. 1878, 11, 820), 


jNH., . OH 

!nh; + o 


>cii — 


XH 

/\/\ 

I I CH 

X 


it was not unreasonable to suppose that a compound having the 
structure (XTT) would be produced in the condensation of glycine- 
anilide with formic acid, 


VO^HPh., HO >CII 


CO-XPlu 

_X>CH (XII.) 


CHyXIL ' 0" 

When, however, formic acid acts on glyeineanilide. it yields a formyl 
derivative having the structure (X III), (XJV), or (XV). 

0HC*XH«CH 2 -CO-XHPh 9 {>X,>h >ClH)H ^^HyCO-XPh 
CH 2 -XH CHO 

(xm.) (xiv.) (xv.) 

All attempts to induce further condensation by the removal of 
the elements of water from the formyl compound have been un- 
successful. Most dehydrating agents appear to break down the 
molecule, as aniline is usually found among the products of such 
reactions. Acetic anhydride, however, gives rise to a inono-acetvl 
derivative. 

“• linger {J. pr. Client., 1007, [ii], 76, 93) has shown that acet* 
nmc oethyl ether and glycine ester condense to form a glvoxalinc 
ring : 

McC< XH - r Kt0 '9° .... . Mrtv X-CO o F 0H 

OKt H 2 X‘CH 2 tx XII-CH 2 ' r “ L ° H - 

ft Mas hoped that formimidoethyl ether and chloroacctanilide 
^ t01K ^ cnse * n a somewhat similar manner to give the glvoxalinc 

derivative (XII) : L 
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-4- CI *V H 2 — 
L ^OEt + PhHN'CO 


-MXII.) HC<^ + EtOH + HC,, 


Experiment showed, however, that no condensation occurred 
between these compounds. 

3. The close structural resemblance between phenylhydantoin 
and the glyoxaline compound (XU) suggested that the forim-r 
compound might be converted into the latter by means of the 
following series of reactions : 



The experiment was unsuccessful, as the required cli loro-derivative 
could not be prepared. 


Action of Concentrated Sulphuric Acid on the Quinoxalinc Compound 
(I) (3 : 4‘Oxido-'2-k'etoA-w(thiflA : 2 : 3 : 4 -Utrahydroiiui noxalino 
3 - ca rboxym ethyla n Hide ) . 

The quinoxalinc compound (1) is very readily attacked by con- 
centrated sulphuric aeid and yields one or both of two products 
according to the conditions of the experiment. 

1. When the quinoxalinc compound is added gradually to cold 
concentrated sulphuric acid, it develops a bright red colour and dis- 
solves with loss of carbon dioxide to form the tertiary basic substance 
(XVI) 3-pheni/hn'thylamino-’2Arfo-l-Mfth}flA : m 2-dihj/dro<pt i now lint 
together with a very small quantity of the compound (XVII). 

XMe NMe 

f - /x y' x co r /\x> 

A C-COX.McPil * \ MttleMi (XUi 

x:o ' x 

2. If, on the other hand, concentrated sulphuric acid be dropped 
on to the quinoxalinc compound, there is an immediate and violent 
reaction, accompanied by the evolution of a small quantity of 
carbon dioxide, and development of a bright red colour a small 
quantity of the basic substance (XVI) is formed, but the chief 
product of the reaction is insoluble in dilute acids, and has been 
identified as the sulphonic derivative of the heterocyclic ring com- 
pound (XVII) *, due to the formation of a second quinoxalinc com- 

* The compound 'XVII) appears to !«' th*- first instance of the ring 



ami it is suggested tlmt the nnpirira? mum* mnlonaUne i>e given to i* i ^ IL ‘ 
name indicating that tli«- ring is rh* rived from malonanilide. 
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pics by migration of hydrogen from the ortho-position of the 
remaining phenyl group to the oxygen of the oxido-ring in (1), acting 
in its tautomeric form. 


CO CO 

leN/^> C/N jNMc 

/\ N\/\ 

III 
\/ \/ 

(!■) 


CO CO 

Mcn/N’/Nnmc 


tautomeric 

^ 

clianyfi 


/\ 


migration 
of hydroeiii 


and niw 
formation 


CO CO 


Mcx/\vyT Mc 



(XVII.) 


Mechanism of the Formation of Ike Quinoxalint Compound (I) from 
isoJV itromnalondimethylan Hide hy Oxidation, 
it has been shown conclusively that the quinoxalint* compound, 
m. p. 191°, is derived from /aonitrosomalomlimethylanjlide bv the 
removal by oxidation of two atoms of hydrogen" one from" the 
2 <sonitroso -group and one from the ortho-position of one of the 
phenyl groups of this compound. The mechanism of this change 
merits special consideration, since it is improbable that the reaction 
consists in the direct removal of the two hydrogen atoms bv an 
oxygen atom. Probably the first stage in ‘the reaction consists 
in the addition of an atom of oxygen to the nitrogen of the /sonitroso- 
group ; the hydrogen atom in the ortho-position of the neighbouring 
phenyl group then passes over to this oxygen atom, forming a 
ring compound, which on loss of the elements of water is converted 
into the quinoxaline compound (1). 

This series of changes can be expressed in two ways according 
as to whether the /sonitroso-group is written in the oxime >C!XOH 
(A) or the wooxime >C — XH (B) form : 

0 



XMe 

'\/\ 

: V° 

\/ CX 
HO-X’O 


XMe 

x/\ 

J V 0 (B) 
cx 

HX-0 


(0 


XMe 


CO- * 

formutiuu 


o:x*oh 


' -'.form of uitro-fONijKnmd. 


XMe 

' ' x co 

\ cx 
HO-VOH 


XMe 


x co 

cx 


x:o 


(i) 


(X denotes (’O’XMePh.) 

Xu\\, nhiehever of these schemes is the true representation of 
complete course of the reaction, each requires the intermediate 
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formation of the act' -form of nitromalondimcthylanilide, from 
which the quinoxaline compound is derived by the loss of a molecule 
of Mater between the hydrogen atom in the ortho-position of a 
phenyl group, and the hydroxyl group of this active form of the 
mtro-compound, and the following experiments show that if the 
nitro-compound be liberated from its salts in the presence of 
a reagent which can induce condensation with ring formation, the 
quinoxaline compound, m. p. 101°, or one of its direct derivatives 
will be produced : 

1. When the nitro-compound is liberated from its salts in the 
presence of a mixture of nitric and nitrous acids, then the qui n . 
oxaline compound (I) and some regenerated nitro-compound arc 
the sole product of the reaction, the course of which is shown 
above (C). 

When nitromalondimethylanilide, or its alkali salt, is treated 
with concentrated sulphuric acid, a very small quantity of the base 
(XVI) is produced, indicating that to a limited extent the nitro- 
compound reacts in its ari-form as shown in (D) bolpw; the dud 
product of the reaction, however, is the simpler quinoxaline 
compound (X\ III), 3 : •i-oxidv-'l-hi/droxij-X-nidhyUl : ^dihydroquin- 
oxaline , similarly produced from the partly hydrolysed nitro- 
compound as shown in (E) below : 


NMe 



N 


0 OK 


NMe XMo 

/\/\CO fcrSk* / '/Nco kwri 

, } cx • ! jcx ";-.r (XVI ' 1 

\/ '■ of ir.u \/ 

N N 

/ \ i 1 1 

0 on o 


X Me 

/\/ \(JQ 

l^J ^CH'COXMePh 
xcx> 


NMe 


NMe 


CO ' , 

nt>No 2 ‘ ,, ^ , - fc,,i “ 

ouf 


/y\v 

i ) (X’OoH 


(E) 


fX VI 11.) 


NMe 

x 0*011 
0 

' / \ 

N’O 


NMe XMo 

ci) s /X/X co 

, Oil y— : x ,, CH 

\ X/ X 

i , 0 OH 


Although the suggestion that the quiimxaline compound (1) w 
derived from the aW-form of nitroinahiudiinetliylanilide receins 
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support from the experimental evidence cited above, this explanation 
of the mechanism of the reaction is not wholly satisfactory, for it 
fails to account for the formation of the quinoxaline compound 
together with mcsoxdimethylanilidc by the action of nitrosyl 
chloride and water on fsonitrosomalondimcthyianilide. Moreover 
nitromalondimethylanilide itself yields (I ) chforoiulroimtoidimeihyi- 
amluh when treated with nitrosyl chloride and nitric acid, and (2) 
mcsoxdimethylanilidc when oxidised with chromic acid; and 
further, nitromalondimethylanilide yields no quinoxaline derivative 
when treated with such dehydrating agents as acetic anhydride or 
phosphoryl chloride. 

The explanation of the mechanism of ring formation by internal 
condensation suggested in (A), (13), ((.!), ([)), and (E) above is 
probably of general application. Thus the hitherto unexplained 
formation of isatogcnic ester from o-nitrophenylpropiolic ester 
(Baeyer, Ber ., 1881, 14, 1741) in all probability depends on this 
type of change; for it may be assumed that, in the presence of 
concentrated sulphuric acid, the o-nitrophcmylpropiolic ester is 
first transformed into o-nitmbenzoylacctic ester. The hydrogen 
atom from the methylene group in this compound then migrates 
to the oxygen of the nitro-group, and subsequent loss of water leads 
to the formation of isatogcnic ester : 


Arer 


V 


Jxo. 


OOCH ,-CO.,Kt 
, XU, ' ’ 


/\ /CH-COjEt 

o:\-oh 


: i~ or 

\/ (M'0 2 Kt v /s /l>CO„Et 

x:<) " x-0 ■ 

A similar explanation can also be off, red of the eon version, of 
cli(o-nitrophonyl)-diacctylene into di-isatogen (Baeyer. ISir., 1S82, 
15, •'>.'!), and of o-nitrobcnzylmalonie acid into .v'lmlroxy’indole’ 
carboxylic acid (Rcissert, lSOfi. 29. 04(>) in the presence of 
alkali. 


E x p e it i m j: n t a t.. 

I- Prnmalim of 3 : l-0.n<lo--2-l.rt<i-\-„i l >h ;i l-\ : i : :{ : A-Mrab/dro- 
quuwmlinf.S-earlmi/lM'li^Iuuind, (I) isoX itrosomahndi- 

Mtlkylanilide. 

The quinoxaline eompound (I) Inis been prepared from i*o- 
mtrosomalondimethylanilide l.v four different reactions : 

■ Bjf the > action of nitrosyl chloride and nitric acid . — In this 
r cac ion it is not necessary to isolate the / -son i t r oso - com pou n d , 
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therefore 5 grams of malondi methyl anilide, dissolved in 20 c.c. of 
chloroform cooled at —5°, were converted into the tsonitroso-eoin. 
pound by saturating the solution with nitrosyl chloride. After 
keeping it at the low temperature during thirty minutes, the solution 
was treated with 0o c.c. of a mixture of equal volumes of concen- 
t rated and fuming nitric acids ; there was a vigorous reaction and 
the temperature rose to about 40°. When a drop of the solution 
on evaporation left a residue that gave no purple coloration with 
alkali and ferrous sulphate (reaction characteristic of the iso- 
nitroso-compound), the solution was allowed to evaporate rapidly 
and spontaneously. The residual syrup became crystalline on 
treatment with a small quantity of alcohol, the crystals consisting 
of a mixture of nitro- and chloro-m alondi me.ihijla n Hide together 
with the quinoxaline compound (l), from which mixture the nitro. 
compound was removed by repeated extraction with hot solution 
of sodium carbonate ; owing to the similar solubility in all solvents 
of the remaining constituents of the mixture, they could not be 
separated by fractional crystallisation, but as the ehloro-compound 
crystallises from ethyl alcohol in large, and the quinoxaline com- 
pound in thin, flattened, prisms, these compounds were separated 
originally by mechanical methods. Subsequently it was found more 
convenient to remove the eh/oromaJo/idimcthy/anilide by roduction 
to malondimethyianilide under conditions that do not affect the 
quinoxaline compound (1) (West, T. s 1922, 121, 2198). TwentV 
grams of the crystalline mixture* dissolved in glacial acetic acid 
were warmed during half an hour with excess of potassium iodide. 
The solution was poured into water, and after the originally oily 
precipitate had solidified, the excess of iodine was removed by means 
of sulphur dioxide. The crystalline product after crystallising 
from alcohol consisted of the pure quitiosahnc compound (I). 

From oO grams of malondimethyianilide, treated as described 
above in batches of .1 grams each, 20 grams of the nitro -compound, 
7 grams of the ehloro-compound, and lb grams of the quinoxaline 
compound were obtained : but tin* total yield, as well as the relative 
proportions of each constituent, varied greatly with the conditions 
of the experiment. 

3 : A-Oxiilo-'2-kdo-l-m< thy! -\ : 2 : 3 : 4 -t hydros uinoxiil in 

oxyl nuthyla n Hide is readily soluble in each nl the ordinary organic 
solvents with the except inn of ether, carbon tetrachloride, and 
petroleum. It crystallises from ethyl or methyl alcohol in pah* yellow, 
thin, flattened pri.-ms that melt at 190 191 , and have a bitter 
taste [Found: (' - (u-N; il 4-9: X J.T7: M (in naphtha- 

lene) = 312. r i7 Hj-(),X 3 requires C MO; H 4*S: X 
per rent.; M 309 1. This rompouwl dissolves in con ecu I ra U’d 
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sulphuric acid, yielding a characteristic bright red solution con- 
fining the compounds (XVI) and (XVII). It is converted into 
the compound (VI) on reduction ; and yields compound (II) on 
hydrolysis. These reactions are described fully under their re- 
spcctive headings. 

Whilst the quinoxaline compound (I) is not attacked by acetic 
anhydride, benzoyl chloride, or benzencsulphonyl chloride” acetyl 
chloride converts it into an aadyl derivative, containing chlorine, 
which crystallises from slightly diluted acetic acid in colourless, 
hexagonal prisms melting at 220' (Found: C ~ 0b."> : H — 4o: 
Cl -■= 9-2 > • s ’ ~ 1 ' -C f '|,H lg O;,X 3 <'l requires C . 014 ; H — 4-8: 

( I - 9-fl; X - 11-3 per cent.); and, further, hydrogen chloride or 
concentrated hydrochloric acid acts on an alcoholic solution of the 
quinoxaline compound (I) to form a rAforo-eom|Kmnd that crystal- 
lises from alcohol in colourless, reetangular prisms melting at 
240—241’ (Found : C 01-8 ; H « .VO; X ^ 12-9; Cl =. 10-7 
(' 17 H 16 0 2 X 3 C1 requires C ^ 61 - 9 ; H - 4-9: X - 12-8 ; Cl „ Jo-8 
per cent.). Kaeh of these chloro-compounds is stable towards 
redueing agents, and yields methylaniline on hydrolysis, but the 
other products of hydrolysis have not been identified! and no 
satisfactory structural formula can l«- assigned to these compounds 
at present. 

X i tromalon di met hyhm Hi dr. ((’0-XMePh) 2 ( H*XO.„ is readily 
soluble in all the ordinary organic solvents with the exception of 
ether, carbon tetrachloride, and petroleum, in which it is insoluble. 
It crystallises in large, well-formed, colourless prisms, that melt 
at 156°, and are tasteless. On reduction with zinc and acetic 
acid, it yields inesoxdimethylamlide (Found: X = 12*91. 
(i 7 H 17 0 4 X 3 requires X 12-84 jht cent.). Xitromalondimethyl- 
anilide dissolves readily in caustic alkali solutions, less readily' in 
sodium carbonate solution ; the solutions are yellow, but yield* the 
original colourless nitro-eompound on treatment with mineral 
or acetic acid. The potassium salt is precipitated in a crystalline 
form when a warm solution of l*j grams (K> mols.) of potassium 
hydroxide in 20 c.c. of alcohol is added to a hot solution of 5 grams 
(l mol.) of the nitro-eompound in f»0 c.c. of alcohol : after recrystal* 
lising from alcohol, the salt forms pale yellow, thin prisms that 
have a bitter taste (Found : K 10-33* (\ 7 H 16 0 4 X 3 K requires 
iv — 10-64 per cent.). 

Chforojiiiroinalondimelhyfoniiidc, (CG-XMePh) 2 CCl-X0 2 . is ob- 
tained m small quantity when nitric acid acts’ on a solution of 
nitromalondimethylanilide in chloroform, saturated with nitrosyl 
C , ^ rom 1 gram of the nitro-eompound dissolved in 40 e.c. 

0 oiloroform, saturated with nitrosyl chloride at — ;V and then 
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treated with 2 c.c. of nitric acid ( d 1-46), 0*0 gram of the cMoronitro. 
compound was obtained. It crystallises from alcohol in colourless 
leaflets melting at 132—134° (Found: C — 56*7; H = 4.5 ; 
01 = 9-4. 0 17 H 16 0 4 N 3 CI requires 0 — 56-4; H — 4-4; 01 ^ ()-8 
per cent.). 

Chi oromaloudim ethylan Hide, { CO ■ X MePh ) 2 0HC1 , is a by-product 
in the preparation of tfonitrosomalondimethylanilidc by the action 
of nitrosyl chloride on malondimethylanilidc. It dissolves readily 
in methyl alcohol or acetic acid, is less readily soluble in all the other 
organic solvents with the exception of ether and carbon tetrachloride 
in which it is insoluble ; it forms colourless, well -developed prisms 
that melt at 185°. It is readily reduced by the action of zinc and 
acetic acid or by lmlriodic acid, to malondimethylanilidc (Found: 
0 - 64 09 ; H - 5-57 ; N -- S-94 ; Cl - 1 1-28. 0 17 H 17 0 2 X,C1 

requires C = 64-46: H - ">-38; X - 8-85; Cl 11*20 per cent ). 

2. By the action of water on a solution of is< ut i IrosomaJondimdhyl 
anilide in chloroform saturated v ith ni trotyl chloride. — A solution of 
5 grams of malondimethylanilidc in 30 e.e. of chloroform whs 
saturated with nitrosyl chloride at O', and after about thirty minutes 
it was treated with a few drops of water and the mixture shaken, 
when there was a vigorous evolution of nitrous fumes and of hydrogen 
chloride and heat was developed. After a few minutes, when the 
solution no longer contained any of t ho *>onitroso-com pound, the 
chloroform and excess of nitrosyl chloride were removed by rapid 
and spontaneous evaporation. The crystalline residue, after being 
washed with a little cold methyl alcohol, was found to be a mixture 
of the quinoxaline compound (I) with the* ketonic compound, 
mesoxdim(thylanilide i and weighed 3-1 grams. Separation was 
effected by adding one part of cold water to two parts of a hot 
alcoholic solution of the mixture, when the ketonic compound 
crystallised on cooling, and the quinoxaline compound was recovered 
from the mother-liquor. 

Mesoxd i tn cthyla n il ide, (CO’XMePhyO, is very readily soluble 
in methyl alcohol, acetic acid, chloroform, benzene, or pyridine, 
fairly soluble in ethyl alcohol, ethyl acetate, carbon tetrachloride, or 
toluene, sparingly soluble in ether, and insoluble in petroleum; it 
crystallises in long, thin, pale yellow prisms, melting at 171', and 
is tasteless. It yields / Nonitrosomalondimcthylanilide on treatment 
with hydroxylamine in slightly alkaline solution (Found : (‘ --1)8*18: 
H - 5*48 ; N = 9*55. C J7 lf I6 0 3 X 2 requires (* = 68-92 ; H - 540; 
X = 9*46 per cent,). 

When preparing mesoxd imeth via niliile by the method described 
above, it was found, not infrequently, to be mixed with a small 
quantity of a secondary product which is soluble in sodium carbonate 
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solution. At present the constitution of this compound is un- 
determined; it crystallises in pale yellow, thin, flattened prisms 
from alcohol and melts at 170° (Found: C — 59-97 ; 11 = 4-86; 
X .= 16-47. C 17 H 16 0 4 N 4 requires C - 59-90 ; H 4-71 ; X - 16-47 

percent.). 

Mesoxdimethylanilide has been prepared also by the action of 
the nitrogen oxides evolved from arsenious oxide and nitric aeid 
(d 1-3) on ^on it rosomalondim ethyl anilide, dissolved in moist 
chloroform, alcohol, or acetic acid; moreover, it is the only product 
that has been isolated when nitroinalondimethylanilide is reduced 
by means of zinc and acetic acid (5 grams of the nitro-eompound 
yielded 2—3 grams of the ketone); and, finally, nitromalondi* 
met hvlani tide yields a very small quantity of mesoxdimethylanilide 
when oxidised by chromic aeid in acetic acrid solution (5 grams of 
the nitro*cornpound gave less than 0*1 gram of the ketone). It is 
hoped that further work will throw some light on the mcehanism 
of these reactions. 

3. By (he action of chromic acid. — Five grams of isonitroso- 
malomlimethylanilide, dissolved in 30 e.e. of glacial acetic aeid, were 
boiled for fifteen minutes with 14 e.e. ( ~ two atoms of oxygen) of 
a solution of chromium trioxide in acetic acid (50 grams of Cr0 3 in 
350 c.c.). The product was poured into water, excess of c-hromic 
acid reduced by means of sulphur dioxide, the solution iiltered 
from a small amount of a brown, amorphous solid, and the filtrate 
extracted with chloroform. The chloroform extract left a syrupy 
residue on evaporation which yielded 1*7 grams of crystalline 
matter on treatment with alcohol, and was found to be the quin- 
oxaline compound (I). After crystallisation from alcohol, it melted 
at 189—191' and did not depress the melting jkrint of an authentic 
specimen of this compound. 

4. By the ad ion of nitric acid. — Five grams of /soiiitrosomalondi- 
inethylaniliclc, dissolved in 30 e.e. of chloroform, were treated with 
2 e.e. of a mixture of equal volumes of concentrated and fuming 
nitric acids, and the mixture warmed until the solvent began to 

: boil. The solution was then allowed to evaporate spontaneously 
and the residual syrup treated with alcohol : this gave 2-9 grams of 
crystalline material which was found to be a mixture of nitro- 
nmlondimethylamlide (2-3 grams), m. p. 156 ; , with the quinoxaline 
compound (1) (0-3 gram), m. p. ISO — 191 . 

Oxahfwn of 3 : 4‘(hido-~-htu- 1 -tmlityl - 1 : 2 : 3 : 4-h ( ni hydro- o- 
m rbo.ryt ni dh yki n i ( id e (!) with Potaettium rirmanyanatc. 
lo 5 grams of the quinoxaline eonijHmml (I), suspended in 100 
c.c. of hot 2 „Y -sodium carbonate solution containing magnesium 
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sulphate, a quantity of 4 per cent, potassium permanganate solution 
(equivalent to 12 atoms of oxygen) was added slowly. After 
removing the manganese, the solution was reduced in bulk, and 1-] 
grams of the unchanged compound were separated by filtration 
and ether extraction. From the acidified solution ether extracted 
0-6 gram of inethylphenyloxamic acid, which crystallised from 
water in colourless prisms melting at 82°, or at 129° (deeorap.) 
after drying; the anhydrous acid, m. p. 130°, was also obtained bv 
crystallising from benzene. Guaresehi (private communication 
to Beilstein) gives m. p. 82 c (hydrated) or 120° (decomp.) (anhydrous), 
The acid yields mcthylaniline on decomposition at its melting 
point (Found : C — 60*7 ; K — 5*1. ('ale., C — 00-3; H 541 per 
cent.). 

Degradation of 3 : 4:-().rido-'2-fa‘fo-\-mi thyl-l : 2 : 3 : 4-tetrahydro- 
quinoxali nc^carboxylmethylanilidv ( I ) to 2-A da-W-hydroxy-l 
methyl-l : '1-dikydroquinoxalinr (III). 

1.3: 4 - Oxido - 2 - keto - 3 - hydroxy - 1 - methyl - 1:2:3: ±-tdnihtfhn- 
quinoxaline (11). — To 5 grams of the quinoxaline compound (I). 
suspended in 25 e.c. of alcohol, 30 c.e. of a solution of sodium 
ethoxide (5 per cent.) were added and the mixture was warmed on 
t lie water-bath until solution was complete. A gelatinous miim 
salt was precipitated which rcdissolvcd on the addition of a little 
water and then separated in colourless prisms (Found : Xa - 10-24. 
C 9 H 7 0 3 X 2 Xa requires Xa = 10*7 per cent ). The potassium salt, 
prepared similarly from the quinoxaline compound and alcoholic- 
potassium hydroxide, crystallises in plates (Found : K — 17*19. 
c 9 h 7 0 3 x cK retjuires K — 16*99 per cent.). The acidic compound 
(II), 3 : 4 - oxido - 2 - he to - 3 - hydroxy - 1 - methyl - 1 : 2 : 3 : 4 -ft (m hydro- 
quinoxaline , is precipitated by mineral acids from aqueous solution* 
of the alkali salts. It is readily soluble in methyl alcohol, acetic 
acid, or hot water, sparingly soluble in ethyl alcohol, ethyl acetate, 
or ether, and insoluble in the other ordinary solvents: it crystallise* 
from alcohol in stellate dusters of colourless, brilliant, long 
prisms that melt at 257 (decomp.) (Found: (' .... 564; H 44: 
X - 14*59. C 9 H 8 0 3 X, requires (' - 56-25; 1! - 4-17: X - U-58 
per cent.). This comjHumd has a bitter taste, dissolves readily 
in alkali carbonates, and gives an ethyl ether that melts at lf>7 — 168 
[Found: C — 60*5: H 5-83: X 12*8; M (in naphthalene} 
— 221. C n H 12 0 3 X, requires V (HKt; H 5 45; X -- 12-3 
per cent. ; M — 220], 

2. '2-Keto-3-kydroxy-\ -methyl-] : 'l-dihydr<ejnino.ralinr{\[[)- f° t!r 
grams of the comjHmml (II), reduced by zinc dust (2 grand 111 
bulling acetic acid .solution, yielded 2-.S grams of a product that 
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melted at 281 — 2811° after crystallising from hot water, from which 
jt separates in thin prisms forming a loose lattice-like structure ; it 
can also be crystallised from acetic acid, but is very sparingly 
soluble in all the other organic solvents (Found: C = 614; 
H — 4-7. C 9 H 8 0 2 N 2 requires C^6I*4; H ~ 4 5 per cent,). 
This compound has been identified as 'l-ktto-W -hydroxy - 1 -methyl - 
1 ; 2 - dihydroqui n oxali n c by converting it into (i) 2 : 3-dichloroquin- 
oxaline, (ii) 2 : 3-dibromoquinoxaline, and (iii) by comparison with 
a synthetic specimen. 

(i) Conversion, into 2 : 3-J)i cfdoroy u in oxa line. - -One gram of the 
compound (III) was heated with 2-4 grains of phosphorus penta- 
chloridc at 100° until there was no further reaction. The product 
was poured into water, and the solid that separated after twice 
crystallising from alcohol was obtained as nearly colourless, brilliant 
scales melting at 148 — lot) 0 . It was identified as 2 : 3-diehIoro- 
qninoxalinc by direct comparison, and by the melting-point test, 
with a synthetic specimen prepared from 2 : 3-dihydroxyquinoxaline 
hyHinsberg and Poliak's method {far., 1895, 29. 784). 

(ii) Conversion into 2 : 3 * Uibrom wfuitt oml in <■ . -One gram of 
the compound (III) was heated at 140 with 2-5 grams of phosphorus 
pentabromidc until the reaction erased. On pouring into water, 
a solid separated that crystallised from alcohol in colourless, 
thin leaflets melting at 171—174 (Found: C 331; H — 1*7 ; 
X _ 10*0 : Hr 55*4. ( s H i X :i Br., requires C . 33*3 ; H ~ 1*4; 
X - 9*7 ; Br — 55*0 per cent.). 

This compound was found to be identical with a synthetic 
specimen of 2 : 3-dibromoquiuo.mlim , prepared by heating 1 gram 
of 2 : 3*dihydroxyquinoxaline (prepared by Hinsberg and Poliak's 
method, loc. cit.) with 5*5 grams of phosphorus pentabromidc at 
140— ICO 2 . The product, after crystallising from alcohol, melted 
at 170 — 172 2 and did not depress the melting [mint of the compound 
prepared from (III) above. 

(iii) Synthesis of 2 - Kilo - 3 - hydroxy - I- nulhyl-\ : 2 - dihydroyuin- 

omlif !/: (III). — A mixture of Abmethybo-plienylenodiamine (HI 
grams) (prepared as described on p. I0S4) with anhydrous oxalic acid 
(l‘S grams) was heated at 140 100 until there was no further evo- 
lution of steam. After removing the excess of oxalic acid with warm 
water, the residue was crystallised first from acetic acid, then from 
water; it crystallised from the latter solvent in the colourless, thin 
needles, forming the loose lattice >t nature rhamet eristic of com- 
pound (lit), and melted at 281 2S3 . 
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Degradation of 3 : 4- Oxido - 2 - kcto - 1 - mcMy/-l : 2 : 3 : 4 - tetrahydro- 
qu inoxali n e- %-carboxymdhylaniluh (1) to 2-Keto-l-methyl-\ 
dihydroqu inoxalin c-3-carboxyUc Acid (VII), and to 2-Ae/o*l- 
meihylA : '2 -dihydroqu inoxalin c (VIII). 

1 . 2 -Kcto - 1 - methyl - 1 : 2 : 3 : 4 - telrahydroquinoxaline - 3 - carboxyl, 
methylanilide (VI). — Five, grams of the quinoxaline compound (I) > 
dissolved in 100 c.c. of glacial acetic; acid, were reduced at 0° by 
adding gradually 5 grams of zinc dust while the mixture was shaken. 
After filtering, the reduced compound (VI) was obtained in a crystal- 
line form (4-n grains) by adding water to the filtrate. It crystal- 
lises from alcohol in well-formed, thin prisms melting at 183’, 
which are tasteless (Found : C 60-02 ; H — 5-86 ; N — 14*9. 
C 17 H 17 0 2 X 3 requires C — 69*15; H — 5*76; N — 14*23 per cent.), 

2. 2‘KctO’l-mcthyl-l : '2-dihydroqitiitoxaline-3-carhoxyUc Acid {Vll) 
and %-Keto-\-mcthyUl : 2 -dih yd roq it i n oxa! i n c (VIII). — The com- 
pound (VI) (3 grams), suspended in 15 c.c. of alcohol, was heated 
on the steam-bath with 25 c.c. of sodium ethoxide solution (5 per 
cent.). The solid passed into solution and when hydrolysis was 
complete the sodium salt of 2-kcto-l-methyl-l : 2-dihydroquin- 
oxalinc-3-carboxylic acid was precipitated in a gelatinous form, 
from which the acid was liberated by mineral acid. This acid 
(1*3 grams) crystallises from acetic acid in pale yellow leaflets, in. p. 
173 — 174 ° (decomp.). Kiihling and Kaselitz [loc. cit.) give ra. p, 
174' (decomp.) (Found it 1 — 59*2; H 4*0 Calc., C — 58-8; 
H — 3*9 per cent.). 

The carboxylic acid (VI l ) decomposes at its melting point, 
losing carbon dioxide and giving the compound (\ III), 2-keto-l- 
methyl- 1 : 2-dihydro(piinoxaline, which can be purified by subli- 
mation. It is sparingly soluble in water, from which it crystallises 
in colourless needles, and dissolves readily in all the ordinary 
organic solvents with the exception of light petroleum, and it molts 
at 122 : (Kiihling and Ka>clitz give in. p. 122 ) (Found : C •- 0 1 *2 ; 
H = 5*2; X „ 17*r». Calc., ( ; 67*5; 11 - 5 0 ; X — 17*5 per 

cent.). 

Condensation of XMetfiyl-o-ph* nyh n* diamine with ClyoxyUc Acid. 
Formation of 1 - M <. thyUn n :.i m i no \ob -'2 -carboxylic Acid (IX), 

1, Preparation of X - AD thyt-u-plo uyb -mdinmnic .- ■- 1 his compound 
was prepared from o-mtrnuniliiie by melhylatioii and subsequent 
reduction. 

A solution of pure o-nit mainline (.i<>*5 grams) and /efoluent 
sulphonyl chloride (76 6 grams) in pyridine was heated on t c 
steam-bath during four hours. ( Mi [inuring the solution into 
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({u; pToluenesuIphon-o-nitroanilide acparated as an oil that solidified 
on rubbing. The crude product weighed 99*5 grams and yielded 
S7‘5 grains of the pure compound, m. p. 11 2—1 14°, after crystallising 
from alcohol. 

The p-toluenesulphon-o-nitroanilide was methylated by sus- 
pending portions of 8 grams in 40 c.c. of sodium hydroxide solution 
(10 per cent.) and adding 30 c.c. of methyl sulphate in successive 
portions of 5 c.c., with continual shaking, further quantities of 
sodium hydroxide solution being added as necessary (about 60 c.c.) 
to keep the liquid alkaline. The precipitate of p-tolucnesulphon* 
mcthyi-fl-nitroanilide (8*6 grams) crystallised from alcohol in 
colourless prisms melting at 130—132'. 

The methylated product (03 grams) was hydrolysed by heating 
for one hour on the steam-bath with a mixture of 31*5 c.c. of glacial 
acetic acid and 71 e.e. of concentrated sulphuric acid. On pouring 
the product into water, o-nilromethyianiJine separated as an oil 
which gradually solidified to an orange, crystalline solid (19*8 grams) 
t hat melted at 34 — 3«V (Hempel, J. pr. Chan., 1890, [iij, 41, 104, 
gives in. p. 20 — 2s Kelirinami and .Messenger, ibid., 1892, (iij, 46, 
565, give m. p. 34'). 

The n-nit route thy la inline (52 grams) oij induction with tin and 
hydrochloric acid gave 21 ‘9 grams of X-methyl-o-phcmylenediamiue 
boiling at 245 — 251 and yielding a hydrochloride niching at 192 — 
193° (dccomp.) [Fischer, r., Js92, 25. 2841, gives m. p. 191 c 
(deco nip.)], 

2. Condensation of 67 ({oxalic Acid with S-Mcthyl-o-phcnytmc - 
diamine. Formation of 1 - 5/< (h>jlh< nrAan iu'iyjh -2-carltoxyl ic Acid 
(IX). — Preliminary experiment showed that on mixing glyoxylie 
acid with X-methyl-o-phenyicnediamine. either alone or dissolved 
in ether, alcohol, acetic acid, or dilute hydrochloric acid, a violent 
reaction takes place with elimination of carbon dioxide and develop- 
ment of heat. I'nder the following conditions, however, the 
condensation can lie effected without the loss of carbon dioxide. 

Glyoxylie acid (044 gram), dissolved in a small quantity of water 
and cooled in ice, Mas added drop by drop in a solution of 1 ’23 grams 
of .V-mcthyl-o-phenylenediamine in dilute acetic acid cooled 
at J4 C . The temperature of l I k- mixture was allowed to rise 
gradually to about 5 , and the solid product of the reaction (IC4 
gram) separated by filtration. This compound (IX) dissolves with 
effervescence in sodium hydrogen carbonate, and is ropivcipitated 
hy mineral acids from concentrated solutions. It is readily soluble 
in water, methyl or ethyl alcohol, acetic acid, or ethyl acetate, and 
insoluble in the other ordinary organic solvent*. The conqumud. 
purified fur analysis by crystallising from water below (Hi . forms 

VOL. CXXIil. ‘ ‘ i*r 
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long, colourless, flattened prisms, m. p. 98 — 99° (decomp.) (Found : 
C — 614; II = 4-7 ; N = 15*9. 0 9 ir 8 0 2 X 2 requires 0= 61 ‘4; 

H = 4*5; N — 15*9 per cent.). This acid, 1 -methylbenzimimzok. 
2-carboxylic acid , lost carbon dioxide at its melting point, forming a 
colourless oil that solidified to crystals melting at about 30° ; owing 
to lack of material it was not possible to obtain a pure specimen of 
this compound, A T -mcthylbonziminazole (X); according to Fischer 
and Wreszinski (Bcr., 1892, 25, 2711), it melts at 33°. 

Condensation of Glyci neon Hide ivith Formic Acid. 

Attempts to prepare glyoineanilidc from ammonia and chloro- 
acetanilide, or from aniline and glycine ester were unsuccessful 
(compare ilajert, D.lv.-P. 59121, 59874). Ultimately it was found 
possible to prepare glycincanilide carbonate by the action of the 
hydrochloride of glycine chloride (l mol.) (hischer, Bcr 1905,38. 
2917) on aniline (2 mois.), dissolved in dry chloroform, and treating 
with sodium carbonate solution the residue left on evaporation 
of the chloroform. Giya neanilide carbonate was purified by solution 
in dilute hydrochloric acid and repreoipitatiun with pure sodium 
carbonate solution, the precipitate being washed with water, alcohol, 
and ether successively (Found: 0 — 56*8; H ' OT. 0 1T H w 0j\ 4 
requires C — ; 56*4; H = 6*1 per cent.). Hus salt is not stable, and 
loses carbon dioxide on keeping. 

Condensation of GUjcinmnilide Carbonate with Formic Acid.— 
Olycineanilide carbonate (4*2 grams) and 2*8 e.e. of formic acid 
(98 per cent.) were heated on the steam-bath for two hours, and die 
crystals that separated on cooling were drained on porous earthen- 
ware and crystallised from water. The product, 'IdujdruxijA-la.lo-l- 
phoiylldrakydroglyoxaline (XtY) or fonnylaminoacctanilidc (Xlllj, 
crystallises in short, thin needles, m. p. 148 — 150' (Found : (J — 00*3 ; 
H ^ 5*8. C 9 H l0 O 2 X 2 requires 0-60*7; H — 5*6 per cmt.j. 
It yields an acdyl derivative that crystallites from a mixture of 
benzene and alcohol in minute, colourless needles, in. p. 16S--U' 
(Found : 0 — 59*7 ; 11 — 5*6. 6 nil 12 ^ 3^2 requires (.' — Ml 1 . 

K = 5 5 per cent.). 


Behaviour of 3 : Adhido-'l.b to-bmdhyl-l : 2 : 3 :Addrah>firoquk- 
oxalinc.-3-ca rboxylmr th yla n it idc (I ) towards Concentrated SulphtmC 
Acid. 


1. Preparation of 3-/V// nyhn> thylnniino-'d-fo to- \-nn !hyl-\ ’~ J h- 
hydroquinoxaline (XVI). -Three grams of the quinoxaline compound 
(1), reduced to a flue powder, were stim-d gradually into iOr.o. o 
concentrated sulphuric acid cooled in a freezing mixture. He 
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compound dissolved with effervescent 
evolved, to form a bright red solution. Oi.'j.ourin "uLa^l" /f ng 
into water, there was a slight precipitate of fi„. t! , dso,ut ' 011 

(XVII); this was filtered off, Ll 11 f ^ C ° nif ^ Unfi 
with sodium carbonate, when the hr ie * n * u . tra!lsw * 
precipitated as an orange-red fioweler'p^ gra,^) U " d i t ( ^ V ’ r) iT 
soluble in all the ordinary organic solvents iZ « * 

el her and light petroleum" in which kisvl «« exception of 
it. is also in water; the compound is dinu.rJhr^nd^TySm “ 
from solution in any solvent in long, thin red orism. thJ J i „ 
redissolve when left in contact with the motlierdiquor^nd a e 
replaced by well-formed, octahedral prisms „f ,i„ ♦ 7 

H -! 3*7#; 

;H.,ON, requires C ^ 72-47; H _ .VG6- V - i.-.. o 

’ ' -> - io o per cent. ; 


1 I lj* ‘ J.V 


M - 205) 
mineral acids, yiehls a yellow, 

plaliMtlc {Found : Pt : , 2U‘S H () v n ,>. . .. hh)0 ‘ 

K'-.v^r m ' mm ,h;it Ln7z artX 

(Found"' I*l l . Jl^TTtm'r “t " **’ < dw ' , “l , -> 
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either {a) a mixture of chloroform and ethyl alcohol, from which 
6 : 8 -dikdo-'t : 0 -dimethyl-5 : G : 8 : 9 -tclrahydromalonalinvum dhox’uk 
separated in pale yellow prisms melting at 240° (Found : (J = 67*0(1; 
H -- 5*66; N — 12*42. C 19 H 19 0 3 N 3 requires C = 67*66; H = iV(4; 
X — 12*46 per cent.), or {b) a mixture of chloroform and methyl 
alcohol, from which 6 : 8 -diketo-o : 9 -dimethyl-i ) : 6 : 8 : 9 -Idrahydro- 
malonalinium mdhoxidc separated in pale yellow prisms, in. p. 27(1— 
278° (Found : C = 66*9; H — o*3. 0 18 H 17 0 3 N T 3 requires 0 — 60*9; 
II = o*3 per cent.). 

The original yellow precipitate could not be purified, but after 
exhaustive extraction with boiling water it was found to be soluble 
in alkalis and to contain sulphur, Since on treatment with methyl 
and ethyl alcohols it yields the above described methoxide and 
ethoxide, respectively, which arc insoluble ill alkalis, it is probable 
that the yellow precipitate itself consists essentially of 6 : S-difo.h- 
~y : 9 -dirndhijl-o : 6 : S : 9 - 1< Irahydrotna l onal in i u ni sitlpkonaU'. 

The acid filtrate from which the 1 *29 grains of the yellow precipi- 
tate had been separated yielded 0*66 gram of the. base, in. p. l.>;> 
(XVI), on treatment with sodium carbonate. 

Preparation of 3 : \-Oxido-'l-krto- 1 -nutlnjt-X : 2 : 3 : Addrahydraqiihu 
oxa l in (‘‘Wa rboxifhndh yht n i l id r (I) from the Potassium Salt of 
Xitromalond i mdlojla n iltd<\ 

This was an attempt to prepare the quinuxaline roni|H)im(i (I) 
by the elimination of the elements of a molceiile of water from the 
act -form of nitrmnalondimethylanilide under similar conditions to 
those obtaining when the quinoxaline compound (1) is prepared 
from /.sonitrosomalondimetlivlanilide by the action of nitroyl 
chloride and nitric acid. For this purjmse, nitromalondinietliyl- 
anilide was liberated from its salt in the presence of both nitric 
and nitrous acids. 

To an intimate mixture of equal parts of powdered sodium nitrite 
with the potassium salt of mtrnmalondiiiicthylanilidc, suspended 
in dry chloroform, nitric acid (d 1*46) was added drop by drop, the 
mixture being well shaken and kept cool. There was a vigorous 
reaction at first and after it had subsided the mixture was warmed 
on the water-bath for a few minutes: water was then added to 
remove the sodium nitrate and excess of nitrite, and the chlornfniw 
layer separated and allowed to evaporate spontaneously. 1 he 
residual syrup became crystalline on treatment with alcohol, and 
was found to consist of the quinoxaline compound (1), in. P- ^ - 
mixed with a small quantity of nitroinalondimetliylanilide, m P* 
156'. 
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Behaviour of N iiromalond imdhylanilide and of its Potassium 
Derivative towards Concentrated Sulphuric Acid. 

1. Action of Concentrated Sulphuric Acid on Xif romalondimeihyl- 
anilide. Formation of 3 : 4-Oxido-2-kydroxy- 1 - methyl 1 ; 4-dihydro- 
quinoxdim (XVIII), and 3- Pkenylmethylamino^-hlo- 1 -methyl- 
1 : '2-dihydroquinomline (XVI). — Four grams of finely powdered 
nitromalondimothylanilido were added in successive small portions 
In 30 e.e. of concentrated sulphuric acid. The solid dissolved, with 
the gradual development, of a bright red colour, and carbon dioxide 
was evolved. The solution was warmed on the steam* hath for a 
few minutes and stirred until evolution of carbon dioxide ceased; 
it was then cooled and poured into water. The yellow compound 
(XVIII) thus precipitated weighed 1*4 grams and after crystallising 
twice from alcohol was obtained in bright yellow, thin prisms 
melting at 11>2 — 11)4 J (Found: (' — 01 v>; 11 - 4*7 ; X ™ 16*2. 
(\ ( H 5 0 2 N 2 requires 01*4: H 4-3; X =-•- 1.V1) per cent.). 
3 : i-Oxido-Xkydroxipl-metkylA : 4 -d ih ydrofftt i n oral i n e is tasteless. 
It is insoluble in sodium carbonate, hut dissolves in sodium hydroxide 
solution. 

The acid filtrate from which this compound had been separated 
yielded 0*4 gram of 3-phenyl met hylamjno-2-heto-l-methyM : 2- 
dihydroquinoxalinc (XVI) on neutralising with sodium carbonate. 
This exhibited the dimorphism characteristic <4 this compound, 
incited at 1 3b , and did not depress tile melting point of an authentic 
specimen. 

Two grams of the sodium salt of nitronuloiidimcthylanilirle, 
similarly treated with concentrated sulphuric acid, gave (Mi gram 
of the compound (XV! 1 1) and nT gram of \ he compound (XVlj. 

Wo wish to thank the Council of the loyal Society for a grant 
which has defrayed much of the cost of this investigation; and the 
Advisory Council of the Scientific and Industrial Heseareh Depart- 
ment fora maintenance grant to one of us(K. H. l .j. 

himatiM. ror.uaa: o: Sokwi; vno Tk< iivm.<'..v . 

Sni TM KkSsINcToN-. S.U .T. iVA. ] j 
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CXXII. — The Conversion of Malonic Acid into 
d- Malic Acid . 

By Alex. McKenzie and Harold James Plenderleith. 

Arising from work which has been carried out on the optical 
activation of racemic acid bv /-malic acid (McKenzie, T., 1915, 
107, 140; McKenzie and Walker, T., 1922, 121, 349), it was con- 
sidered desirable that the effect of d-malic acid should be examined 
in the same connexion. A convenient method for the preparation 
of the latter acid had first of all to be devised, and such a method k 
now described. 

The reduction of d-tartaric acid by hvdriodie acid gave, in the 
hands of Bremer (Btr., 187,7, 8, 8G1, 1594), a malic acid with a 
dextrorotation. This method is useless for preparative purposes; 
in a careful study of it, Vreudenberg {B> r. } 1914, 47, 2027) lias 
shown, by converting the crude acid into its methyl ester, that the 
yield amounted only to about 2 per cent., and evidence is also 
provided from the low value of the rotation of this ester that the 
action of the hvdriodie acid is not unaccompanied by raeemisatioii. 
In an investigation of much interest in those early days of stereo- 
chemist rv, Bremer (Btr., ISSO, 13, 3*>l) resolved r-malic add by 
cinchonine, obtaining in this manner a small quantity of ammonium 
hydrogen d-malate. Xo description of d-malio aeiil is, however, 
included in l>rem< r s account, and the method is unsuitable, m* 
far as tin* experience of the present authors has gone. 

Pint l i (B< /*.. 1SS0. 19, 1G9I) has shown that d-asparagine under- 
goes conversion into d-malie acid by deamination with nitrous 
acid; but d-usparngine is a somewhat inaccessible compium!. 
Again, Net (Ainmbu, I91i>, 37G, 37) was successful in olituining 
0‘.48 gram <4 d-malie acid b\ r the oxidation <4 d-'z-hydroxybutym* 

laetone with nitrie acid; this sj)eeimen 5 which melted at 98 Inu . 

gave jx'lo - :> l)7 in aqueous solution, whilst the sodium salt gavo 
(*/!„ - s-2tr in the same solvent. Nil's work was continued inter 

bv tdatttield and Miller (./. Auur. <'lnnt. Nor., 1920, 42, 2311 j. 
who quote 90 as the melting point of the acid, and give its rotation 
in aqueous solution as |'/] u 3' 10 . The purity of the acid a* 

obtained by the American authors is thus deduced from tin* 
metric values in aqueous solution, where the observed angles were 
necessarily rather small. 

Walden (AV/\, 1890, 29, 133, and subsequent papers), hy the 
action of silver oxide and water on d-ehiom- and r/diroiim-siicriw 
acids, obtained d-malie acid in admixture with its r-isomeridr « lll{ 
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fu marie acid. The malic acid resulting from those actions can be 
separated from the fumaric acid by means of acetone or ethyl 
acetate, but, as happens so frequently in other cases also, the 
displacement of the halogen is invariably accompanied with race- 
misation, the extent of which depends on the experimental con- 
ditions. Mixtures of /- and cZ-malic acids have also come under the 
observation of Holmbcrg (J. pr. Chew., 1013, [ii], 87, 473), but the 
separation of d- from r- in a lie add by crystallisation of Die mixture 
lias never been successfully effected owing to the difficulty in the 
selection of a suitable solvent. 

The most successful preparation of d-malic acid hitherto recorded 
is that described by Frcudcnbcrg and Brauns (Jkr., 1022, 55, [23], 
1339). d-Tartaric acid was converted tlirough its dimethyl ester 
into dimethyl monoacctyl-d- tartrate, in which the hydroxy-group was 
displaced by chlorine by means of thienyl chloride mid pyridine, 
.lie acetyl group Mas then eliminated, and d-nmlic acid was 
>btainod from the resulting ehlommalic acid by reduction with 
;inc. 

It is well known from the observations of Oernez and others 
hat the addition of ammonium molybdate to an aqueous solution 
if /-malic acid causes the solution to become very strongly dextro- 
Titatory. Darmois (Compt. read., 192*1, 171, 3 IS; 1921, 172, 

[ ftiG), after examining the crystalline ammonium dimolylxlo-Z- 
inalate, has recently, in conjunction with IVrin {Compt. r*nd., 1923, 
176, 391), described the isolation of ammonium dimolvbdo-d- 
nmlate, 0 4 ) ; >.2X I f n . This compound. which crystallises 
well, has the high kevomtatiou [v.]- TS — 22u . and can be prepared 
from the crude (/-maim acid resulting from Walden's method. As 
it is slated that, d-nialie arid (an bo obtained from this molybdo- 
jnalate, it may emerge that , of the various methods hitherto quoted 
fiir preparing d-nialie acid, til is is tlie one must promising from 
the preparative point of view. 

The method described in the present- paper is based on the 
observation of Thurnlaekh (NoH'ihh.. 1S!M, 12, .V>fi) that 
yV7‘tnelilon)-';-hydro\yhiityrie acid can lie converted into calcium 
Mnalatcby the action of alkali. The yield of eah-iuni salt was small, 
and the /-malic acid was not isolated from it by Thurnlaekh. 

employed pyridine with successful results in place of the 
glacial acetic acid used by Thurnlaekh in tin* eondeu^itimi of 
malonic acid with chloral, and found that tlie resulting •,-triciiloro- 
s-hydroxybutyric acid crystallises from wafer with HH.dk This 
aetd can readily be resolved into its optically active components 
hv means of quinine in ethyl-alcoholic solution. The /-acid melts 
104- d(j.) , has [aj,; - 2!H> in ethyl-alcoholic solution (e --- 
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1*5528), and gives barium (/-malate on hydrolysis with barium 
hydroxide : 

2CCI 3 *C1I(0H)*CH 2 -C0 :! H -J- 5Ba(OH) 3 - 

3BaCU -I- OH s O -I- 

The preparation of the latter salt in good yield presented dillj. 
culties. On decomposition with oxalic acid it gave d-malic acid 

The preparation of d-malic acid by the method of Freudeiihcrg 
and Brauns {loc. cit.) is of importance with respect to the con. 
figuration of the acid, since it is shown that (/-tartaric acid aiul 
</-malic acid belong to the same steric series, and the work of Clough 
(T., 191S, 113, 52b) on different lines was thus confirmed. The 
substitution of the — CO.,H group for the — CC1 3 group in /-yyy-tri. 
cliloro- 3-hydroxy butyric acid would not be likely to cause con. 
figurative change if the mechanism of the displacement- is inter- 
preted on the simplest ba<is, 

Ck l * OH\ 

01 •C-CH(OH)*CH.>-C0,H -> OH - C CH(OK)-CH.,-C0,H -> 
Cl ‘ " OH 

H O..OC H (O H ) *0 1 IvCOo I r , 

since, according to this scheme, (• atom 1 remains throughout in 
direct attachment to flit* asymmetric carbon atom *. and no Walden 
inversion would then be possible. Krum this point of view, where 
the conligurative relationship between the hevorotatorv cliloro- 
acid and (/-malic acid is concerned, it would probably be more 
correct to designate the he vo rotatory ehloro-ac id as < /-, aduptiig 
(/•malic acid as the reference compound. The nomenclature l. 
which we have assigned to it, is based simply on the sign of thi* 
rotations observed in e thyl alcohol and acetone. 

1C X l'EKI M E N T A L . 

Jit •'solution of v-yyy-'}' ru'irfor n-';>-k ylf os >fl>uf .!<’/</ i)A f ) it* 
Optically Active- ( 'ompottf nt*. — 'flic preparation of this racemic and 
from malonie acid and chloral has been described by T iniriilackh 
{loc. cit.), who used glacial acetic acid as the condensing medium. 
This action proceeds in an irregular manner, sometimes failing alto- 
get her to give any of the desired product, as Auwers and Schmidt 
{Htr,, 1913, 4G, 4*7) found. Doebner and Segelitz {/> ('., HRk 
38, 2733), however, give del ails for the condensation of ''titd- 
malonie acid and chloral, when they found that pyridine can with 
advantage be substituted for glacial acetic acid in such action 
We therefore prepared the racemic acid as follows. 
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Pyridine (65 grama) was added gradually to a mirt,,™ ,.r , • 

<* «„L, » “t 

(he v,g°rou S acrion had moderated, the mixture was heated on the 

attacked chloral toother with thJ bulk of thc^ T ' Th ° Un ‘ 
from the resulting oil by distillation under ISS 

Die syrupy residue urns then acidified with concentrated hydrochloric 
acsd, water was added and the crude ehloro-aeid extracted with 
ether. It can be crystallised from water without appreciable 
decomposition. At the ordinary temperature, it is "Lrine v 
sojublc in water, from which it separat-s in glassy plates. When 
dnwl •* thu or<l, ! mr - v temperature, it melts at about 5> -- 4 a J 
on analysis was found to contain U molecules of water of erv t' l 
hsation. It becomes anhydrous when kept in an evacuated desie- 
eaior over sulpliunc acid, and it then melts at 1 In no 
Tluirnlaekh (foe. cd.) gives US A . The anhydrous " d TZ 
crystallised conveniently from benzene. The average yield of this 
rcervstalhsed anhydrous aei.l from four preparathi,,; e il Ltd 
as above was .Iro grams. . 1 

!n the current number of the fem/de, the preparation of 
ynd -chhiro^hydroxybutyrie acid by the agency of pyridi *. i 
aLsodeserihed by At, went and Wissebael, (tor., 1923 , 56 ffil 715) 

. C i h ?' 1 Mter St 'i’ arat, ' s from benzene in silky prisms and im-lts 
at .„-oV in agreement with the value .70 -.77 oWrv.-d l«- i„ * 
ami Schmidt (for. cd.). ° tu-d by Ameers 

The resolution of the acid proceeds very smoothly, and the 
Mowing i. a description of a typical preparation, 'xinetv-o e 
rams of quinine (1 mol.) were tlissolved by heating with m 

added t!’ , n gn, " ,S ° f the ««<l (I mol.) were 

«»% rrystalhsatioi, quickly’ mill tfr '""‘T'"' V" 

alwhol. I he quinine /-salt (.79 grams) separated in „|,«v >,r, V 
" uch mdt with decomposition at about Jos . At 27-97 irn, '"? 

11 i s ethyl- alcoholic solution contain O tt gram of s-tlt ' if,.... j' ’ 

'vrp&^SL’SSff&SS: 

1 another resolution, where .70 grains of tit- r - in I ' ' 

M SLlhiimS;;' enV'lk T! M fml " S 

optical activity of the ‘V llllM '’ 1 1lmr 1 "">■=* f'"m benzene. The 

fte prolonged eryd dlVo T„ " ** 1111,1 

1 1 J r,, cr J- 'alllsation of the quinine sail is „„( 
m- riMom-l-hydroxiibutyrk add melts at UH-10.7 'it j s 
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readily soluble in ethyl alcohol and in acetone at the ordinary 
temperature. It is readily soluble in hot benzene, and sparingly 
soluble in the cold solvent, from which it separates in glassy, hex- 
agonal prisms. It is sparingly soluble in cold toluene, chloroform, 
or light, petroleum (b. p. 40 — 00 ). It is much more soluble in 
water than is the inactive isomcride, and it differs from the latter 
in not crystallising with water of crystallisation (Found : 0 = 23-2; 
H = 2-3. Calc., C = 23*1 ; II — 2*4 per cent.). Its specific 
rotation was determined as follows : 

In ethyl alcohol : 

/ ^ 2, c 1*5528, a[; - - 0*92 , whence [a] 1 ,; - 29*0 \ 

I — 2, c -- 4*0U04, a I; 7, — — 2*41°, whence — 30* 1°. 

I — 2, c — 4*0004, oc;.; :i — - 2*77°, whence [a[^ t;1 — 34*0\ 

In acetone : 

1- - 2, c 1*553, a’V '' — — 0*70°, whence [a]!';*' - 22*5°. 

I — 2, c -= 1*553, a.'j.;; - 0*78", whence [ < xJV 1 V.l ~ 25*1’. 

In the preceding resolution, the first filtrate, after the removal 
of the crystals containing a preponderance of the ZB/A salt, gave 
on jiartial evaporation 20 grams of crystals in which the ZBdA 
salt was in excess, 'flic acid from this amounted to 8*5 grains 
which, when crystallised three times from benzene, gave 5 grams of 
the pure d-aeid (Found : Cl = 51*4. Calc., Cl 51*3 per cent,). 
d-yyy-Trichloro-'p-hyilroxyhutifric acid gave values for its specific 
rotation in agreement with those for the /-isomcride. 

In ethyl alcohol : 

/ = 2, c — 1*551, xj'y; -- -f- 0*87 , whence [ a] *"* -[- 28’. 

I z--. 2, c 1*551, xl*^ = -j- 1*08 , whence -j- 34*8" . 

In acetone : 

Z = 2, c l *5528, a,, - 0*71 , whence [aj|v 22*9*. 

1 — 2, c — 1*5528, x ,, : — ti*8l , whence [*]'] . -j- 20* lb 

Conversion of 1-yyy- Trkhhro- 't-hyd oj.cyb atyric Acid into d- Malic 
Acid . — It was found that the Z-ehlnro-acid on decomposition with 
potassium hydroxide, and the subsequent addition of barium 
chloride, gave a dextrorotatory barium salt, ruder the conditions 
adopted, til ; latter salt was not quite [jure barium d-malatc; in 
one ease, for example, the p< 'remit of barium in the anhydrous 
salt was 50 '5 (Calc., 510). 02351 Cram was decomposed by 

1*54 c.e. of dilute hydrochloric acid containing the calculated amount 
of acid. 3*95 C.e. of potassium hydroxide (0*3132.V) were added, 
and then 0*04 c.c. of a standard solution of uranium nitrate (32*935t> 
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grams of the hydrated salt in one litre of water). The solution, 
when made up to 20 c.c. with water, gave -f 2*30° (/ = 2), 
whereas barium /-malate, prepared from Kahlbaum’s acid, gave, 
under similar conditions, a higher value, namely v. f) — 20(T J . In 
several other cases the percentage of barium was 50*2, 4U'3. d0'2, 
respectively, wliilst the jnalic acid obtained from those products 
apparently contained some of the r-aeirl. Slight raeeniisation had 
most likely taken place by the agency of the potassium hydroxide, 
which was used in strong solution for the elimination of chlorine 
from the chloro-acid (compare McKenzie and Thompson, T., 1905, 
87, 1001). The decomposition of the /-chloro-acid by potassium 
hydroxide and the subsequent addition of barium chloride, did not 
therefore prove to be satisfactory for the preparation of barium 
rf-malatc. It seems to be diflieult to wash the product free from 
potassium chloride without considerable loss. .Moreover, barium 
d-malatc tends to form supersaturated solutions, and we could not 
depend on the polarimetric results, even with such solutions, as a 
criterion of purity, as the observed angles of rotation are too small 
(compare Schneider, Antutlcn, 1881, 207. 277). Recourse was 
accordingly had to tin; uranyl reagent in order to enhance the 
rotations. The use of potassium hydroxide was therefore aban- 
doned, and the chloro-acid was acted on by barium hydroxide as 
follows. An aqueous solution of barium hydroxide (S24*5 c.e.) 
containing the calculated fpiantitv of the alkali was added within 
an interval of half an hour to 9 It'S grams of the /-chloro-acid. The 
volume of the solution in the ilask was then reduced ro 450 c.c. by 
evaporation on the water-bath, for ten hours, in the absence of 
carbon dioxide. The elimination of the halogen was then complete, 
and on evaporation to smaller bulk the barium salt crystallised. 
This was removed and washed to free completely from chloride. 
Meld 9‘3 grams. Tor analysis, it was dried at 120 : (Found: 
Bu -- oi l . Calc., Ka : 5 TO per cent.). The salt was pure barium 
(/-malate. 0*2358 Cram was employed with the uranyl reagent in 
the proportions already quoted. Found: x- Kl1 - 3*15 : (/ -= 2). 
A specimen of pure barium /-malate gave, under similar conditions, 
a 54ci ~ 3*20* (? ■- 2). 

Barium d-malate (8*73 grams) was suspended in water and treated 
with the calculated amount of oxalic acid. After the removal of 
the barium oxalate, the filtrate was evaporated to small bulk, and 
dried in a desiccator over sulphuric avid. The crude malic acid 
(4 grams) was purified by dissolving in acetone and precipitating 
with xylene. It then melted at 99— 99\V. whereas /-malic acid 
welts at li.H) ' (Walden, i 'hr.. 1S!M>. 29, l(i99). Vivid. 2*5 grams. 
It was free from fumaric acid, as it did nut decolorise cold alkaline 
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potassium permanganate. Its silve r salt on analysis gave Ag — (5t -!j 
per cent. (Calc., 62*0). 

0 2233 Gram Mas mixed with 0 5152 grain of ammonium molyb- 
date, and made up to 20 c.c with water. Found: 12*2fP 

(l ~~ 2), whence [z]\i : ' — 550°. A specimen of the pure 2-acid 
gave, under similar conditions, [a]!?* 1 12*09° (l — 2), whence 

[*]n r> "f o6S°. 

In another experiment, 0*5 grams of barium d-inalato yielded 
3*04 grams of rf- malic acid. 0*279 Gram of this acid was mixed 
with 0*0438 gram of ammonium molybdate, and made up to 25 e C 
with uater. Found : «V? — 12*40 (/ — 2), whence [x]*f — 55S\ 

Its silver salt on analysis gave Ag ■ 01*8 per cent. (Calc., 02*0), 

One of us (If. J. L\) desires to express his best thanks to the 
Department of Seienlilie and Indust rial Research for a grant whieli 
enabled him to take part in this investigation. 

UNIVERSITY Cui.LEOK, Ur MUCK. 

University of 8t. Amuikws. [/iVtTKvd, April 7 ih, iDJIj.j 


CXXIII. — Btsauefies on Betid mil Affinity and t'u- 
ordination. Part XVI. Xonnul and Add Salinjl- 
atotetra m mi n ocobn 1 1 i c Sa Us. 

By Gilbert T. Morgan and »T. I). Main Smith. 

In a former communication on cobalt am mi lies (T., 1922, 12k 
1956), mt described the preparation of a new series of co-ordinated 
compounds containing salicylic acid implicated in a univalent 
tetramminoeobaltic radicle having the following chemical con- 
stitution : 


(Niy^ 



m> <;:o 


(M 


We showed further that this univalent radicle lias the following 
outstanding pro]>ei*tie< : 

(1) It resembles the imi* of the alkali metals, and particular!) 
that of sodium. Thnso reagents which precipitate sodium from 
its soluble salts yield sparingly soluble salts of the .saluylutohU- 
amminoeobaltie complex. 

(2) In its normal salts ibis eobaltaminiue radicle exists in a 
hydrated form one molecule of combined water to each nif ih’Ciile 
of the ion. This water is held tenaciously up to 135' and its mutual 
is attended by destruction of the complex. 
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(3) The salicylatocobaltam mi no complex has a marked tendency 
to form acid or hydrogen salts, in which it exists in an anhydrous 
condition. 

The last two characteristics of the salicyJatotetramminc complex 
were explained by assuming that it contains two foci of co-ordination, 
a positive focus due to the tcrvalent cobalt atom and a negative 
focus attributable to an oxygen atom and probably to that oxygen 
which is present in the carbonyl radicle, in the normal salts, this 
oxygen atom attracts the firmly-held water molecule, bringing it 
into the co-ordination complex as in formula J1 ; in the hydrogen 
salts, it co-ordinates with the hydrimi as in formula HI. 

/)— CV.ir, 1 _ 0— C'Tf, ; 

(NH a ) 4 Co( | - HdW X (NH ;I ) 4 ( 1 o // _ H- X* 

H)— C— o 

(if) tin.) 

The oxygen atom acting as the negative co-ordinating focus 
retains its bi valency, but assumes the co-ordination number 3 as 
in the large and varied group of oxonimn salts and as in such 
aquo-salts as aipiopeutamminocubaltic chloride (roseocobaltio 
chloride) and its numerous analogues. In the foregoing formula?, 
the symbol X expresses any univalent acidic radicle which is united 
by an electro valency with the positive cobalt atom. X.> may be 
either two univalent acidic radicles or one bivalent acidic radicle. 

These properties which stamp the salicylatototramminocobaltic 
radicle as a binuelear co-ordination complex of mixed polaritv are 
sufficiently remarkable to warrant a more comprehensive study of 
its derivatives, and this investigation has now been completed by an 
examination of forty-seven salts of the new t ohaltammim*. 

I. The StdietjhdoUtrannninocolmUk t'ompbx a< a Compound Alkali - 
ion Hew mbliwj Sodium. 

It was shown in the earlier paper that the salicylatoeobaltammine 
resembles sodium in yielding the following sparingly soluble salts : 
oxalate, bicarbonate, ami sonaphthyluminc-N-suiphonatc. This 
analogy has now been con linnet l by the preparation of the very 
insoluble sal i njUitot cf ra nt m i n oeolalt ie pyroant intonate (IV), dihtfdroxy- 
tartrate, [K . . . H 2 U] 2 X' 4 H 1 () 8 . and arid nxaht* (VIII), and the 
moderately soluble tmsoxnJate, | H . . . H 2 ()| 2 :(\H 2 U fi .2H.d>. The first 
two of tht j .sc new salts correspond with the two well-known tests 
for sodium with pyroant inornate and with Fenton's reagent (1\, 
18!)S, 73, 72). It was found, how ever, that Hall's reagent for sodium 
(b, 1909, 95, 212S), potassium cash i in bismuthonitrite, failed 
to gi\e a precipitate with cw/ ieyhdotetra m m im koIhiU ic nitrite (V). 
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Those results may he summarised by stating that in seven cases 
out of the eight examined the new cobaltammine resembles sodium 
in the formation of analogous sparingly soluble salts. 

IT. The Hydrated and Anhydrous Conditions oj the Salicyluio. 
tetra m m i n ocoball ic Complex. 

The foregoing analogy between sodium and the salicylatocobnlt- 
ammine also extends to the properties of certain of their soluble 
normal salts as, for example, the halide salts {ibid., p. 1957), but it 
breaks down completely in reference to the property of forming 
stable acid or hydrogen salts, which is possessed in a far greater 
degree by the cobaltammine than by the alkali metal. Twenty- five 
normal salts of this base have been examined, and in every case one 
molecule of lirmly held water is present for each molecule of the 
complex cation. In many instances, the anion is also hydrated, 
but this water is generally removable, either at 100° or even at lower 
temperatures. 

In the earlier experiments all the acid or hydrogen salts then 
examined with the exception of the bisulphite were anhydrous, and 
accordingly this exception was regarded as a normal salt of mono- 
basic sulphurous aid. This formulation {ibid., p. 195S) requires 
amendment in the light of further research. The hydrogen sulphate 
and hydrogen dithionatc are both hydrated, although less so than 
the corresponding normal salts (p. 1 105), and this hydrated character 
of acid salts of other sulphur oxy-aeids suggests that the bisulphite 
may also be an acid salt with its water associated with the anion 
[R . . . H}S0.j.H.>0. But, on the other hand, it was not found 
possible to isolate the normal sulphite. 

Altogether twenty-two acid or hydrogen salts have been examined 
and of these eleven are completely anhydrous and of the remainder, 
five, although containing water, are less hydrated than the corre- 
sponding normal salts. In the hydrogen dibromide . [ R . . . 1 1 
the amount of water is the same (1 mol.) as in the normal bromide, 
but the former loses its water at 75 , whereas the latter retains its 
water at 155 , and only loses it with destruction of the co-ordination 
complex. The hydrogen dir/doride (formula XII) is exceptional in 
containing twice a s much water (-II 2 0) as the normal chloride, 
but all the water of the former salt is expelled at 100 : , whereas the 
latter retains its hydrated character at 155 . The acid cobalti- 
cyanide (XIV 7 ) has only slightly less water than the normal salt, 
but is entirely deprived of it at 97 , whereas the latter compound 
is still hydrated at 130 \ 

Sixteen pairs of normal and acid salts have been obtained, the 
states of hydration of which are summarised in the following tabula- 
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tion. In all cases throughout this paper the symbol R denotes the 
anhydrous cobaltammine complex of formula I. 


Salioylatotetramminocoballic 


Combined acid. 


Normal salt. 

Acid or hydrogen salt 

Carbonic acid 

[R. 

• h,oj 2 co 3 ,u 2 o 

[It.. 

. H]C0 3 

Oxalio _ >* 

l R. 

* H 2 OJ,C,0 4 

j K . 

.HIOjO, 

Silicoflnoric „ 

LK. 

. H 1 OJ 1 SiF i .2H i O 

ill. 

. H jSiFg 

Nitric 

i K . 

. Ji,0jX0 3 ,2H 2 () 

[it. 

-H.J(X0 3 ) 2 

Phosphorous _ „ 

/it. 

. HjjOjjUPOj.IIlhO 

i It . 

. H jtiP0 3) 2hf.,0 

Pyrophosphoric „ 

[K. 

.11.0]«1 < s O ?> L 4H !c O 

[it. 

. Kj 1 I i ,0. 1 4H 2 0 

Sulphuric „ 

Lit. 

. H 3 ()j 2 S0 4 ,2H 8 0 

[It. 

. H j.S0„2H 2 0 

Dithionic _ „ 

lit. 

. H t O| 2 !S*O e ,2H 2 0 

[R. 

. HJS 2 0 e ,II 2 0 

Tctrathionic „ 

[It. 

. ii 2 oj;s;o a 

[It. 

[it. 

. HjS 4 0 6 

Hydrochloric „ 

,lt. 

. HoOJCl 

. IIJC1 2 ,2H 2 0 

Hydro bromic ,, 

L it. 

. HjUjlir 

iJt . . 

.HjHrj.HjO 

Chloroplatinio „ 

It. 

■ 11. 

. HjOJgPtClf^JIjO 

Tt . . 

.HjL*tU e ,H t O 

Cobalticyanic „ 

.H 8 Oj 3 'Co((jXj G i,l ^11; 

.0 l r . 

.HJ 3 [Co(CXJ c |„I[| 

Mercit ft halide v (X 3 1 1.) 
Mercuri chloride [ It . 

• H 2 0] 2 TTg 3 Cl a 

ru . 

. .IljHgCb 

Mercuri bromide 

[It. 

. HjOljjHgjHr, 

it.. 

..HjHjrBr* 

Me rcuri* iodide 

L lt. 

. . ir 2 uj 2 H-i 4 

it . . 

• Hjllgh 


II f. Hydrogen SulU of UtiM'ibh Acids. 

Owing lo the presence of two co-ordinating foci in the salieylato- 
cobaltamminc complex this salt-forming cation exhibits in a marked 
degree the property of producing hydrogen salts which is demon- 
strated in the foregoing table. 

It has been stated that " Von der IviesclfluorwasscrstolTsaurc 
kennen wir nur normale Sake ” (Ephraim, " An organise he Chemio,’’ 
1922, p. 614). Similar statements occur in the literature regarding 
the non-existence of acid dithionates and tcirathionatex (Eoscoe 
and Schorlemmer, “ Inorganic Chemistry,'* 1, 1920, p, -Rio). These 
three acids, H 3 SiF 6> H a S 2 O fi . and II 2 S,n 6 . have, however, yielded 
delinitely stable hydrogen salts with the salieylatocobaltammine. 

The explanation of this noteworthy property of the new cohalt- 
aminine lies undoubtedly in the circumstance that it contains a 
subsidiary focus of co-ordination due l<» oxygen. The foreman if 
tabulated stable hydrogen salts of unstable acids are in ivalitv 
oxonium salts and owe their ]>ermuiience to tin* implication of the 
hydrion in the binuclear co-ordination sphere. 

Unsuccessful attempts were made to obtain the hydrogen salts of 
nitrous and thiosulplmrie acids, but even oxonium suit formation 
was insufficient to ensure the j>ernianencr of the readily dehydrated 
HN0 2 group or the Very unstable II.S 2 0 3 radicle. 

The hydrogen salts of the more stable acids tabulated above have 
interesting properties, and especially the dihijdroUd hydrogen 
dichloride (formula XU), which on treatment with water or aqueous 
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pyridine loses half its water and chlorine-ion with precipitation 0 f 
the less soluble normal chloride : 

[K . . . IiJCVH.0 ^ [R . . . 1U)]CI -h H 2 () 1- HOI. 

The other hydrogen salts, with the exception of the bicarbonate, 
manifest their oxonium character in a similar way by dissolving i t[ 
water to strongly acid solutions, thus showing that the foregoing 
equation represents a general reversible chemieal change. 

K XPBRIM K N T A L. 

I. Spa ringl tf Soluble Suit s of the Salk'yhtMttramminocohdtic 
Had id 1 . 

So 1 ic ifldlotclram tn i u ocohdtic Di Jn/d ro(jcn Vijrcxi n i t uionate, 

[ (XH a ).,0o<JlV;\ lll H | |Kk.O J ,rH..O (•>• - 9 or 12) (IV). 

— The normal salieylatotetramminoeobull ie bromide (7'22 grams) wa* 
triturated for one hour with 20 e.e. of water and 7 grams of silver 
pyroantimonate. The solution obtained from the silver bromide 
bv four extractions with successive -0 e.e. of hot water was cooled 
ami treated with alcohol and acetone, when a glistening, I huh 
crystalline, pink powder separated, the yield being 02 per cent. 
The air-dried product w as sparingly soluble in water to a faintly acidic 
pink solution, giving no precipitate with sodium salts, but yielding 
white antimonic acid on adding acetic acid (Found: Co - 10*7 : 
XH 3 — 1 2*3. The dodeeahydrate requires Co 10‘S; XH 3 •- Irl 
per cent.). After drying for ten days over calcium chloride under 
reduced pressure, the weight became constant (Found : Co - 1 1*4 ; 
XH« -= 13'2; SI. - 22 4. Flu* enneahydrate requires Co - Ikij; 
XII , - 13*1 ; Sb - 23 p.er cent.}. I bis lower hydrate lost hn If iP 
water after seven hours at 1<H) . 

SuU>">jlutot‘ fnitut/tuioenhulfu' I) llij/deoj ‘i/t uei rah , 

l k . . . ii 2 uj 3 :c 4 ii,o 8 . 

— One giam of dihydrnxy tartaric acid, dissolved in d e.e. onvah-r. 
was added slowly to Td grams of the normal tctraiuminociirhunatc 
in 11 e.e. of warm water, when the di hydroxy tartrate separated in 
small, damask-red plates sparingly soluble in water to a red solution 
which gave only a slight turbidity w ith sodium salts, i his solatium 
reduced cold ammoniaeal silu r nilr.it" and hot solutions of mercur- 
ous and mercuric chlorides; it gave n<> violet coloration with ferric 
chloride either with or without addition of hydrogen prroxule 
(Found: Co Hii>: X 1 1 :s I.V4. Tin- di hydrate requires Co ~ 
l.VO; Xlf 3 1S*3 per cent.). 

SuUojhitolf Ira m m i noeobnltn Mr xnrubit * , [ K . . . i M 
— Violet -red, rhomboida! plates of the tetmhydrated salt separated 
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slowly on cooling when acetone -alcohol (1:1) was added to the 
fill rate from a mixture of 4*4 grains of the tetrammine chloride, and 
grams of silver mesoxalate in 15 c.e. of water at 40°. The 
yield of air- dried product was 86 per cent. (Found: Co =162; 
XH 3 - l»d). The tetrahjdrate requires Co - 161: X H 3 = 18 6 
per cent.). 

Owing to its extreme solubility in water and organic* solvents the 
hydrogen mesoxalate could not he isolated from the interaction of 
silver incsoxalate and tetrammine hydrogen diehluride: only a red, 
vitreous mass was obtainable on evaporation over calcium chloride. 

TT. Hydrated Normal Salt >; of I } t r Sal icylaforoJ/a Ifa mm i n ( Sera 

Sulieyht tot (tram m in orohattir X Itritf , 

| (XH 3 ) t G<|^V r t|U>l.X() 4 (V). 

— Clusters of glistening, dark purplish-red. pointed leaflets were 
precipitated on adding a mixture of aleolml, acetone, and ether 
to the deep red nitrate from 14*4 grains of the normal tetrammine 
bromide, 7 grams ol silver nitrite, and 15 c.e. of water (yield 50 per 
cent.). This crystalline product was stable in air and very soluble 
in water to a deep red solution which gave no precipitate with 
‘'nitron" acetate, but readily diazolised aniline hydrochloride 
(Found : Co= IT S : Ml., 20*7 ; X as X0 2 - 4*3. The mono- 
hydrate requires Co - 1S*U: Xff { 2<>S; X as XU, ■- 4*3 per cent.). 

Nitrous fumes were instantly evolved on attempting to prepare 
the hydrogen dinit rite from the tetrammino-hydrogen diehloride 
and silver nitrite: the only product Isolated was the foregriiim 
normal nitrite. 

Sulictflutol: (ram /a; iiwohaltic Phosphite, 

[ (N’h.,) 4 Co<|'T; ; | !, ii,o | :hpo 3 .2h,o (vn. 

—The tetrammine bicarbonate (6*5 grams) dissolved in S e.c. of 
a.Y -phosphorous acid to a hlood-red solution from which alcohol 
and ether precipi ated a dark red oil which crystallised slowlv to a 
mass of danusk-ivd plates (yield 51 jht cent.). ’ This salt was stable 
in air and extremely soluble in water, the deep ml solution reducing 
ammonia cal silver nitrate and converting mercuric into mercurous 
chloride (Found: Co ~ 10*1* : Xii. { - !*»<»: F 4*4: H.,0 at 
100 3 = 4*9. The tetra hydrate m pi ires Co 1 74: XH 3 = 20*1 : 
P -4(.i; 2H.>0 0*3 per cent.). The remaining water is held 

tenaciously as in the other normal salts. 

baUnjfatotd ra m m i mn'otiaUic Pyrophosphate, 

[H . . . H 2 6l 4 |P a 0 7 .MH s 0. 

he normal tetrammine 1 chloride (S\S(i grams) was triturated for 
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one hour with a 50 per cent, excess of silver pyrophosphate (6*5 
grams) and 12 c.c. of water. Addition of alcohol, ether, and acetone 
to the filtrate and washings from silver chloride produced a heavy, 
dark red oil which, after stirring for two hours, crystallised to a mass 
of damask-red, elongated, rhomboidal plates (yield 66 per cent.). 
The product, which was recrystallised from dilute alcohol, was 
somewhat sparingly soluble in water, its aqueous solution giving 
with silver nitrate a white precipitate of silver pyrophosphate 
(Found : Co = 15*3; NH 3 = 17*6; P = 4*0; H,0 at 98° = 16-1. 
The oetodccahydrate requires Co — 15*2; NH 3 = 17*6; P = 4*0; 
14 H.,0 — 1 6*3 per cent.) . The remaining four molecular proportions 
of water are held tenaciously. 

Ferric pyrophosphate dissolved in a solution of the foregoing 
pyrophosphate in proportions corresponding with the double 
salt Xa 6 Fc*.>(P 2 0 7 ) 3 jH 2 0 (Oliveri-Mandala, Gazzetta, 1921, 51, j, 
130), but no crystalline cobaltammine analogue of this sodium salt 
could be isolated, only a red vitreous mass being obtained on 
evaporation. 

SaUcylatotetramminocobaltic Thiosulphate , 

[(XH 3 ) 4 Co<^Vj ) H OI i oj30 3> 2H 2 0 (VII). 

The filtrate from the trituration of 1*6 grams of barium thio- 
sulphate monohydra to and 4*2 grams of tetrammine sulphate in 
10 c.c. of warm water was cooled on ice, when a silky, dark red 
precipitate separated (yield 75 per cent.), which was recrystallised 
from hot dilute alcohol in violet-red, rhomboidal plates moderately 
soluble in water to a dark red solution, from which acids liberated 
sulphur and sulphur dioxide (Found: Co — 16*6; XH 3 — 19*3; 
S.,() , — 15*5: H.,0 at ltXF = 5*1. The tetrahydrate requires 

Co = 16*6; XH 3 ^ 19*2; 8,() 3 - 15*8; 2H 2 U - 5*1 per cent.). 

Salicytatotetramminocobiltir Dithionuir, [R . . . H 2 O] 2 IS 2 Og,2H 2 0.— 
Seven grams of tetrammine sulphate and 3*35 grams of dihydrated 
barium dithioiiutc were mixed in hot aqueous solution (90 c.c.): 
the filtrate on cooling deposited large, sparingly soluble, brilliant 
violet, rhomboidal plates (yield 74 per cent.) (Found: Co - 157; 
XH —178; H.,0 at Ion - 4*N. The tetrahydrate requires 

Co - 15 0; NH 3 - 17*9; 211,0 - 4*7 pr cent.). 

In the two foregoing salts the tenaciously held water is pre- 
sumably associated with the cobaltammine cation. 

Sidicylatotdrani m i uocobaltic Tdmthionutr. [R . . . Il,0y8 4 0 6 .-- 
The tetrammine bicarbonate (8*1 grains) dissolved in 3a c.c. of 
0 ’ 7 3iY - 1 et-rathi on ic acid to a dark red solution from which violet- 
red, elongated, rhomboidal plates separated in 57 per cent, yield on 
adding a few ex. of acetone; the product is moderately soluble in 
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f0 ld water (Found: Co = 148; NH S -= 171!; S = 16-1. The 
dihydrate requires Co = 15 0; NH 3 = 173 ; S = 16 3 per cent.). 

Salicylatolelrammiiwcobaltic CobaUicyanide , 

[R . . . H 2 Ol i :[Co(CN) s ],l*0H 2 O. 

— The tetra-mminc bicarbonate (4*81 grams) was dissolved in 8 3 c.c. 
of r8iV-cobalticyanic acid; the solution was treated with alcohol, 
acetone, and ether until a heavy, brown oil separated ; this, after 
prolonged rubbing, crystallised to a purplish-red mass which was 
recrystallised from warm water (yield 40 per cent.). This product 
consisted of clusters of violet-rod, glistening plates often of acicular 
habit and extremely soluble in water [Found : Co = 22*0 ; NH 3 = 
18 8 ; H 2 0 - 2*5. The hydrated salt (41H.,0) requires Co = 
^1*7 ; XH 3 =' 18*8 ; lHf 2 0 = 2*5 per cent.]. 

Sa l i cyla tot dram mi nocobalt ic D in m m i uorobalt i v? <7 r i(r , 

[R . . . HjOJ'tfXHjJjCotXOJJHjO. 

—The tetrammine bromide (3*85 grams) and 3*0 grams of silver 
dianiminocobaltinitrite (from Erdmann’s salt) were triturated in 
15 c.c. of water. The reddish-brown filtrate from silver bromide 
deposited slowly golden-brown, rhomboidai plates, yellow by 
transmitted light (yield 45 per cent.). The product was moderately 
soluble to a reddish-brown solution from which mercurous nitrate 
precipitated yellow prisms of mercurous dianiminocobaltinitrite 
(Found : Co - 204 ; XH 3 = 17*7 ; X as X0 2 = 0*6. The di- 
hydrate requires Co = 20*5; XH 3 =:17*7; X as X(.) 2 - - 0*7 per 
cent.). 

SaUcylatolrtrammi nocobaltk chlorophili iwt*, 

[R . . . M.,O] 2 :[L > tCI 0 ] 5 2ir 2 O. 

— The tetrammine bicarbonate was dissolved in an equivalent 
amount of X/20-ehloroplatinie aeid, when tufts of small, reddish- 
brown needles separated, changing subsequently to dusters of 
elongated, six-sided plates (yield 7<> per cent.) (Found : Co -= 11*9; 
Pt--lfl4; HjjO at UKT - 3*5. The tetrahvdrate requires Co ~ 
117; Ft - 19*4; 2H 2 0 3*0 ]>er cent.). The product was 
moderately soluble 1 to a red solution from which dilute hvdroohloric 
acid precipitated the brown acidic «>? hydrogen chloroplatinute (W). 

III. lltjdrotjf n Salt* of tin Salic ijlatiH'ahattn muni)* S< rii*. 

^alk'i/lafotf Irani wincM'obalttr Ilt/droy, n Oxabth , 

I (xiL).o< 0 ' ~S « {{ * ii !:e,o, ivurj. 

I. 34 o— co i - 4 

—The salicjdatocobaltammine bicarbonate (4*Sti grams) was 
dissolved in 15 c.c. of hot water containing 1*9 grams of crystallised 
oxalic acid; an alcohol acetone ether mixture was added until the 
pink precipitate remained which rapidly became crystalline. The 
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liquid was warmed to redissolve this product, acetone was acMe<l ( 
and the solution cooled oil ice. The sparingly soluble hydrogen 
oxalate separated in clusters of bright scarlet plates, the yit i Id 
being 57 per cent. (Found : Co — I (HI; NH 3 = 19*2; C 2 0 4 ■= 2.V| 
The anhydrous salt requires Co — 1(5*8; XH 3 — 19*3; C 2 0 4 -- 25 (1 
per cent.). 

SaUcylatoU tmmminocolmltk Hydrogen Phosphite > 

I (KH,) 4 Co<|^(f 4lr |:hto,.2h 2 o (IX). 

■ — The bicarbonate (3*24 grains) dissolved to a blood -rod solution in 
8 e.c. of oA'-phospliorous aeid (1*04 grams H 3 PO ;J ) from which 
alcohol and ether precipitated a <lark red oil which slowly became 
crystalline (yield 47 per cent.). The product consisted of irregular, 
dark red plates, extremely soluble in water to a red solution which 
was aeid to phenoJphthalein Imt not to methyl-orange or lmmiu- 
phenol-blue. The solution reduced ammoniaea! silver nitrate and 
converted mercuric into mercurous chloride 1 (Found: Co - 1 57 : 
XH.j— 17*S; P S*2. The dihvdrate requires Co 1 5 5 ; 
XH :1 179: P - 8 *2 per cent.). 

Sat icyla tot* ini at m t ti ocohdtic Dihydroyi u Phosphite, 

|(XH 3 ),Co<|^9«”ni j:m*o 4 (X). 

—Excess of the bicarbonate (1-1*58 grams) was dissolved in 3*7 •h-.p, 
of 24X-phosphorie acid (2*94 grams H 3 P() 4 ) and 25 e.c. of water and 
warmed to about tK)\ Carbon dioxide was evolved and, on cooling, 
the dark red solution deposited glistening, pink, elongated, 
rhomboidai plates and flattened needles, the yield being 93 per 
cent. (Found : Co l(i*2: XH 3 iS S; l* S*o. r I he anhydrous 
salt requires Co lb 4: XH ;t 1 S-*l : P K(> per cent.). Tin 1 
dilivdrogeii phosphate was only moderately soluble in water to a 
red solution which was neutral to methyl-orange and aeid to litmus. 

$f dir yin tot •' ( /v in in i n urtdudt ie i)i hydnxjt n Pyropht* phut * , 

| (XII,| 1 t\.<||~£|'J , ‘ H j :iyi..4H t O (XI). 

— When 5' 83 grams of bicarbonate were dissolved in l-> c.r. *'f 
pyro phosphoric acid solution (from Programs of silver pyrophosphate 
and l *40 grams of hydrogen chloride in 14 e.c. of water), the normal 
pyrophosphate first crystallised out and then redissolved to a blood- 
red solution from which alcohol- acetone precipitated a heavy, 
brownish-red oil. This product was stirred with 50 e.c. of alcohol 
for three hours, when crystallisation set in. The dihydrogen pyro- 
phosphate was then obtained in pale rose pink, irregular plates, 
dissolving readily in water to a bright red. strongly aeid solution 
from which silver nitrate precipitated white silver pyrophosphate 



RESIDUAL AlVlNlTY A SD CO-ORDINATION". PART XVI. U()j 

(fcuuud : Co 15‘b; -- 17*7 ; P - 8*2 ; H 2 0 at 100" — 8*H. 

The tctrahydratc requires Co =15-3; Nif 3 -■= 17*0; V -=8*0; 
J-H.,0 — 0*3 per cent.). 

Salt cylatote tram m i nocobaUic Hydrotjea Bi.smathtodtdr, 

[H . . . HJlfBiljj.UjO'J. 

_ The carbonate (1*6 grains) dissolved in 2*5 e.c. of colourless 
4 A-hydriodic acid (~ 1*28 grams HI) and the solution was treated 
with In e.c. of aqueous potassium iodide containing 7 ’on grams of 
potassium bisniuthoiodide and 1 c.e. of hydriodic acid. A flocculent, 
orange precipitate separated which became brown and granular 
and then changed suddenly to glistening, chocolate-brown needles 
which were washed successively with a hydriodic aeid solution of 
potassium iodide and light petroleum (yield !Hl per cent.) (Found : 
Co 2 ; XH.j b*0; Bi •- = 1S S; Jl 2 0 1-5. The mono* 
hydrated hismuthoiodide requires Co -5*2; NIL -bit; Bi ~ 
IS A ; Ji.,0 — Hi per cent.). 

The brown, elongated, six-sided plates, which were brownish-red 
hy transmitted light, were decomposed by water to an orange acid 
solution and a brown precipitate of bismuth iodide, changing on 
dilution to yellow bismuth oxyiodide. 

Salic yfatotd raw huh fyobaltir Hydroy* ii S alphat*, 

[K . . . H]:[SO t .2iy>|. 

—The eobaltammine biearlHiiiate {32 4 grams), when dissolved in 
5 e.c. of water and 4*9 grams of concentrated sulphuric aeid, yielded 
a purple-red, crystalline precipitate of the normal sulphate. This 
salt rcdissolved on the further addition of 4 9 grams of concentrated 
sulphuric acid and crystallisation of the hydrogen sulphate was 
promoted by introducing a few drops of alcohol (yield 50 per cent.). 
The product, which consisted of bright brick-red, micaceous plates, 
pink by transmitted light, was stable in air, losing water very slowly 
at 100° (Found: Co - 14-9: Xll :! 170; SU 4 - 24*3. The 
(lihydrate requires Co — 14*9; XH 3 - 17*2; S0 4 = 24*2 per 
cent.). 

Tlie hydrogen sulphite dissolved in water to a bright red. strongly 
acid solution turning to violet-nil on adding alkalis. 

^(ilicylatoh tram in inorof xilf ir Ififdro'i» n I >if/)innat > . 

IK . . . hi:[s 2 o s .h 2 o|. 

* 1 lie eobaltammine bicarbonate (3*24 grams) dissolved in 12 5 e.c, 
of 0<3X -dithiemir aeid (: : n-sl grams to a purple -red 

liquid which set immediately to a violet-red paste of the normal 
dithionatc. This precipitate dissolved to a bright red solution on 
a birther addition of 12*5 e.e. of O S.Y dithionie aeid. The hydrogen 
dithionatc separated in bright red plates on adding alcohol, the 
yield being 88 percent, (Found: Co -13*4; MI 3 15*4 :S - 14*3. 
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The monohydrate requires Co— 13*4; NH 3 — 15*4; S ~ 14,-j 
per cent.). 

This hydrogen dithionate was obtained from water ill glistening 
rcd, elongated, rectangular plates and from hot dilute alcohol i (1 
bronzy-violet prisms, blood-red by transmitted light. Approxi. 
mately one-twelfth of the water of hydration was removed after 
four hours at 100°. 

Sal icylatotct ra mminocolxiltk Hydrogen Tdmthionate, 

[R . . . h]:l.s 4 o 6 i. 

— Tlic cobaltammine bicarbonate (4 86 grams) dissolved in 21 
of 0*75A T - tot rat hionic acid (EE 1*6 grams H 2 8 4 0 6 ) to a dark red 
solution from which bright red plates separated on a further addition 
of ill c.c. of the tetrathionic acid solution (yield So per cent,) 
(Found : Co — 12T ; NH ;J — 14*0; »S 26*5. The anhydrom 
salt requires Co — 12*1 ; XH 3 — 13 0; J$ -- 20*2 per cent.). 

This hydrogen tetrathionnte consisted of brilliant red, elongated 
rhomboidal, and six-sided plates sparingly soluble in whtcr to 
a bright red, strongly acid solution, becoming violet-red with 
alkalis. 

Sail ajlatotclram m i n ocoballic Hydrogen Bichloride, 

[ (XH 3 ) 4 Co<KyV«“iH ]:CI 2 ,2IT 2 0 (XII). 

— A thin, purple paste, formed oil adding 0*72 grams of the cobalt* 
amminc bicarbonate to 13 e.c. of 2.Y-hydruchlorie acid, redissolvecl 
to an intensely red solution on introducing another equal proportion 
of acid. From this solution nothing could be precipitate'.! tv 
concentrated hydrochloric acid or by alcohol or acetone, hut on 
adding a mixture of one volume of alcohol, three volumes of dry 
acetone, and two of dry ether, a heavy, brown oil resembling 
bromine separated which on stirring suddenly became crystalline ; 
the highly deliquescent product was washed with acetone -ether and 
dried over calcium chloride (yield 43 per cent.) (Found : Co ----- 1 (>*U ; 
XH 3 --- IS 2 ; Cl 19 6 : Jl 2 0 at 100 9*7. The dihvdiato 

requires Co 13*9; ML, 18*3; Cl -191; 2H 2 0 9 : 7 per 

cent.). This hydrogen dichloride consisted of bright red. rluun- 
hoidal plates fleliqucseing in air to a red liquid winch then solidified 
to a mass of the purplish-red plates of the normal chloride. The 
normal salt was also obtained by adding pyridine to the concentrated, 
bright red. strongly acid, aqueous solution of the hydrogen dichhirule. 
This red aqueous solution was rendered purple by alkali and also 
by progressive dilution, the normal chloride separating in charac- 
teristic purplish-red, flattened needles. The hydrogen diehloridc 
dissolved in alcohol and was n-precipitab’d therefrom by acetone or 
ether. 
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Sdicylalotetramminocobaltic Hydroyen Dibromide, 

[R . . . HJBrgjHjO. 

—To the l)loo(l-red solution of 10*8 grams of the normal bromide in 
7 c.c. of water and 4*5 e.c. of GO per cent, hydrobromic acid 2*7 
grams IIBr) were added equal volumes of acetone and ether, when 
bright red plates separated, which were washed with ether (yield = 
78 per cent.) (hound : Co = 13*2; NH ; , ^ 15*3 ; Br =-= 35*8 ; H 2 0 
at 75° — 4*2. The monohydrate requires Co = 13 '4 ; NH 3 = 15 4 ; 
Br - 36*2 ; H 2 0 = 4*1 per cent.). 

The hydrogen dibromide separated in dark red, rhomboidal plates 
bright red by transmitted light. It dissolved very readily in 
water to a blood red. strongly acid solution from which hydrogen 
bromide in ether slowly deposited the unchanged di bromide, whereas 
pyridine precipitated the normal bromide in purple-red, six-sided 
plates. 

Sdicylatolelramm i nocobalt I c Hydrogen Mercurihalidet, 

[ (Xtf 3 ) ,Co ~ Vy [ I— | — i H" X , ] (XIII) (X - Cl, Br, or I). 

—These three complex salts were found to be anhydrous. 

(i) Hydrogen vitrcurkhloride was formed as a brownish-red paste 
which rapidly darkened and became crystalline on adding 4 grams 
of mercuric chloride, dissolved in 3 c.c. of 10.Y- hydrochloric acid, 
to o*6 grams of the hydrogen diehloride in 5 c.c. of water and 20 c.c. 
of 2.A -hydrochloric acid. The product was recrystallised from hot 
^'•hydrochloric acid, when dark red, rhomboidal plates crystallised 
out oil cooling (yield 75 per cent.) ( Found : Co — 0*7 ; 2s H 3 = 1 1*2 ; 
Hg — 32'8. The anh\*drous hydrogen niercurichloride requires 
Co = 9*7; XH 3 = 11*2 ; Hg — 331 per cent.). This complex salt 
was moderately soluble in water to a red, strongly acid solution. 

(ii) Hydrogen Mrrcurihronudc . — On triturating 5*6 grams of 
mercuric bromide with 3 *0 1 grams of the cobaltaminine bromide and 
-0 v.c. of warm i\ -hydrobromic acid the mercuric bromide dissolved 
and a dark red, crystalline powder then separated. This product 
^vas recrystallised in brownish-red, six-sided plates from hot N- 
h)drobromic acid and washed with ether (yield 72 percent.) (Found : 
Co— /C; MH 3 8*8 ; Jig 25*1. The anhydrous hydrogen 
mercuribromide requires 7 *5 ; Xll. { .r8*7: Hu 25*0 per 
fent.). i his com [ilex salt was sparingly soluble in water (l in 5(1) 
to a strongly acid solution turned purple by alkalis. 

(hi) Hydrogen Meram-onlut- . Cobaltamniine hicarbouate (1*95 
grams) was dissolved in 3 c.c. of colourless -FY-h ydriodic acid and the 
heep red solution added to 2*72 grams of nn ivuric iodide in 3 c.c. 
Oi tin h\driodie acid. Flic mercuric iodide dissolved and a 
<-* locolatc- brown, crystalline powder separated; the latter, when 
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reerystallised from hot TY-liydriodic acid, furnished brilliant pmp| e . 
Mack, six-sided plates brownisli-rcd by transmitted light (yi L >] ( | 
84 per cent.) (Found: Co — 6*2; NH 3 — 6*9; Hg — 20*0. The 
anhydrous hydrogen me re uri -iodide requires Co = 6*1 ; NH 3 — 7p. 
Hg — 20*6 per cent.). 

This salt is only very sparingly soluble in water (l in 100) tu 
a strongly acid, red solution. The acidic red solutions of the tlirt-v 
mcrcurihalidcs are rendered purple by alkalis and yield white 
precipitates with sodium hydroxide or o A"- ammonia. 

Salic ylatotetram mi nocoUaltic Hydrogen Cobalticya n idc t 

|(XH ;( ) 4 Co<J ) ~V« H ih| lCo(CN),VtiI 2 0 (XIV). 

i. U — CO .13 

— The eohaltammine bicarbonate (4*61 grams) dissolved to a red 
solution in 16*S c.e. of l*S*Y-cobaltieyanie acid (’-— 2*18 grams 
H 3 ( < oCV,;) and after three weeks the dark red needles which had 
separated were reerystallised from 3 c.e. of cobalticya nic arid 
and o e.c. of hot water, when a yield of 71 per cent, was obtained 
(Found: Co 22*6; Nil, - loti; H a O at 67 AS. The tetra- 
hydrate requires Co - 22 *S ; XH ; , ld*S; 4H 2 <) - .V6 per cent.). 

The hydrogen eobaltieyanide consisting of glistening, rose-pink, 
rhomboidal plates dissolved readily in water to a red, strongly arid 
solution. 

Sal icylalolf iram m inooJxiUic Hydroge n ( 'h htrophU inale , 

[ (XH^Co^V^H j:[PtC! 4 ],H,0 (XV). 

— A brown, crystalline precipitate (yield 73 per cent.) separated on 
dissolving 0*324 gram of eobaltammiuc bicarbonate in 20 e.c. of 
J/ 20-chloroplatinie acid (-LAe IGA gram Ft), the supernatant liquid 
becoming almost colourless (Found: Co 8*6: Ft --283; H.,0 
at 97 ~ — 2*o. The hydrated hydrogen chloroplatinate requires 
Co —8*6; Ft = 28*3; H s O - 2*6 per cent,). 

The brownish-red, glistening, square tablets of this hydrogen salt, 
which were yellow by transmitted light, were almost insoluble in 
cold water, dissolving somewhat more readily in hot 2 A* -hydrochloric 
acid to a bluish-red solution and separating on cooling in brown 
crystals. This salt, did not evolve hydrogen chloride with cold 
concentrated siilphurir acid. 

The authors dedte to e\piv-s their thanks to th*- .Vhisery 
Council of the Department of Sci«-iit itif and hiuu.dri.il ih>c;iivli 
for grants which have help'd to defray the e\pen>e of thi> mvc.-tiLM- 
tinn. 


I'm vKii>nv or JUiiminmiam, 
Edgua.stun. 


■ a. April J Uf*. li'-A 



BETSEY: STITHIES ON THALLIUM COMPOUNDS. PART II. 110ft 


CXXIV. — Studies on Thallium Compounds , Pari II. 

The Reduction of Thallic Compounds with Ferrous 
Sulphate and with Sodium Ar senile. 

By Arthur, John Bkrry. 

Jn :l previous paper (T\, 1022, 121, Mftl), it was shown that thallic 
compounds could In* reduced quantitatively with ferrous sulphate 
and with sodium arson ite. It was pointed out (toe. cit. t p. .‘199) 
that volumetric methods of analysis founded on these two reactions 
yielded results in essential agreement among themselves, but 
appreciably lower than those obtained by the gravimetric method 
of weighing as thallous iodide. It was considered desirable to 
investigate these reactions more fully, and the results obtained 
are summarised in the present communication. 

Velocity of the. Reaction T1 2 (SO.j) 3 j- 41'VSOj .= T1 2 S0 4 -f- 2Fe 2 (S0 4 ) 3 . 

The velocity experiments were carried out at 0 r in the following 
manner. The measured quantities of ferrous sulphate and thallic 
sulphate solutions, both containing much free sulphuric acid, 
having been cooled to O ', were mixed in a beaker immersed in a 
large vessel containing ie»* and water. The contents of the beaker, 
and also the ice and water, were stirred mechanically. In every 
experiment, the ferrous and thallic salts were taken in equivalent 
proportions, but the actual concentrations were varied in separate 
experiments. Definite volumes of the solution were withdrawn 
at regular intervals of time into tlasks containing a little crushed 
ice, and immediately titrated with potassium diehromatc. 

A number of experiments were performed of which three are 
selected for comparison. The volume of the reaction mixture was 
in every ease 50(1 c.c., but the cniuvnf rat ions varied from A 7140 
to XX. The volume of liquid withdrawn for titrtition was either 
50, 70, or 100 e.e., depending on the concentration. The solution 
of potassium diehromatc was of .V 2o strength: r • - volume of it 
required to titrate the 5(mi e.e. 


I. Conrontralinn ,Y 1 1*1. 

2. ( Ymecniralion A" TO. 

(Vincent ration 

A* ,3V 

Time (mins.). r. 

Time (mins.). r. 

Time (mins.). 

V. 

u to* 

O i in* 

0 

2 SO* 

JU M\ 

10 1<h) 

IV 

1TV 

su tv 

:u» 7U-V 

X, 

120 

v<> 12 v 

;,n :g 


107 

"n 

to u; 

TV 

\n 

no a.-, ' 

no oi 

nv 

77 



120 

tin 



IVo 

tit! 


* Calculated quantities. 
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If velocity coefficients are calculated from these figures, the results 
will indicate a reaction of the second order. The coefficients are, 
however, somewhat irregular, particularly in the experiments at 
the lower concentrations. On the other hand, if we determine the 
order of the reaction from the time required for half of the original 
mixture to undergo transformation according to the equation 

»- 1 b log I* /log ^ 

(vaivt Hoff, “ Studies in Chemical Dynamics,” translated by Ewan, 
p. 103), where n is the order of (lie reaction, c x and c.> arc the different 
initial concentrations, and t j and t, are the corresponding times 
required for half of the original mixture to undergo transformation, 
we shall obtain the following results : 

90 

from (1) and (2), n 1 j- log __ /log 2 — l‘7l ; 

from (2) and (3), n --- 1 -j- log 1 /log 2 — 2' 14; 

00 

from (1) and (3), n • 1 -f- log.,. /log 4 • 103: 

which shows clearly that the reaction is of the second order. 

This reaction is evidently similar to the reduction of ferric chloride 
by stannous chloride investigated by Noyes (Z. physihiL Cbm, 
189o, 16, f)4(i), who found that the latter reaction was of the second 
order in presence of sufficient hydrochloric acid, although it was of 
the third order when the solution was as free from acid as possible, 

When tie* residual liquid from a velocity experiment was healed 
to boiling and cooled, it was found that the reaction had proceeded 
to completion. Ft is obvious, therefore, that if, as in analytical 
work, execs* of ferrous sulphate is used, the method should Ik* 
capable of giving a true measure of the amount of thallic salt in 
solution. 

Tit* Sutluuu A/-'* trlti The method of analysis with 

sodium arsenite described in the previous paper ( loc . rd., p. 
was modi lied to obviate the mv.-.-sily of removing the reduml 
thallium as iodide before estimating the excess of sodium arsenite. 
In the. exjM-rimenls to he di scribed, the excess of sodium arsenite 
was titrated with a solution of sodium hypochlorite, it was found 
that a solution of sodium hypochlorite eon Id he standardised by 
titrating a hot solution of sodium arsenite containing a little thallous 
sulphate, the end-point observed being tin* appearance of a hroxxn 
colour due to incipient precipitation of thallic oxide at the moment 
when the arsenic solution was completely oxidised. I he result- 
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obtained in this manner were identical with those obtained by 
■itrating the sodium arsenite in the cold, and determining the end- 
point in the usual manner with starch-potassium iodide paper. 
L'hallic oxide, dried at the ordinary temperature by exposure over 
concentrated sulphuric acid in a vacuum desiccator, can be dis- 
ced in sodium arsenite solution of about Xj 10-strength after 
heating for some time, complete reduction taking place. The excess 
:) f sodium arsenite is then estimated by titration with sodium 
hypochlorite. 

The probable error of experiment in volumetric estimations by 
these two methods would lx; of the order of one-half of 1 per cent., 
and in any case would not exceed 1 per cent. Tim cause of the low 
results is therefore to be sought in the thullio oxide, and accordingly 7 
various methods of preparation were examined. 

Analyse* of Thallic Oxide Prepared by Variant MdMs.— (1) Oxid- 
ation of thalhus sulphite by potassium ferric yanide in alkaline 
solution. This method has been described in the previous paper. 


(Jrai.iof TI,0 3 taken 0-312 n-3o7 0-217 0-53 75 

Oram <»i Tl ”() 3 TouihI ,f :;im; o-:ir»o."> n-213 u-.Vix 

iijud 1-VS0 4 As s Oj A*.0 5 As#O a 


Tin* percentage of thallium from those experiments is 87 0. The 
ealeulaled value for TlJ b is SJPA per cent. 

(2) Hydrolysis of fhaltic s ulphift . The very great extent- to which 
solutions of thallic sulphate are hydrolysed suggested the possibility’ 
of purifying the oxide by dissolving it in dilute sulphuric acid, and 
diluting the resulting solution largely with water to re precipitate 
the oxide. These experiments were carried out in the following 
manner. 

Two hundred and fifty c.e. of a 1 per emit, solution of thallic 
oxide in dilute sulphuric acid were thoroughly shaken with ten 
times the volume of water. The oxide was precipitated as a brown 
powder. The hulk of the clear liquid \v;i> then removed with the 
aid el a syphon, and the precipitate thoroughly washed till every 
trace id sulphuric acid was removed. The wet oxide was then 
removed, without filtering, into a dbh, and dried by exposure over 
concentrated sulphuric acid in a vacuum desiccator. 

tjrum Ml TUTj laknt ... u lt! I o 3ns n-inS n-311.7 n-33S.'i 

‘■rmu tit Tl,O a found ... (i'2'.r.i u-:;u2 u-2:»s n-ijyt o-:i»o 0-323 

K. SO, 1A SO, .U,0 3 A< : 0, ,\> A), AsA) 3 

K’oni these values the percentage of thallium is found to bo 
S-rf). 

(c) Oxidation of tha\hm< chloride to thallk chloride and pneipitathn 
<f th onde. Thallous ehioritle was siisp -nded in water, and 
si tu rated with washed chlorine until a clear solution of thallic 
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chloride was obtained. Excess of sodium carbonate solution was 
added to precipitate the thallic oxide, which was then carcfu|] v 
washed and dried as usual. 


Gram of T1 2 0 3 taken 04015 0-3605 0-3765 0-4 105 

Gram of T1.0 3 found 0-301 0-357 0-371 U-41*> 

Method ..." FcSO, FcSO* .\y.,0 3 As.o 


Tlie percentage of tliaUiiim is thus found to he S7(i. 

(4) Oxidation of I bullous sulphate by hydrogen peroxide in alkali^ 
solution. Thallium was dissolved in sulphuric acid, and the solution 
after dilution with water saturated with hydrogen sulphide. The 
object of this treatment was to remove traces of lead. A very 
insignificant precipitate was obtained, which as regards appearance 
indicated a trace of selenium. This precipitate was removed, ami 
the resulting solution evaporated to small bulk to remove most nf 
the free sulphuric acid. Thallic oxide was then precipitated In- 
adding excess of sodium hydroxide and hydrogen peroxide as 
described by -Ha be (Z. anonj. Chon . , 100b, 48, 427), and after 
thorough washing, dried as in the other experiments. 

Gram of T1 3 0 3 taken 0-307 0-266 

Gram of T1.,0 3 found u-290 0-270 

Method ...‘ As-jOj As,0 3 

The percentage of thallium is thus S4’4. 

Further experiments were made in which thallium was converted 
into thallons sulphate, and freed from traces of lead and selenium 
by hydrogen sulphide as already described, and then converted 
into thallic oxide by oxidation with alkaline potassium femeyanide. 
but low results were again obtained when the* oxide was analysed 
by these volumetric methods. Whatever method of preparafinn 
was employed, the percentage of thallium, as determined by measure- 
ment of the available oxygen, was always lower than the euleulatul 
value, the diiTerence varying from 2 to fi per rent. 

To what cause is tin* deficit due *. The results would he readily 
intelligihle if the thallic oxide preparations contain small quantities 
of thallons impurity. Experiments were then fore made to test 
the various preparations for small quantities of thallons material: 
and it was found that all the preparations, when dissolved in hydro- 
chloric acid,* reacted with dilute potassium permanganate (A l f M 
the amount of permanganate required corresponding approximately 
to the deficit of thallic oxide observed. 

(o) ThulUc oxide pr/ pttn d from tin • Idttfifb (found S74i per cent. Tl}. 
tl'41K>5 dram of TUO r dissolved in hydrochloric acid, required 
."i e.c. f»f .V lOO-K.MnO,. 

* Til,- , ucn- 4i/Iely lurl.i-i in nf the of thf 

small quantity nf thallons rhinri'l,-. 
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lb) ThaUic oxide prepared by Uabes method (found 84*4 percent. Tl). 
J-49S Gram of TI 2 0 3 , dissolved in hydrochloric acid, required 14 ex*. 
,f *V/I00-KMnO 4 . 

Tlio difference between the estimated and the calculated per- 
‘(.'iitage of thallium ( 80 * 5 ) is 1*9 in the hauler case and 5*1 in tlie 
atter, and the permanganate titrations for similar weights of oxide 
[ir. approximately in the same ratio, the experiments were 
performed under similar conditions as regards quantity and con- 
■entration of acid, and blank experiments were made to determine 
he volume of permanganate decolorised by the hydrochloric acid 
u the absence of the thallic oxide. In view of the uncertainties 
■oil netted with determinations with potassium permanganate in 
i rosen ce of hydrochloric acid, exact agreement is not to be expected ; 
.mt. it seems legitimate to conclude from these* experiments that 
ha 11 it; oxide prepared in various ways contains small quantities 
if thallous material, the amount varying with the conditions of 
irecipitatiou, f Ihe thallous compound is evidently adsorbed or 
leld in solid solution, and cannot be removed by washing. 
Solutions of thallic sulphate containing free sulphuric acid arc 
•eniarkablv stable, no loss of available oxygen, as determined by 
hese volumetric methods, being observable over long periods, 
)nc example may* sullice. A solution containing IKSti grams of 
I I9O3 per litre as determined by* ferrous sulj>hate and potassium 
liehroroate, or 10*1 grams of TM>, as determined gra vi metrically 
is thallous iodide, was found to be unaltered m strength as deter - 
nint'd by measurement of the available oxygen eight months later. 
Jhcn this solution was tit rated with A i<JO-pnta.>sium permanganate 
11 presence of hydrochloric acid, and the result taken in conjunction 
'ith tlie determination with ferrous sulphate and potassium di- 
■liromate, the total thallium calculated as was found to be 
0 - grams ])er litre. 

Habe : who has devoted much attention to the brown and black 
nodi Heat ions of thallic oxide, has found (Z. unary. I’in/n.. 1907 , 
15 , 130 ) that \\ hen dried in a vacuum desiccator containing phos- 
diurie oxide, both varieties still contain very* small quantities of 
rater. The quantity of water was found to in- of the order of 0*7 
(i U'nt. in the ease of the brown oxide, and O i! per cent, in the 
ase * ,lc <»xide. Kabc lias claimed {loe. cit.), but solely 

n the evidence of gravimetric analysis, that no loss of oxygen 
ikes place when either variety is heated at 5iH> , and that it" is 
cressary to heat thallic oxide to this temperature to obtain it in 
perfectly anhydrous condition. When the brown oxide is heated, 
is changed into the black variety. 

Hit au t hoi has determined the available oxygen in thallie oxide 
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previously heated at 500°. The ferrous sulphate method alone ^ 
used, because after heating to this temperature the oxide dissolve, 
in sodium arson ite with such extreme slowness as to render that 
method impracticable. The heating of both specimens of oxide 
was carried out in a platinum boat, placed inside a silica tube in, 
horizontal electric furnace. 

The following results were obtained : 


Thallic oxide (black) 
prepared by oxidation 
with alkaline potassium 
ferricyanidc. 

Oram of T1 2 0 3 taken (K»21 0*2()2;> 

Gram of T1 3 Oj found 0-1US 

Percentage of thallium S7-i) 


Thallic oxido (brown! 
prepared by hvdrolv- 
sis of tho sulphate,’ 

0*42 m o-oy 

0-3TJ u-llu 

83- S 


The black oxide is therefore ipiite stable at 5(H) J . Un the otlm 
hand, the brown oxide prepared by hydrolysis of the sulphate lias 
suffered an appreciable loss of oxygen, the percentage of tliallium 
as measured by the available oxygen falling from S.)*0 to SIHptr 
cent. This result was not unexpected in view of the greater 
reactivity of the brown oxide, h hether these varieties are truly 
polymorphic or dilTer merely as regards degree of aggregation k at 
present unknown. 


The author desires to renew his cordial thanks to Sir William 
Pope and Mr. Heycuck for their unfailing interest in this 
investigation. 

Chem rcAT, Lab<»kvou;v (Cut 'ismiths 1 Mktai.ixkuical 

Umvubsity ue Cam mu mm. [AVcrtmf, March 1 '.tilt, l! 1 .:)/ 


(’XXV. — I'fipnrnliun <>f II yd mz! nr by ll'whhj* 
M if hod. 

\\v Kkoinai.d Author Joyner. 

Hydrazine was tirst prepared by Curtins and Jay in lssii, hut 
it was not until the method of preparing it from sodium hyp"- 
chlorite and ammonia was devised by Rasrhig {llrr., UHn. 40, 
4588) that the technical manufacture n>uM be attempted. 

Rasehig found that in the interaction of ammonia and sodium 
hypochlorite chlornamine is formed <ju,mt datively, which mui 
with more ammonia to give hydrazine : 

1. NaOCI -•* NH 3 MU-1 NaOlL 

2. ni \.y\ \ Mbj x.ifjjiri. 

hydrazine hydra!.- is, of course, farmed in preH/mc of ^ 
caustic soda. 
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llaschig found that the second reaction only takes place to any 
considerable extent when a very large amount of ammonia is 
present, and also glue or some such substance, when a vield un to 
60 or 70 per cent, may be obtained. ^ P 

Another reaction which takes place, giving rise to nitrogen, is 
represented by iiasehig by equation (3), but in view of the reduce 

3. 3NH 2 C1 -f 2XH 3 = N 2 -|- 3X1 1 4 ( 'I. 8 

4. 2NH 2 Cl -I- X 2 H 4 _ 2XH 4 01 f X 2 . 

properties of hydrazine, it more probably oeeure in accordance 
with equation (4). 

The following experiments were made lo ascertain the effect 
on the yield of hydrazine of varying the concentrations of ammonia 
sodium hypochlorite, and glue, and of replacing the last by other 
substances. The concentration of hydrazine throughout was 
determined by titrating the solution with X/ 10 -iodine solution in 
presence of sodium bicarbonate, X 2 1I 4 4 . 41 4 , 4 j( ( 

ammonia having been approximately neutralised with acid. ’ * 

KxPEKUtEN T A L. 

Connexion between the Yield of Hjdra-.in,. and ike Main, hr Ratio 
of Ammonia to Sodium IhjpoeUorite. 

Mixtures of 10 c.c. of 3-fl3.V-wdiu.il hypochlorite, 1 ee of a 
10 per cent, solution of glue, and varying volumes of 7-93 v 
ammonia were diluted with water to 10o c c heated at S0-9TP 
cooled, and the quantity of hydrazine estimated. The results 
are given 1,1 Table I, where ^percentage yield of hydrazine 
calculated on the quantity of sodium hypochlorite, and ft- mole- 
eular ratio of ammonia to sodium hypochlorite. 

Table T. 

Hie solution contained 0 Jo gram of giue ami o 0107 mol. of sodium 
hypochlorite in 100 c.c. of the 


Mul*. oi 2siH 3 . 

a. 

0-OM7 

.7-7 

0-Uuoli 

11-0 

O' 070.') 

\s 

0-11M 

20 

0 1 .")!)(> 

32 

0-I‘Ks'i 
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tiffed of the Concentration of the Gelatin on the Yield of 
Hydrazine. 

For these experiments it was found necessary to use very p lirL , 
ammonia solution in order to obtain consistent results; sonic 
ammonias, without any gelatin, gave yields up to 10 or 15 per cem- 
of hydrazine, whilst others gave only 1 to 2 per cent. 


I' m. i. 
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In carrying out these experiments, iixed amounts (if anmtonk 
and of sodium hypochlorite were heated with varying amount. $ of 
gelatin and the yield of hydrazine was estimated. The results 
are given in Tables 11, III. and JY, and graphically in Fig, 2. 
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H is evident from the curves that the yield of hydrazine is 
almost directly proportional to the concentration of the gelatin 
at low concentrations, but the relative activity of the latter 
rapidly diminishes with increasing concentration. The reaction 
is very sensitive to small amounts of gelatin, and it is probable 
that 1 X 10" 5 gram of gelatin or similar substance could be detected 
in a volume of 10 c.c. 


Fig. 2 . 



The Partition of Ckloroamhie bcltreen T'Ah<t and Various A^ucom 
Solutions. 

One of the possible explanations of the action of glue is that 
it forms an additive compound with chloroamine which reacts 
with, ammonia to give hydrazine. In order to find whether any 
such compound was formed in considerable amount, experiments 
were carried out on the partition of chloroamine between ether 
and various aqueous solutions. A solution of chloroamine made 
by adding ammonia to sodium hypochlorite was extracted with 
ether, the ethereal extract being kept in ice. This precaution 
was unnecessary, as it was found that ether -chloroamine solutions 
were very stable. The chloroamine in the ether or in the water 
was readily estimated by means of the iodine it liberated from 
acidified potassium iodide solution : 

XfU'i v -K! l>HC1 XHjCI HK<T L. 

I'Ihi partition experiments were carried out at the temperature 
stated by adding the stock ether solution to the various aqueous 
solutions and thoroughly shaking the mixtures. Alter the two 
phases had separated, the concentration of the chloroamine was 
determined in both. The results are given in Tables V and VI. 
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Table V. 

Partition of ehloroamine between water and ether, and between 
glue solution and ether at 0°. 

C.i*. of A* /10-iodine required for 2 c.o. of eaeh solution. 

Glue 

lit her. Water. Katio. lit her. solution. Katio, 

3*1 2-2 i-4 3*2 21 i-r» 

3*1 2-2 14 ;{ 2 2*1 1-5 

Table VI. 

Partition of ehloroamine between 2*Y-aqueous ammonia and ether 
between water and ether, and between ether and an uqueou*; 
solution of glue-ammonia at — S°. 

C.o. of X 10-iodim* required for 2 e.c. of i*ju*li solution. 





2.Y*Am- 

Aumionia 


HI her. 

Water. 

Katio. 

EthiT. monia. Katio. 

KHi<t. glui*. 

Hal i<> 

o*8 

4*o 

1*20 

o*7 4*."> 1*27 

.*»•(> 4*0 

1*40 

5*9 

4-o 

1*32 

5*7 1*2 1*33 

o*7 4*0 

1*42 


The above results show, if anything, that in the presence of 
glue the ehloroamine tended to pass into the ether phase. Had 
there been any combination between the glue and the ehloroamine. 
the concentration of the latter in the aqueous phase would have 
increased. The same result was obtained when the aqueous phase 
contained ammonia and also ammonia and glue, and therefore it 
is unlike!)’ that an intermediate compound is formed between 
ehloroamine and glue, or ehloroamine and ammonia, or ehloroamine, 
glue, and ammonia. 

Influence of Various Salts on th< Formation of Hydrazine. 
Preliminary experiments having shown that the presence of 
ammonium salts tended to reduce the yield of hydrazine, a series 
of experiments was carried out to ascertain the effect produced by 
various salts on reacting mixtures of ammonia, glue, and sodium 
hypochlorite. The results are given in Tables VII and VIII, 

Table VII. 

Effect of various salts on the yield of hydrazine obtained from 
12 mo Is. of ammonia, !\» grams of glue. M’4 mol. of sodium hypo- 
chlorite, and n 2 mui. of sodium hydroxide in 12S0 e.e. of solution. 

WciirM ‘ Hylm/.im* UViglit % Hydrazine 

Salt arlcird. i.rraiii> i. luitwH. S.ih f^raiiis). lurtnofl- 

No salt .72 Nil/ i in 

(XH.JSO, h o .. 

KC1 ,-|| .Mi I.J 41 

No glut; (»• I 
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Table VII t. 

Effect of varying amounts of ammonium chloride and other sub- 
stances in the formation of hydrazine from a mixture of 5*1 mols. 
;f ammonia, 0*75 gram of glue, 0*15 mol. of sodium hypochlorite, 
Atid 0 090 mol. of sodium hydroxide in 500 e.e. of water. 


Subs! am 

r Weight 

% Hydrazine Substaiu r- 

Weight 

% Hydrazine 

added. 

(grams). 

formed. added. 

(grams). 

formed. 

XoilC 


50 XH,(I 

in 

4 .\ 

NHjl'l 


54 Xl^XO, 

12 

35 

2 

r>r> (SHj t so, 

10 

33 

4 

53 Xa 2 SO, 

10-7 

54 


H 

34 XaOH 

ti-o 

52 

„ 

12 

<>-3 NH 4 HC<) a 

1.20 

4-5 

These 

experiments 

show that the present' 

c of animonium-ioii 


lowers the yield of hydrazine to a great extent. This effect was 
noticeable when the quantity of ammonium suit added was 
sufficient to react with the free sodium hydroxide originally present 
and also with that set free during reaction 1 (p. 11 14). In cases such 
as this the hydrazine hydrochloride will give ammonium chloride 
and hydrazine hydrate, as the latter is a weaker base than an 
equivalent solution of ammonia in water, and therefore reaction 2 
(p. 1114) will take place in the presence of increasing concentrations 
of ammonium-ion. 

Gelatin in solution has slightly acid properties (Wintger and 
Vogel, Kolloid Z., 19-2. 30, 45; Lloyd and .Mayes, Proc. Boy, $oc. t 
11)22, [B], 93, 69), and in the presence of ammonia a certain amount 
of ammonium-ion is necessarily formed. It was found that when 
the sodium hypochlorite was nearly neutral an increase in the 
yield of hydrazine was brought about by the addition of about 
0*01 mol. of sodium hydroxide per litre. 

When hypochlorous acid (pure) and ehloroamim* were used 
instead of an equivalent quantity <>f sodium hypochlorite, about 
12 per cent, of hydrazine was formed instead of 00 per cent., whilst 
when calcium hypochlorite was used the yield was about 25 per 
cent. In the case of the first two substances there would be 
practically no free hydroxyl-ion, and in the ease of the last the 
relative concentration is small, uwing to the insolubility of the 
calcium hydroxide set free. 

Effect of tkr Addition of HydraPun on th< XkU of Hydrazine 

obtained from a Mixture of Sodium Hypochlorite , Glu* \ and 
Ammonia. 

A known quantity of hydrazine' hydrate solution was added to 
■ l mixture of ammonia, glue, and sodium hypochlorite and the 
total amount of hydrazine was estimated after the miction had 

QQ2 
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taken place, it will be seen from results given in Table IX that 
when the hydrazine was added before the sodium hypochlorite 
the yield was less than that obtained when the two substances 
were added in the reverse order. Evidently the hydrazine brings 
about a decreased yield, but the decrease is not proportional to 
the amount of hydrazine added. 

Table IX. 


Showing the effect on the yield of hydrazine of adding hydrazim 
to a mixture of ammonia and bleach. 
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Substitution, of Other Substance fur O', hit in as CaUibj<t. 


The substances employed may be divided into those giving 
apparently homogeneous mixtures with water and those giving 
heterogeneous mixtures. Of the former, urea, saccharin, sodium 
azide, sodium oleate, sodium palmitate, and lithium chloride had 
no catalytic effect. 

Gelatin, glue, anil peptone prut bleed the same effect at all the 
concentrations employed. Starch, dextrin, and sucrose catalysed 
the reaction, but only appreciably when u»ed in amounts IW to 
300 times that of the gelatin. The effect of the sodium salts of 
glutamic acid, tyrosine, tryptophan, and uric acid was insignificant. 
Peptised silicic and stannic acids had strong catalysing act ioilv 
the yield of hydrazine obtained with stannic acid being about 
equal to that produced by oiir-tlmd the quantity of gelatin; with 
silicic arid, however, a yield equal to that obtained with glue 
not be attained. 

It was found tlial the reaction could hr catalysed In Mih.'E.ciu 
„ueh as animal charcoal. wood charcoal, asbestos poudn, 
powdered meerschaum, when these were present in 
large quantities. Kie.-dguhr, calcium phosphate, silica gel. in* 1 
chalk, and kaolin had no action. 
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Some of the substances were ground in a Plau.son colloid mill 
and it was found that by this means the maximum yield could be 
attained with a smaller quantity of substance. 

It has been stated that there is no difference in the catalysing 
properties of gelatin glue, and peptone, anil that the aminoaeids 
have comparatively little catalysing action. As peptone is pro- 
duced from gelatin by hydrolysis, on boiling the latter with hydro 
chloric acid a stage should come at which (ho catalysing action of 
Ihc product will have diminished. It was found that on boiling 
a 10 per cent, solution of gelatin in o-V-hydrochioric acid the 
activity of the product decreased after ten minutes and after 
sixty minutes was only about 1.5 per cent, of that of the original 
soli. ion. By this means it was found possible to produce a 
catalyst of low viscosity which did not froth on boiling, but which 
possessed a catalysing action equal to that of gelatin. 

Mechanism of the Formation of Hydrazine . 

It is improbable that the action of the gelatin is due to the 
formation of intermediate compounds with chloroamine, because 
it was shown in the partition experiments that the existence of 
any such compound is not likely. .Moreover, this explanation does 
not account fur the bel.av.our of the substances which form hetero- 

n ” S " i,h " at ‘‘ r - T1, ° *»<* that the addition of 
hydrazine to the reacting mixture ..f glue, ammonia, and sodium 

thehrreir 'V ° ?*** * ,l<Was( ' i ' 1 tllp indicates that 
f * ' aklS plaep “‘wnliug to equation I (p. 1115) The 

catalyst therefore accelerates reaction 2 or retards reaction 4 
Ik former effect would be produced by strong absorption of the 

: , u r ‘"‘r i a. «.»„ 

subltuire ' S m , ,an ,” 0ny " ith ,hp tichaviour of insoluble 
anmimrtTf ' ** ,I,C pharpl ‘« ,a - «* known ,o adsorb 

“ 1 t0a arg0 pxtpnt - <> interesting to note that gelatin 

rwtion\i' ,lC1 “ re . th ° . UUMt i,etivp the Raschig 

action, aie also active m the inhibition of the breakdown of 

hc rogen peroxide by platinum ([red, ale. T.. I«»2I. 119, M9) aml 

’offoidal nht" hlbn ir n th ° 1>asiti,m of k.vdmxvlamine bv 

-olloul.il platinum (hndlay and Thomas, ihtf.. p. 17(1). ’ 

^ZCtTrr^ A " ,PPr Kap, *‘ r >- s '^cnston, and 
^.author wishes to thank Mr. Hinton I. O.B.K.. K.I.C.. and Messrs 

ndnstnes. Ltd., for jiermission to publish this paper. 

-Ammea IVtorv. Wenston. ;/?or,Vo /. ., m u„r„ V,K tm , 
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OXXVI . — The Labile Nature of the Halogen Atom in 
Organic Compounds. Part VIII. The Action of 
Hydrazine on the Halogen Derivatives of Acetoacetk 
and Benzoylacetic Esters and of Benzoylacetone. 

By Alexander Ktllex Macbeth. 

In a previous paper of this series attention was directed to the 
fact that mono- and rii-ehloromalonie esters have a greater oxidising 
action on hydrazine than the -eh loro -derivatives of acetylacetonc 
(T., 1922, 121, 11 10). This observation was further supported 
by the study’ of a series of substituted chloromalonic esters (dm/., 
p. 2169), and it was found that substances of this type are ipianti. 
tativelv reduced by hydrazine hydrate with liberation of nitrogen, 
'['he different ehloro-diketones examined (yy-dicldoroacetylaoc*tont\ 
4 : 4-dichloro-l : l-dimcthylfyr/ohcxaiie-!> : d-d i one, cyclo lioxane- 
#piro - 4 : 4-dichloroeyrZohcxane*:i : 5-dione, and the corresponding 
monoehloro-eompounds) wen* found to be unacted upon by hydrazine 
hydrate at the ordinary temperature, and it was suggested that 
the greater reactivity of the chlorine atom in the malonie derivatives 
was connected with the fact that it was subjected to the inflame 
of the two cthoxyl groups in addition to that of the two koto-group*, 
On the jxdarity basis this is represented as follows : 

< > 

KtO~i\ _ 
r -CHCI 
, - ,/- 


(Halo-, u r. .vi is . . ( Mali. i gen n-artiw.) 

Gupta and Thorpe (T., 1922. 121. 1*90) take exception to tlii? 
view, lx cause if it is applied to the case of the bnuno-coinpuruk 
dibromnmalnnie ester should brominat- more readily than 4 : 4-di- 
bromo-I : !-dimethyIcvr/ohexani‘-I» : .l.dione: and this they find 
is contrary to the experimental facts. It is well known tnatin 
general the introduction of a earhethoxyl group for the <arboay 
group in the diketones results in decreased reactivity; audits 
on account of thf exceptional behaviour of the rhlorouialoiur 
esters in the reactions referred to that we directed attention tot « 
supposed intluenee of the additional ethoxyl groups. IIh l ^ n 
atom certainlv seems to be susceptible to such influence. f |>r ^ ( 
examined further eases in support of our previous observalk)!^ 


O 
1 1 

K — 1\ + 


cun 
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found that, whereas the chloro-derivati ve» of diketones are not 
reduced by hydrazine, the halogen compounds in which an additional 
ethoxyl group is present arc readily acted upon by this reagent. 
Thus, y-chloro- and yy-dichloro-benzoylacetonc liberate no nitrogen 
from hydrazine hydrate at the ordinary temperature, but the halogen 
derivatives of acetoacetic and benzoylacetic esters liberate nitrogen 
quantitatively under the same conditions. From these results it 
would appear that the reactivity of the chlorine atom is increased 
by the introduction of the ethoxyl group, and (his may be explained 
on the polarity basis in the usual way. 

y-Chloro- and yy*dichloro-bcnzoylacetone are conveniently 
prepared by the action of sulphuryl chloride on (lie parent diketone. 
They are readily converted into substituted pyrazoles by the action 
of p-nitrophenylhydrazinc. Tims y-cliloroberjzoylaeetone gives rise 
to 4-chloro-3(or oJ-phenyM-p.nitrojihenyl-dfor 3)-methyIpyrazole 
(compare Morgan, Drew, and Barker, T , 1922, 121, 24.37 )* whilst 
the dichloro-co m pound is converted into 4-p-nitrobenzeneazo-3(or 
5)-phenyM-p-nitrophenyl-5(or 3)-methylpyrazoIe (IT) : 


XO l /C (j H 4 -X<^”“9 Ph 


(i.) 


'CMeX'Cl 


xo,-r B H.-x< N — V 11 ' 

c.Me:c'X:x , c 6 H J , xo, 

in.) 


From the results obtained it would appear that hydrazine may- 
be employed to determine the position of the halogen atom in 
impounds of the acetoacetic series. It is well known that bromo- 
^impounds of this class of ester in which the halogen atom is 
ittachcd to the z-rarbon atom readily change into the corresponding 
chromo-compound, especially in tl.e presence of liydrobromic acid 
Hantzsch, Bcr., 1S94, 27, 3.30, 3108 : Conrad, Btr., 1S90, 29. 1042) 
Imee the y-brorno-estem are unacted upon, whilst the a-eompounds 
ire quantitatively reduced by hydrazine hydrate, this reagent may 
*e conveniently employed to determine the amount of the .-form 
iresent and so to follow the * to y change. The identification of 
no oi ms has hitherto been based on the formation of thiazole 
envatives by the action of thiourea (Hantzsch, Bcr., IS!): 1 , 25 72S • 

i+n- 189 f’ 278 ’ tlu ‘ * tom P oll »d rising an ester of amino- 
Qethylt h 1 azolcea r boxy I ie acid (111), and the y-co<„ pound an ester 
amiuothiazolylaectic acid (IV). The substituted esters also 

octoacTtat° d " PS ° f 8 si,nilar tv l K ‘- “ethyl y-bromoethyl- 
bia/olvl t , f ° r cxam l ,1(> ' converted into methyl amino- 

“wblpropiOMtc (V) (Conrad and Kreiel.gauer, B,r..' IS!)(i, 29. 
be thin? Is ' % ielont that although the isolation of compounds of 

i3 C ^ S ‘ V0S a " “cation <*f the nature of the main 
oastituent. of a bro.uoaeetoaeetie ester, it cannot I ployed as 
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the basis of an accurate estimation of the amounts of the a- and 
y-forms present in a mixture of the bromo-compounds. The 
hydrazine reaction is found to be very convenient in such work 
in the case of the substituted halogen esters. 


H 2 X-C< S 'fl‘ C0 * R H,\-C< S 'n H 
2 N-C’Me 2 X-C-CHj’COjR 


(ill.) 


(IV.) 




S-CH 

K-C-CHMc-CO.M, 

(V.) 


The case with which the a-bromoacetoacctic esters pass over into 
the corresponding y-compounds in the presence of hvdrobromie 
acid makes it a matter of difficulty to prepare the pure y . -derivative 
by ordinary bromination methods. Bruhl [Bcr., 1003, 38, 1731 ) 
pointed out that if the bromination is carried out in the presence of 
a solution of sodium hydroxide the pure * -derivative will be obtained; 
and this is found to be the best method of preparing ethyl a-brnmo. 
acetoacetate. Smith (J. Amer. Chan. >S’oc., 1022, 44, 218) has 
shown that if the ester is brominated by introducing the bromine 
vapour by a rapid current of air — which also sweeps out the hydro- 
gen bromide formed — the product "ill consist mainly of the x-bromo- 
derivative. This method of bromination is found to bp vm 
convenient in the preparation of the substituted x-brorno-cst.rs. 
which are thus obtained free from the ^-derivative. 

In brominations by this method it is essential that the operation, 
and the subsequent publication, be carried out without delay, 
as otherwise migration of the halogen atom from the a- to the 
•/-position will take pk;ee. This was specially noted in the ce.se 
of ethyl bromobenzylacctoacetate, which decomposed with the 
evolution of much vapour (probably ethyl bromide) on distillation 
under reduced pressure. A solid which collected in the condenser 
and the receiver was probably a-henzyltetronic acid, produced 
by decomposition of the -,-hromo-ester : 

( ' H H H '< M ’[ 1 15/H '< ).Kt - \ l!li? '< °>0 Kt Ur. 

CO-CII, 


A point of interest has been observed in the ease of the halogen 
derivatives of ethyl acetoacetate. These compounds react with 
hydrazine hydrate, but the volumes of nitrogen liberated aretes 
than the theoretical amount, the inonoeh loro-corn pound yielding 
some 83 per cent., and the nionohrnmn-derivative about 
cent., of the calculated quantity. This behaviour may he conni-eted 
with the basic nature of tin* reagent-, which may stabilise tie 1 mono - 
chloro- and monobronm-acetoaectutes to some extent in tin 1 eitolif 
form. This view seems to be Mippoited by the fact that the 
halogen derivatives of the substituted aeetoaeetic esters in 'die 1 
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cnolisation cannot take place — react quickly with hydrazine hydrate, 
nitrogen being liberated quantitatively. Against this view it may 
be urged that disturbance of the equilibrium will tend to make 
the compound react entirely in the keto-form, and the Jow result may 
be due to secondary reactions such as the formation of ring compounds. 
Such reaction actually takes place, as corresponding pyrazolones 
have been isolated from the halogen derivatives of substituted 
acetoacetic esters, but the formation of the ring compound appears 
to occur subsequent to reduction, for the evolution of nitrogen is 
quantitative in the cases examined. Further attention, however, is 
being devoted to this question. 

Experimental. 

The estimations referred to in the following cases were carried 
out in a V an Slyke nitrometer, and 1 ex*, of hydrazine hydrate (50 
per cent, solution) was a sufficient excess for the quantities of the 
halogen compounds used. 

Ethyl n-chloroacetoacetate, was prepared by the action of sulphuryl 
chloride (1 mol.) on the molecular quantity nf ethyl acetoaeetate 
(Allihn, Ber.> 1878, 11, 567). The ch loro -ester boils at 1937760 mm. 
with little decomposition, and distils under reduced pressure as a 
colourless oil, b. p. 88 — 89711 mm., 1*4420. An alcoholic 
solution was prepared containing 1*645 grams of the ester in 25 c.c., 
and 5 c.c. of this solution liberated 15 c.c. X 2 at 17° and 760 mm. 
The bimolecular quantity therefore liberates 17*74 grams of on 
treatment with hydrazine hydrate, or 63*3 per cent, of the ehloro- 
compound reacts. 

Ethyl xx-dich loroa celcxt a. tatc was prepared by tin* action of a 
molecular quantity of sulphuryl chloride on the mouochloro -ester. 
It has b. p. 205 — 207 5 /750 mm., 1)1° .1 1 mm., and />]• 1 *440i?. 
Five c.c. of an alcoholic solution, containing 0 995 gram of the ester 
in 25 c.c., on treatment with hydrazine hydrate liberated 23*2 c.c. 
N 2 at 17° and 700 mm. The molecular quantity therefore liberates 
27*4 grams X,, or about 97 per cent, of the ester reacts. 

Ethyl a-chlorom ethylact toacc tatc is conveniently prepared by the 
action of sulphuryl chloride on ethyl nu t by iacetoa eetat e (Roubleff, 
Annalcn, 1890, 259, 254). It has b. p. 81” 13 mm. Five c.e. of an 
alcoholic solution, containing 1 -785 grams of the ehloro-ester in 25 c.c.. 
liberated 23*4 c.e. X, at 13 : and 700 mm. on treatment with hydrazine 
hydrate. The bimolecular quantity liberates 28 06 grams and 
therefore the compound consists entirely of the a- ehloro-ester. 

hlhjl a -chfarocthylaMtoacMc also was prepared by means of 
sulphury] chloride, and ha* h. p. 203 204 '770 mm., tKKr'lO mm., 
and ft 1 ,; 1-4372. 1-925 Crams were made up to 25 c.e. with alcohol, 
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and 5 c.c. of the solution liberated 23*6 c.c. N 2 at 10° and 760 nun, 
when treated with hydrazine hydrate. The bimoleeular quantity 
liberates 28*00 grams N 2 and therefore the compound consists entirely 
of the a-chloro-estcr. 

Ethyl &-ChloropropylacetMcdatc . — Fifteen grams of ethyl propyl, 
acetoacetatc were heated to about 40°, the molecular quantity of 
sulphuryl chloride was gradually added, and the mixture was thou 
heated on the water-bath for upwards of an hour. After washing 
with water and drying with anhydrous sodium sulphate, the product 
was fractionated under reduced pressure and distilled in a main 
fraction at 10S — 1 L0°/l0 mm. as a clear oil with a faint yellow 
tinge, >d; 1*4420 (Found : Cl -- 17 4. C 9 H 15 0 3 CI requires Cl 1 r! 
per cent.). An alcoholic solution was prepared containing 2'0G«i 
grams of the ester in 25 c.c., and ♦> c.c. of this solution liberated 
23 8 c.c. N.> at 16 and To 6 mm. The ester therefore consists 
entirely of the x-chloru-compound. 

Ethyl 7 -bromoiKitoac* fate was j)repared by Conrad s method 
( Ber 1896, 29, 1042). On distillation under reduced pressure, the 
ester had h. p. 115 — 120° 15 mm., a value which agrees with the 
records of Auwers and AutTeuberg (Her., 1917, 50, DoO) and Chick and 
Wilsmore (l\. 1910, 97. 19SS), but is contrary to the value 123710 
mm. recorded by Kpproeht 1891. 278, 77). An alcoholic 

solution of the customary strength was prepared, but it liberated 
no nitrogen on treatment with hydrazine. 

Ethyl ioaettfite is best prepared by Briilil s method 

(J3er.,'l903. 36, 1731). The ester has b. p. 99 U*2 ; 13 mm., and 
liberates nitrogen from hydrazine hydrate in the cold, but, as in 
the case of the chloro-compound, the reaction is not quantitative. 
2’09 Crams of tin* ester were made up to 25 c.c. with alcohol, and 
5 c.c. of the solution liberated 19*8 c.c. NX at 16 J and e>0 min. 
The bimoleeular quantity therefore liberates 23 2 grams X,, or 
about 82 - 6 per cent, of the bromo-ester reacts. "Hie solution liberated 
iodine quantitatively* from an aeidilied solution of potassium 
iodide. 

Ethyl y.x-tlibrowttu'fiw'it't loti , prepared according to Briilil; 
method (lor. rit .), has b. p. 120 124 13 mm. It liberates nitrogen 

from hydrazine hydrate in tin* cold, but tin* values arc lcv> than the 
theoretical amount. Five e.e. of a solutnm containing 1*44 grams 
of the ester in 25 c.c. liberate 22 o c.c. X., at 16 and 73n mm. 
Xearlv 92 per cent, of the ester therefore reacts. 

Ethyl t^Hrowom* thytar» trmnlntf.- -14*5 (irams of ethyl methy ■ 
aeetoaeetate were placed in a small Dresehel bubbler innmf^d m 
ice, and a|)proximately the calculated quantity of bromine ^ 
introduced by drawing a current of air through bromine into tv 
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apparatus by means of a suction pump. The current of air was 
thereafter maintained for fifteen minutes to sweep out hydrogen 
bromide and the excess of bromine. The crude bromo-estcr was 
repeatedly washed with water containing a little sodium thiosulphate, 
and after a final washing with water was extracted with ether. 
The ethereal solution was dried with anhydrous sodium sulphate, 
and after the removal of the solvent the ester was fractionated under 
reduced pressure. It distilled in a main fraction, as an almost 
colourless oil, at 03°/10 min., nj; 1*4560. The product is the pure 
a-bromo-estcr, for 5 c.e. of an alcoholic solution, containing 2*23 
trains of the ester in 25 c.e., liberated 23*6e.e.X 2 at 15 J and 760 mm. 
This corresponds with 100*2 percent, of ethyl a-bromomethylaceto- 
acetate. 

Ethyl OL-Bromoethylaccioacrtatc.— Sixteen grams of ethyl ethyl- 
acetoacetatc were brominated as described in the preceding case. 
The product consisted of the a-bromo -ester, which has b. p. 106°/11 
mm., and wj; 1 ’4586. 2*37 Grams of the pure ester were made up 
to 25 c.c. with alcohol, and 5 c.c. of this solution liberated 23*5 c.c. 
N 2 at 15° and 7G0 nun. This corresponds with the theoretical 
amount required for the pure a-bromo-estcr. 

Tf bromination is carried out at the ordinary temperature, 
some y-bromo -ester will be formed ; in one experiment, estimation 
with hydrazine hydrate showed that nearly 20 per cent, of the 
y-ester was present. The y-ester is probably the main product 
formed when the bromination is carried out by means of bromine in 
chloroform, for Nef (Anrnlen, 1801, 266, 94) has shown that the 
bromo-cster so obtained is converted in a-ethyltetronic acid and 
ethyl bromide when heated in a sealed tube at 100 3 (compare also 
Wedel, An mien, 1883, 219. 101 ; Domarev, .4 mi. Chim. Phys 
1880, [v], 20, 439, 4G5). 

Ethyl x-Bro mop ro pyh cdoa cetate . — Seventeen grains of the parent 
ester were brominated by the method described above, and the ester 
was obtained as a clear yellow oil boiling at 13010 mm., wj? 1*4610 
(Found : Br — 31*63. C g H 15 0 3 Br requires Br — 31*87 per cent.). 
Five c.c. of an alcoholic solution, containing 2'5l grams of the 
bromo-estcr in 25 c.c., oil treatment with hydrazine hydrate 
liberated 23*7 c.c. X 2 at 10 3 and 75G mm. This corresponds with 
99*82 per cent, of the a- bromo-estcr. 

Ethyl CL-Bromobcnzyhcdoactfak . — Fifteen grams of the parent 
ester were brominated in the usual way, and the product was 
obtained as a pale yellow oil which consisted entirely of the a-bromo- 
estcr. It has b. p. 180°/14 mm. and »j' 15280 (Found : Br = 26*91. 
^i*®isOjBr requires Br — 26*75 per cent.). Five e.c. of an alcoholic 
solution, containing 2*99 grams of the bromo-ester in 25 c.c., liberated 

g g* 2 
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23*4 c.c. N 2 at 14° and 758 mm. Thi3 corresponds with a percentage 
purity of the a-cster of 99*5. 

Ethyl ai-CkloroethylbenzoyhceUile (Ethyl a -Chlo ro-a- benzoylbutyrate ) . 
— Tlie ethyl benzoyltmtyrate used in the work was prepared by 
Hope and Perkin's method (T., 1909, 95, 2042). Ten grams of 
sulphuryl chloride (1 mol.) were gradually added to 15 grams of 
the benzoylbutyrate, and after the reaction was complete the 
product was dissolved in ether and thoroughly washed with water. 
After drying with sodium sulphate and removal of the solvent 
the residual oil was fractionated under reduced pressure and 
distilled at 156°/14 mm.; ti}> 1*5108 {Pound: 01 = 14-2. 
C 13 H 15 0 3 C1 requires 01 = 13*95 per cent.). The chloro-ester 
liberates iodine from potassium iodide, but the reaction is not 
quantitative. The ester consists of the pure a-ch loro-compound 
for 5 c.c. of an alcoholic solution, containing 2*545 grams of the 
chloro-ester in 25 c.c., liberated 23*0 c.c. X 2 at 15° and 758 mm. 
The bimolecular quantity therefore liberates 28*03 grains of nitrogen, 
which corresponds with the amount expected from the pure a-chloru- 
ester. 

Ethyl a -Bromoctkylbcnzoylacctatc (Ethyl x-Bromo-x-bcnzoylbutyrate), 
— The parent ester, when acted upon by bromine vapour introduced 
in a current of air, is converted entirely into the a -bro mo -derivative. 
The purification is carried out as in the cases previously described, 
and the ester is obtained as a clear oil with a faint orange tint. 
It has b. p. 18P/15 mm. and n\' 1*5350 (Pound : Ur = 26*51. 
C 13 H 15 0 3 Ur requires Br = 26*75 per cent.). The bromo-ester 
liberates iodine from potassium iodide, but the reaction is not 
quantitative even after two hours. The reaction with hydrazine 
hydrate at the ordinary temperature is quantitative, and therefore 
the ester consists entirely of the x-bromo-eompound. An alcoholic 
solution was prepared containing 2*99 grains of the ester in 25 c.c., 
and 5 c.c. of this solution liberated 23*0 e.e. X 2 at 16° and 757 nun. 
The bimolecular quantity therefore liberates 28 <H) grains of nitrogen, 
which is in good agreement with the theoretical value. 

y-Chlorobenzoylacclone . — The chlum-compound was first prepared 
by the action of chlorine on the copper salt of benzoylaeetone, a 
method which had proved successful in the case of other diketones 
(Auwers and Auffenberg, lor. n7.). The copper salt of tlie diketone 
is obtained in almost quantitative yield by shaking an ethereal 
solution of benzoylaeetone with an aqueous solution of copper 
acetate (Wisliecnus end Sfoeber, Brr., 1902, 35, 545). The dry 
copper salt was suspended in carbon disulphide and a stream of 
chlorine passed in until the precipitation uf the copper chloride was 
complete. After filtration, the carbon disulphide was removed under 
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reduced pressure, and the residue extracted with ether. The residual 
oil after removal of the ether was distilled under reduced pressure, 
and collected in a main fraction boiling at 145°/14 mm. 

A more convenient method of preparing the ehloro-diketone, 
and one which gives better yields, is as follows. Forty grains of 
the diketone are covered with ether and 35 grams (1 mol.) of 
suJphuryl chloride gradually added with shaking, a brisk reaction 
with the evolution of sulphur dioxide and hydrogen chloride 
occurring after each addition. The mixture is then heated on the 
water-bath for upwards of an hour to complete the reaction, and 
the residual oil, after being washed with water and dried, is frac- 
tionated under reduced pressure. It distils in a main fraction at 
142 0 /ll mm., having »}? 1*5672. Yield 42 grains, or 85 per cent, 
of the theoretical amount. The oil obtained on distillation does 
not solidify even after standing for two months. y-Chlorobenzoyl- 
acetone readily forms a copper salt ; it also liberates iodine from an 
acidified solution of potassium iodide, and after standing for a 
short time the reaction is quantitative. 1965 Grams of the chloro- 
diketone were dissolved in 25 c.c. of alcohol, and 5 c.c. of the solution, 
when added to an acidified aqueous -alcoholic solution of potassium 
iodide, liberated iodine immediately ; after standing for a short time, 
39*8 c.c. of .Y/lO-thiosulphate were required for titration, which 
corresponds with 01 = 17 07 {(• 1 „If ) 0 2 Cl requires 01 — 1806 per 
cent.). 

Alcoholic solutions of y-chlorobenzoylacetone do not liberate 
nitrogen from hydrazine hydrate at the ordinary temperature. 

On heating an alcoholic solution of the chloro-diketone with a 
molecular quantity of p-nitmplicnylhydrazinp, condensation takes 
place with the formation of 4-chloro-3(or 5)-phenyl-l-p-nitrophenyI- 
o(or 3)-methylpvrazoIe. After three crystallisations from glacial 
acetic acid, the pyrazole isobtained as orange needles, m.p. 155 — 157° 
(compare Morgan, Drew, and Barker, he. cti.). 

yy-Dichlorobenzoyfoectonf .— Seventeen grams (1 mol.) of sulphur vl 
chloride were gradually added to 24 grains of y-ehlorohenzoylaeetone, 
and the product was heated on the water-bath for half an hour. 
After washing with water and drying, the oil was distilled under 
reduced pressure and collected in a main fraction boiling at 158*/14 
mm. It is a clear, refractive oil, with a faint orange tint, 
K 1*5530 (Found : 01 ~ 31*0. O 10 H s 0 2 C1 2 requires 01 - 30 ‘7 per 
cent.). The yield amounts to mure than 80 per cent, of the theory. 
Die dichloro -com pound does not form a copper salt, nor liberate 
nitrogen from hydrazine hydrate at the laboratory temperature. 
It liberates iodine from acidified potassium iodide, but the reaction 
is not quantitative even after two hours. Both the eh loro-derivatives 
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of benzoylacetone have lachrymatory properties, but they do not 
irritate the eyes to nearly the same extent as the corresponding 
derivatives of acetylacetone. 

4-p- Xitrobenzenertzo-3(ov 5 )-phenyb 1 -\}-nitrophenyl-5(or 3) -methyl 
pyrazole. — 2*3 Grams (1 mol.) of 77-dichlorobenzoylacetone 
dissolved in 30 e.c. of alcohol, were added to a filtered solution of 
3 grams (2 mols.) of j5-nitrophenylhydrazinc in two litres of water 
containing a little hydrochloric acid, and the mixture was vigorously 
shaken. The colour of the solution gradually reddened and after 
some minutes the pyrazole began to separate as aflocculent, reddish, 
orange precipitate. The reaction was almost complete after an 
hour's shaking, but the mixture was kept for another two hours 
when the pyrazole was collected and washed well with hot water. 
It was crystallised once from acetone and several times from aqueous 
acetone to remove a highly coloured impurity, and was thus obtained 
as very fine, orange-red needles, m. p. 295- 297° (Found : N — 20 :!. 
C 22 H 1S 0 4 X 8 requires X ~-= 3 0*7 per cent.). The substance is 
moderately soluble in acetone or ether, less soluble in alcohol, and 
sparingly soluble in glacial acetic acid. It is our intention to studv 
tliis type of reaction further. 

Chemical Research Laboratory*. 

United College it St. Salvator and St. Leonard. 

University or Sr. Andrews. [Renlvl. Junwry 2~th, I!i23.’ 


CXXYII . — The Labile Nature of the Halogen Atom in 
Organic Compound*. Part IX. The Electrical 
Conductivities and the lied net ion of Derivative* of 
X it reform. 

By Thomas Henderson. Edmund La no lev Hirst, and 
Alexander Kii.lkn Macbeth. 

The Electrical Conductivity* of Derivative* of Sit reform. 

It has long been known that a largo number of organic compound? 
are to a greater or less degree conductors of electricity when dis- 
solved in liquid sulphur dioxide. The exhaustive research^ of 
Walden (Z. phyeikal. Cbm.. 1!H>3. 43. 3*5) showed that the 
equivalent conductivity of such solutions increased with increas- 
ing dilution in the same way as the equivalent- conductivity of 
aqueous solutions of electrolytes, and therefore lie ascribed the 
mechanism of conductivity in these eases also to ionisation of the 
organic compounds concerned. A review of the various substances 
investigated shows that the power of acting as an electrolyte 
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depends in a marked manner on the chemical constitution of the 
compound, one of the most interesting cases being triphenylmethyl, 
which shows a considerable conductivity in liquid sulphur dioxide 
(Walden, loc. cit.\ Combcrg and Cone, Ber., 1904, 37, 2044). The 
peculiar reactivity of the grouping involved in the union of three 
phenyl groups to one carbon atom is seen in the conductivity 
shown by triphenylcarbinol, triphenylmethyl chloride, and tri- 
phenylmethyl bromide; methyl bromide and trimethylcarbinol 
being non-electrolytes. In these so-called abnormal electrolytes 
the exact mechanism which leads to the formation of ions is not 
well understood, more especially in a ease such as triphenylmethyl 
where, tautomerism may play a very important part, in deter- 
mining the reactivity and the electrical properties, and therefore 
it. seemed to be of interest to investigate the behaviour of the 
somewhat simpler eases presented by derivatives of nitroform. 
where the groups are of the same polar type as in triphenylmethyl 
It has been shown in the earlier papers of this series that here the 
possibility of ascribing the remarkable reactivity to tautomeric 
changes may definitely lx* ruled out of account. In making the 
measurements the experimental procedure adopted by Gomberg 
and Cone {loc. cit.) was followed, with the exception that un- 
platinised electrodes were used in view of Walden’s observation 
that there was danger of platinised elect rock s being attacked in 
the presence of halogen compounds. For purposes of comparison 
with the nitroform derivatives the conductivities in liquid sulphur 
dioxide of other representative compounds containing labile halogen 
were measured. Observations were made for each of the following 
compounds, of which the first two were used as controls in testing 
the sulphur dioxide; ethyl bromide, ethylene dibromide, ethyl 
monobromomalonate. ethyl dibromomalonate. tet rani tromethane, 
ehlorotrinitromethane, and broniotrinitrometlmiu*. Those sub- 
stances may bo sharply divided into two classes, according to the 
magnitude of their electrical conductivities. Tot rani tromethane, 
ehlorotrinitromethane, and the mono- and di-bromomalonic esters 
gave such small values for their specific and molecular conductivities 
that they arc practically non-conductors in this solvent. It is 
evident, therefore, that the lability of the halogen atom in these 
compounds is not accompanied by ionisation in" solution in liquid 
sulphur dioxide. On the other hand, bromotrinitromethane dis- 
played a marked conductivity under similar conditions, and the 
values of the molecular conductivity were found to increase with 
t e dilution. There is no possibility, however, of interpreting the 
observations as being due to simple ionisation into ions of Br 
an . C(Js0 2 ) 3 , for by reference to the tables given in the ex peri- 
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mental part it will be seen that the molecular conductivity first 
increased to a maximum and afterwards fell slowly to a permanent, 
small value; at this stage a red colour developed in the solution, 
which then appeared to contain free bromine, the accompanying 
chemical change being of an exothermic nature. It may be noted 
in this connexion that previous work has shown the reactivity of 
the bromine atom in compounds containing labile halogen to be in 
general more pronounced than that of chlorine under similar 
conditions. The observed values of the conductivity give a record 
of the progress of the reaction, which was found to take place 
equally readily in ordinary glass vessels, and therefore is inde- 
pendent of an}' possible changes brought about by the passage of 
the current or by the nature of the electrodes. The low figure 
for the final conductivity of the highly coloured solution along 
with the presence of free bromine rendered it advisable to in- 
vestigate the behaviour of bromine in liquid sulphur dioxide. 
When highly purified material was used, the conductivities observed 
were in agreement with those previously recorded by Walden, but. 
it was found that in this case also the value of the conductivity 
was not constant, but decreased gradually with time until a steady 
state was reached at the end of about forty minutes. Taking 
all the facts into consideration, the most probable explanation of 
the various changes appears to be that bromotrinitromethane, like 
the corresponding chloro- and nitro-com pounds, does not itself 
function as an electrolyte, hut that during the course of the chemical 
reaction between the bromo- com pound and the sulphur dioxide, 
intermediate, ionised substances are produced. It is significant 
that the final values recorded for the coloured solution after the 
reaction are of the same order of magnitude as would be given by 
small quantities of free bromine. The reaction may be regarded 
as passing through a stage during which one or more of the com 
ponents of tlie system are ionised and finally further changes take 
place giving an un ionised product along with very slightly dis- 
sociated bromine. A reaction of this type, carried out wholly in 
a homogeneous system, would proceed until a definite equilibrium 
position" was reached, and the possibility of isolating the products 
will depend in large measure on the position of this equilibrium. 
Experiments with larger quantities of material, and therefore 
necessarily conducted in more concentrated solution, showed, 
however, that little decomposition of the bronio-coinpound bad 
taken place at equilibrium, a result only to be expected when 1 «* 
very* low value of the maximum conductivity at small dilution 
taken into account. The formation of hexanitroethane, wit-i 

liberation of bromine, from two molecules of bromotrinitromctlmnt 
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would provide a simple explanation of the observed facts, but 
with the experimental evidence at present available it is impossible 
to say whether the failure to isolate any of this compound is to 
be attributed to the small quantity of it present at the equilibrium 
point, or to the fact that it had not been formed. 

The Reduction of Derivatives of Xitroforrn. 

The reduction of tetranitromethano and the halogen derivatives 
of nitroform has already been the subject of some study, and it 
has been shown that alkaline? reducing agents, such as hydrazine, 
remove the halogen atoms from cldoro- and hromo-trinitromethane 
(Macbeth and Pratt, T., 1921, 119, 13.10) and eliminate one of the 
nitro-groups from the tetranitro-compound (Bailiie, Macbeth, and 
Maxwell, T., 1920, 117, 8S0). Further investigations showed that 
titanous chloride also removed these atoms or groups, and in 
addition reduced the resulting nitroform to guanidine (Henderson 
and Macbeth, T., 1922, 121, 892). The course of the reactions in 
reductions by this reagent was deduced from a study of the amount 
of titanous chloride oxidised by the intro-compounds, and as very 
dilute solutions of the materials were used in these experiments 
the yields of guanidine expected were so small that no attempt 
was made to isolate the product, it therefore seemed desirable 
to confirm the results of this work by applying other methods of 
acid reduction, isolating the final product of the reaction, and 
identifying it as guanidine. Such work is now described. Three 
methods of reduction were employed, the reactions being effected 
by (a) nickel -coated zinc and hydrochloric acid, (M iron with 
hydrochloric acid as a catalyst, and (r) iron with sulphurous acid 
present as catalyst. Guanidine was produced in all three cases. 

E X r E R I M K x T A L. 

Cliloro- and bromo-trinitrumethanes were prepared by the 
action of fuming nitric arid oil acetylene, followed by treatment 
with the halogen or halogen acid (T., 1921. 119. 3f4). Tetranitro- 
i ucthane was prepared by the action of fuming nitric acid on 
acetic anhydride (Chattaway, T., 1910, 97, 2u99). For the con- 
ductivity experiments, these compounds were purified by dis- 
tillation under diminished pressure in presence of silver carbonate, 
the distillation being repeated immediately before the substance 
vas required for use. 'Flu* bromotrinitroinethaue was further 
purified by crystallisation. 
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weighed quantities of substances were introduced into the cells 
in very small, carefully cleaned glass bottles. The sulphur dioxide 
was distilled directly into the cell and the weight of liquid deter- 
mined. This was reduced to volume by making use of the density 
figures given by Walden {Z. pkyaikal. Vhem . , 1901, 39, 518). The 
temperature was in all eases 0°. The Kohlrausch method of 
measurement with alternating current was used throughout. 


k ---- specific conductivity of the sulphur dioxide used, 
e — volume in litres containing one gram -molecule of solute. 

/it — molecular conductivity of the substance at the given dilution 
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All these values were constant and duplicate experiments gave 
almost identical results. 

Bromotrinifromcthuiir . - The maximum molecular conductivity 
and the time interval before it was attained are printed in italics. 
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Conductivity of Purified Bromine . — A sample of A.H, bromine 
was further purified by being shaken with water and with con- 
centrated sulphuric acid. It was kept over pure barium carbonate, 
distilled over phosphoric oxide, redistilled twice, and stored in 
sealed glass tubes. 
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Attempted Isolation of the Reaction Products. 

A concentrated solution of bromotrinitroraethane in liquid 
sulphur dioxide developed heat and began to colour after ten 
minutes at 0°. After twenty-four hours, the solvent was allowed 
to evaporate away from the red solution, and some of the gas 
was passed through water, which was then found to give a copious 
precipitate with barium chloride. The sulphur dioxide alone did 
not give this reaction, which was therefore due in all probability 
to the presence of free bromine. When the whole of the solvent 
had evaporated, a dark-coloured oil remained which froze at 0°; 
the crystals obtained after a small quantity of adhering oil had 
been drained away proved to be unchanged bromotrinitromethane. 
Xo trace of any compound of higher melting point could be found 
and, in particular, no hexanitrncthane (in. p. 14:T) could be isolated. 

Reduction of Deri rat ices of X iirofonn. 

Reduction with Zinc and Hydrochloric Acid , — Rakshit [J. Amer . 
Chcrn. Soc., 1014, 36, 1221) acted on totranitromethane with zinc 
and hydrochloric acid with the object of preparing tetra-amino- 
methane, but he obtained guanidine. The work was repeated by 
the authors, with minor modifications of the method, and similar 
reductions were carried out with chloro- and bromo-trinitromethanes, 
but in all cases the yields were poor, about 20—23 per cent, of the 
theoretical amount of guanidine hydrochloride being obtained. A 
typical experiment may be described. Zinc turnings (200 grams), 
having been immersed in a dilute solution of nickel sulphate over- 
night and washed with water, were mixed with 5 c.c. of bromo- 
trin itrometluine and 25 c.c. of water, and 4 c.c. -port ions of 
2X-hydrochloric aeid were run in at intervals with continuous 
shaking. The nitro-eompmind having disappeared, a further 
30 c.c. of acid wore added and the mixture, after remaining over- 
. night, was heated on a water-bath until the odour of the nitro- 
compound could no longer be detected. The liquid was then 
decanted, the zinc washed several times with boiling water, and 
sodium carbonate added to the combined liquid and washings. 
The filtrate from zinc carbonate was ucidiiied with hydrochloric 
acid and evaporated to dryness, tin* residue being extracted with 
rectified spirit. After removal of the solvent, the product was 
heated under reflux with absolute alcohol and the Altered solution 
evaporated to dryness. 'Hie crude guanidine hydrochloride was 
heated with a mixture of equal parts of absolute alcohol and ether, 
and a little vegetable charcoal (norit). and after filtration, removal 
of the solvent, and drying at 30° in a vacuum, 0’0 gram, or about 
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21 per cent, of the theoretical amount, of the pure hydrochloride 
was obtained (Found : Cl = 35*4. Calc., Cl = 3G 8 per cent.). 
The bromo-compound reacted more vigorously than tetranitro- 
methane or ehlorotrinitroin ethane, these yielding about 23 per cent, 
and 29 per cent., respectively, of the theoretical quantity 0 f 
guanidine hydrochloride. The chlorine content of the guanidine 
hydrochloride was in all cases determined by the silver nitrate- 
thiocyanate method; the results obtained were mostly | (w< 
probably on account of imperfect drying of the material. 

Reduction with Iron and Hydrochloric Acid . — A process in which 
10 grams of tetranitromethane were dropped, with constant shaking, 
into a cold mixture of 50 grams of iron turnings, 50 c.c. of water, 
and 5 c.c. of 2. V -hydrochloric acid having been found to give low 
vields of guanidine, the method was modified, a c.c. of the nitro- 
compound being added to a mixture of .50 grams of iron filings and 
50 c.c. of water, mechanically stirred, and cooled in running ice- 
water; on the addition of a few drops of 2 A -hydrochloric acid, 
reaction commenced and nitrous fumes were evolved, the tcm. 
perature rising unless the cooling arrangements were efficient, 
After upwards of an hour the main reaction was over, and the 
mixture was then heated on a water-bath until the odour of the 
nitro -compound had disappeared. f lhe sludge was removed and 
washed several times with boiling water, ammonia added to the 
combined filtrates and washings, and hydrogen sulphide passed into 
the alkaline solution to precipitate any iron that had gone into 
solution (in the best experiments it was found that little iron had 
dissolved). The filtrate from the iron sulphide was aeidilied with 
hydrochloric acid, boiled to expel excess of hydrogen sulphide, 
the precipitated sulphur removed, and the filtrate evaporated tn 
drvness. The guanidine hydrochloride was isolated from the 
residue as described in the preceding method. I lie average yield 
of guanidine hydrochloride in a series of experiments was about 
.“<) jjvr cent, nt the tin oret ieu! amount (Found: Cl 3(1' » per 
cent .). 

( *h lorotri n it romc thane was reduced in a similar way. 1 he 
average yield, however, was lower, amounting to 32- 34 percent. 
<4 the theoretical. 

The reaction was very vigorous in the case of the corresponding 
hrnniu-compound and very efiicient Cooling was necessary. I hr 
average yield of guanidine hydrochloride was 30 per cent. 

lit d a rt ion with Iron and Sulphurous Arid. Tetranitromotluim 
was readily reduced by this method, tin* procedure being simihir 
1o that described in tin- preceding seel ion. A relatively 
quantity of iron and u small amount of sulphur dioxide were 
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employed. Reduction proceeded rapidly and little iron was left 
in the solution at the end of the reaction. The reduction product 
consisted of guanidine hydrochloride, contaminated by traces of 
the sulphate, the latter resulting from the oxidation of the sul- 
phurous acid employed. 

Identification of the Reduction Product a-s Guanidine Hydro- 
chloride . — On account of the difficulty encountered in removing all 
traces of water from the products of the various reduction experi- 
ments the chlorine content of the samples was generally lower 
than the theoretical value for guanidine hydrochloride. It there- 
fore seems desirable to submit further proof of the identity of the 
products with this compound. The reduction product (2 grams) 
from one of the experiments was converted into guanidine nitrate 
as follows. The substance was dissolved in the minimum quantity 
of water and a few drops of concentrated hydrochloric acid, 2 c.c. 
of concentrated nitric acid were added, and after evaporation of 
the mixture to about one-fifth of its volume crystals quickly 
separated on cooling. These were collected and recrystallised 
from water. The guanidine nitrate thus obtained melted at 214° 
(compare Ulpiani, D.R.-P. 200431). As further confirmation, the 
reduction product was converted into a picrate in the usual way ; 
this had no definite melting point, but its nitrogen content was 
in good agreement with the theoretical value required for guanidine 
picratc (Found : X ^ 29 2. Calc., X ~ 29T0 per cent.). 

We wish to record our indebtedness to Miss J. Coupar and to 
Miss A, McLaren for valuable assistance, and one of us (T. H.) 
desires to express his thanks to the Department of Scientific and 
Industrial Research for a grant which enabled him to take part 
in this investigation. 

t'HKMlCAL RhsKAKCU LaROKAVmU V. 

Uxitkd Collkgk of St. Lkunaui. am. St. Salym^i;, 

UsiYEttsm or ST. An u hi; w s. ll'-iim], M-uxk 13//., 

(XXV 1 IL— Synthesis of ^-Hydroxy- 1 : 2-dimethyl- 
anthraquinone . 

by Arthur Taikdoukne and John Milukeh (.*ai:ntlett. 

lx continuation of the work previously communicated (X., 1921, 

9, 1573), it was decided to attempt to prepare other derivatives 
0 ^ ’ -‘dimethylanthraquinoue, but, if possible, by a method 
ciminating the troubles of isomerism normally incurred, thus 
securing independent evidence of the structure of cot upounds of 
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the 1 : 2-dimethyl series (derivatives of 111) obtained in reactions 
such as those described in the previous paper [loc. ci7., p. 1574). 
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lt is obvious that if position 5 in the o-i-xyloyl radicle (11} lx- 
occupied, then the only possible dehydration of tlu intenuediatt 
o-xyloylbenzoie acids must yield only the (4-substitutcd) 1 : 2-di- 
methylanthraquinone (III). 

The synthesis of 4-hydroxy-l : ^-climcthylantlira(|uinoJie was 
therefore attempted in this way, since it was known that phenols 
had been successfully condensed with phthalic acid by menus of 
boric acid (Bentley, Gardner, and Weizmumi, T., 1907, 91, 1630), 
Three different acids, corresponding with I and II above, can 
result from the condensation of phtlialie anhydride and o-4-xylein)!. 


7 s co 2 h 

Me 

•' ' ' Me 

ro.,H 

OH 

C0 2 H Me 

Mr 

CO 

OH 

CO 

Me 

Me 

~co- 

UH 

|V.) 


.VI. j 


(VI u 



but of these, only the first two. V and VI, are capable of condensation 
to a three-ring system, and moreover, the formation of the same 
hydroxyanthraquinone must result in each ease. Actually only 
one acid has been isolated, ami this is presumed to be the first o 
the three, V, since Bentley, Gardner, and Weizmann (/or. at.) hare 
shown that such condensations with boric acid take place only in 
the ortho-position to the phenolic group, in which circumstances tlw 
second acid shown above could not 1 m* formed, Morcowi, tlu t in 
formula cannot apply, since dehydration of this acid to give ■ a 
member of the three-ring system would obviously be inipnssi o 


K \ !’ i: K i m i; NTAI,. 

o-2-//ydro.i'V‘4 : ^-riinutlnflbuizoylftnnoir Anri, lvpiul <|ii«idit*^ 
(10 grams) of boric acid, phthalic acid, and o-4-xylenol were ie*» e 
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at 160° for four hours, and the reddish-brown product was poured 
into an excess of water and steam-distilled until no more xylenol 
or boric acid appeared in the condensate. The residue, consisting 
of substituted benzoylbenzoic acid, unchanged phthalio acid, and 
any xylenolphthalein formed, was separated by filtration while 
hot, washed with hot water, and repeatedly boiled with calcium 
carbonate, the combined filtered extracts finally being concentrated 
and then acidified with dilute hydrochloric acid. The acid so 
obtained crystallised from alcohol in small, while needles, m. p. 
17.)° (Found: by titration with iY, 10- baryta, equivalent — 270, 
209. C 16 H 14 0 4 requires equivalent — 270). The structure of the 
acid has already been discussed in the theoretical portion, 

i- Hydroxy -1 : 2-diniethylanthraqu inorn . -The dehydration was 
carried out in the usual way (compare previous paper, loc. cit ., 
p. 1577) except that it was found advisable not to raise the tem- 
perature above 100°. The condensed acid was mixed with ten 
times its weight of concentrated sulphuric acid and heated at 100° 
for an hour. The dark red solution obtained was poured on to 
broken ice, and the precipitated quinone collected, filtered, washed, 
and dried. Several recrystallisations of this substance from acetone 
gave small, feather-like clusters of golden needles melting at 169° 
(Found: C - 75*84, 7*500 ; H ~ 4 04, 4 72. requires 

(> 7G I9; H -T7G ]x*r cent.). 

It is expected that by this method of synthesis the various 
derivatives from l : 2-diniethylanthraquinone required will be 
obtained very much more conveniently than by the process described 
in the previous paper, their constitutions being also much more 
clearly defined. Methods for the removal of the radicle in position 
4 arc under investigation. 

King’s Collkce, London. Jicccired, March 3rd, 1023.] 


('XXIX .- -Investigation of the Mannan Present in 
Vegetable Ivory, 

By Joe ely n Patt i: ns on . 

Vegetable ivory, the endosperm of the i*ml of the tagua palm, 
has long been known as the most convenient source for the pre- 
paration of mannose. This sugar always occurs in nature in the 
form of polysaccharide-like condensation products termed manno- 
sans or manna ns, which on hydrolysis yield the simple hexose. 
ft is not surprising to find that in the past attention has been 
directed to the study of the products arising from the complete 
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hydrolysis of vegetable ivory, rather than to the more difhcult 
subject of the nature of the actual components of vegetable ivory 
itself or to that constituent from which mannose is derived. Patient 
research on the latter topics has only revealed for the most part 
scanty and indefinite information, which it will be convenient to 
summarise before proceeding to describe the results of the present 


investigation. 

By extracting vegetable ivory with cold 75 per cent, sulphuric 
acid, Reiss (Ber., 1SS9, 22, 610) obtained a carbohydrate, called by 
him seminin, which on hydrolysis with acids yielded a reducing 
sugar, subsequently proved by Fischer (Ber., 1889, 22, 1155) to 
be mannose. Later Johnson (J . Amcr. Ghent. Soc 1896, 18, 214 ) 
extracted vegetable ivory with 10 per cent, potassium hydroxide, 
and obtained a substance of the composition C 6 H l0 O 5 , which on 
hydrolysis gave mannose. Soon afterwards Baker and Pope (f., 
1900, 77, 676) described the isolation from vegetable ivory of a 
substance they termed hevulo-maiuian. They extracted by means 
of 5 per cent" caustic soda aud precipitated from the solution by 
addition of Folding's solution a blue copper compound, subsequently 
decomposing this with hydrochloric acid. The ensuing product gave 
analytical figures for C 6 H l0 O- ami mi hydrolysis yielded a syrup 
90 per cent, of which was convertible to nia:ino>eph;>nylhydra/.one J 
the remainder being considered to be chiefly fructose. Kxaminmj! 
vegetable ivory for other constituents, Iwaimtf (J. Ltndw., 1908,56, 
•> 17 ) detected small percentages of pentosan and methyl pentosan, 
Is well as a trace of araban. He also showed that apart from 
mannose, which was present in two modifications, as hvmieelluU; 
and maimocellulose, m> other hexuse was present in appreciable 
uuantitv. One of tln>e eeUub^s was subsequently shown by 
PringshVim (Z. ph r ld. 1912. 80, 376) to be hydrolysed by 

the action of a bacterial infusion acting on the ivory mud it>rL 
eivine rise to mannose and a trisaeeharide, considered tu be a 
trimuimnsc, which was isolated in the form of its phenylusazon^ 
The above account shows the position which had been run hoi 
in the. investigation of vegetable ivory when the work pn-ceeCiig 
in this laboratory on polysaccharide, wa, extended to include the 
inannan occurring in tie' natural product, and tlie P KMllt ^ ' 
deals with the results m> far obtained. The work now dcst-nlwd j 
just been completed when a l^per covering a portion of tin * 
field of research, was published by Pru.gsheim and Seifert ‘ 

Cht-tn 1T > '* 123, 2U5), who m resuming their work on heiimvi ■ 
loses undertook a .non- .Mailed *tu.Iy »f Uw 
vegetable ivory. Taking, «lv*utagr of a iwontiy dvu ^ l gw 
luvtk'id due to Sehmidt and (JraliUKilHl [It' !■, 0-1, *» l a 
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of using chlorine dioxide for the removal of the incrustive substance 
from plant products without attacking the carbohydrate present, 
they proceeded to isolate mannan by extracting the “ cleaned ” 
residue with 5 per cent, caustic soda. By this means, it appears 
that the mannan present as hemicellulose was extracted, whilst 
the residue consisted of mannocellulo.se. 

There can be no doubt that the product the above authors obtained 
is not identical with that isolated in the present investigation where 
a somewhat different method of extraction was adopted. This treat- 
ment consisted in first removing nitrogenous and resinous matter 
along with pentosans from the meal by a preliminary treatment 
with hot 10 per cent, sodium hydroxide and then extracting the 
‘•cleaned” material in a series of operations with 20 per cent, 
alkali. A polysaccharide-sodium hydroxide complex was first 
isolated by precipitation with alcohol, and subsequently decom- 
posed by dilute acetic acid to give the polysaccharide itself. It is 
obvious that the preliminary treatment would also remove most, if 
not all, the mannan which was collected by Pringshcim as well as 
the products isolated by the earlier workers, as, for example, the 
“ hevulomannan ” of Baker and Pope. Whilst Pringsheim’s com- 
pound is the modification of mannan described by Iwanoff as 
hemicellulose, the present research deals essentially with mannan 
in the form of mannocellulose 1 . 

This substance, which will be simply termed “ mannan,” was a 
white powder which required to be heated at 120' in a vacuum 
in order to be entirely freed from moisture, but which in the ordinary 
course of drying displayed a tendency to form into granules with a 
hard, horny surface. Jt was obtained practically ash-free, had no 
definite melting point, and did not commence to darken until 210", 
the substance being almost completely decomposed at 280'. It 
was insoluble in all solvents with the exception of concentrated 
alkali. Like the better known polysaccharides, it conforms to the 
anhydro-type of the general formula (C fi H 10 U 5 ) x . 

The extraction of vegetable ivory in the way described can 
scarcely give even an approximate idea of its actual content of 
mannan, for besides the amount actually isolated, ranging from 
& 10 per cent, of the original material, a certain amount, of which 
no accurate estimate can be made, is lot in the preliminary treat- 
ment with sodium hydroxide. Moreover, it was found that the 
extracted residue still contains mannan to the extent of P5 — 2 per 
cent, of the original weight of meal. It will be seen from these 
figures, however, that the content of mannan is much greater than 
would be gathered from the amount (4 per cent.) of crystalline 
mannose obtainable by the direct hydrolysis of vegetable ivory in 
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the manner recommended by Hudson (J. Amer. Chem. Soc ., 1917, 
39, 470). The discrepancy is readily accounted for by the fact 
that the drastic conditions required to attack the material and 
effect hydrolysis militate against good yields of crystalline sugar. 

So far as can be ascertained, mannan is based entirely on mannose 
residues, no other sugar or its derivative having been detected in 
the course of investigations on (i) the direct hydrolysis of the poly, 
saccharide by aqueous acid, (ii ) the hydrolysis of the polysaccharide 
by means of acid methyl alcohol, (iii) the decomposition of the 
triacetate by means of acid methyl alcohol, and (iv) the hydrolysis 
of methylated mannan. 

Unfortunately, the quantitative aspect of this work was greatly 
hampered by the extraordinary stability of the polysaccharide. 
This may be partly due to its physical condition, the horny surface 
covering the grains being extremely resistant to attack, krom the 
purely quantitative point of view, the most satisfactory result was 
that obtained by the direct aqueous hydrolysis of the polysac- 
charide. Some difficulty was experienced in obtaining the mannose 
in a crystalline condition when sulphuric acid was used as the 
hvdrolvtie agent, but when this was followed by prolonged treatment 
with dilute hydrochloric acid the crystalline sugar was obtained 
readily, the yield being 80 per cent, of the theoretical amount. 

Unlike starch, which is easily converted into inethylglueoside by 
heating with acid mcthvl alcohol, mannan was not readily attacked 
bv this agent, and much more drastic conditions than it is necessary 
to employ on the better known polysaccharides were required. 
It was found, however, that such portion of the mannan as took 
part in the hydrolysis was converted entirely into methylmannoside. 
which readily crystallised as being largely of the a-form. The 
major portion of the polysaccharide wn> unaffected by this treat- 
ment, and was recovered unchanged. 

The attempt made to bring about a quantitative conversion of 
the polysaccharide to rnethylniannoside by first preparing its 
triacetate and subsequently hydrolysing this by means of arid 
methyl alcohol was equally' unsuccessful. In this ease also, the 
substance showed marked lability towards the usual acetylatmg 
reagents. The method of Bariutt (./. Sue. (linn. Ind.. 1921, 40, 
St), which depends mi the use of sulphury! chloride, was found to 
be more satisfactory than those involving zinc chloride and sulph- 
uric acid as catalysts. Before these latter become operative ™ 
temperature has to be elevated to an extent which results in (coo 11 
position and hydrolysis. Kvcn under the best conditions, v 
acetylation could not he made to proceed quantitatively, turn 
being always a large percentage «*f mannan which resists l u 
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j on(rc d attack. The product of the reaction was a white, amor* 
phous solid, melting indefinitely at 128 — 145 \ which corresponded 
jn composition to mannan triacetate, (^H-O^CO-CH-jlg. 

Once obtained, this substance was readily and quantitatively 
convertible into methyl mannoside, which, as before, crystallised at 
once, the a-form being in large excess. 

The further investigation of mannan was concerned with the two 
basic factors of its constitution, namely, the type of sugar (stable 
form or y-form) to which the hexose units conform and the manner 
in which these units are combined. To solve both aspects of the 
constitutional problem, recourse must lie made to methylation, 
the application of which process has been fully discussed in previous 
papers issued from this laboratory, and need not be detailed here. 
Mannan, on being subjected to repeated alkylations by means of 
methvl sulphate and sodium hydroxide, yielded a substance cor- 
responding to a dimethyl mannan after four treatments. Three 
further operations raised the methoxyl content to 41 per cent., 
after which stage it became difficult to methylate further. In the 
course of three final alkylations, the methoxyl content of the 
isolated product reached 42 fi per cent., the substance then cor- 
responding closely to a trimethyl mannan. This was obtained in 
the form of a slightly yellow, amorphous, somewhat hygroscopic 
powder, which was insoluble in ether, but soluble in chloroform, 
ethyl acetate, acetone, or benzenes and displayed a marked tendency 
to form a jelly in these solvents, particularly in chloroform. 

It was hoped that some idea of the number of anhydro-hexose 
units constituting mannan would be obtainable from the molecular 
weight of methylated mannan, but this property of readily forming 
jellies with solvents prevented any trustworthy determination 
being made, and the figures which resulted varied over a very 
wide range. The peculiar behaviour of the substance would sug- 
gest, however, either exceedingly large molecules, or a high degree 
of polymerisation of simple units. 

For some reason which has not yet been elucidated, the methyl- 
ated mannan, when treated in the usual way, and afterwards more 
drastically, with acid methyl alcohol, failed to give a quantitative 
yield of the corresponding methylated methylinannoside, so that 
the resulting svrup was ultimately hydrolysed by aqueous acid to 
give the corresponding methylated mannoses. Analysis showed 
that the substance thus obtained was almost wholly trimethyl 
mannose, € 6 H 9 0 3 (0Me) 3 , and its further investigation as described 
m the experimental part proves that the material was not a mixture 
uf alkylated mannoses varying from tetramethyl mannose to 
dimethyl mannose, and giving the average composition of a trimethyl 
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hoxose. This particular trimothyl mannose, which was not further 
purified by distillation, was an almost colourless, fairly viscous, 
Isevorotatory syrup. 

The lsevorotation of trimethyl mannose was unexpected ; all other 
mannose derivatives encountered in the course of the investigation 
being dextrorotatory, A possible interpretation would have been 
to suppose that this particular compound belonged to the y-type, 
but against this view is to bo placed the marked stability of the 
polysaccharide itself, which, if based on y -man nose residues, would 
be expected to undergo hydrolysis easily. f lhc nature of the 
trimethyl mannose under examination was readily determined by 
its conversion in two stages, both of which involved almost quautita- 
tive reactions, to crystalline tetramethyl x-methylmannoside, which 
is regarded as the best reference substance of the stable type of 
mannose. The whole of the mannose residues were thus shown to 
conform to the ordinary or stable type. 

Discussion, of Results. 

The foregoing results need be discussed only in so far as they 
throw light on the constitution of mannan, which conforms to 
the ordinary type of polysaccharide of the general formula 
(C 6 H 10 O 5 )j, where .r, to judge from the behaviour of the sulvdanre 
itself as well as its fully methylated derivative, must be very large, 
All the reactions conducted on the substance have yielded mannose 
or derivatives of mannose, no other sugar having been detected, 
Despite the fact that the weighable quantities of products obtained 
from these reactions fall short of the theoretical amount required 
on the basis of mannan being composed entirely of mannose residues, 
the results seem to justify the conclusion that the polysaccharide is 
wholly a polya nhydro -mannose. Moreover, the fact that the 
hydrolysis of trimethyl mannan led simply to a trimethyl mannose 
and not to a mixture ranging from tetramethyl mannose to dimethyl 
mannose, proves that each hexosc molecule loses two hydroxyl 
groups in forming the polysaccharide, leaving the remaining three 
hydroxyls free* for mothylation. Again, since trimothyl mannose 
was entirely convertible to the tetramethyl niotby iniannoiuo, 
identical with that obtained by the mothylation of x-mcthyl- 
mail noside, it is evident that all the mannose residues conform to 
the stable type of sugar. 

These facts alone, however, are insufficient to establish the con- 
stitution of the polysaccharide, for as yet nothing can he said on 
the question whether the trimethyl mannose is a single indhkj ia 
or a mixture of isomerides differing in the position of the liUl ^ 
groups. Both the sugar and its corresponding incthylmanmM(r 
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were syrups which did not crystallise, and so the individual nature 
of the sugar itself is not as easily determined as in the case of starch 
and cellulose, which under similar conditions yield a crystalline 
tri methyl glucose. Then, again, information on the orientation of 
the methyl groups in trimethyl mannose is not yet available, so 
that noting can be deduced as to the manner in which the hexosc 
residues arc united. 

The further investigation of mannan will be continued in the 
direction of providing the necessary data on these two fundamental 
points, whilst the possibility is not overlooked that there may exist 
a disaceharide — related to mannan as maltose is to starch or as 
eellobiose is to cellulose — the constitution of which would also have 
important bearing on this structural problem. It is obvious, there- 
fore, that-, with so many essentials lacking, it would be idle to assign 
even a provisional constitution to mannan, on the basis of the 
results obtained up to the present time. 

K X V E 1U M E X T A L . 

The Preparation of Man-nan —Vegetable ivory meal was first 
subjected to a preliminary treatment with five times its weight of 
10 per cent, sodium hydroxide for half an hour, and was freed thereby 
from a large quantity of tarry and resinous material. The black, 
alkaline liquor was filtered off through fine copper gauze and the 
residual meal carefully washed with hot water. To this residue 
was added five times its weight of 20 per cent, sodium hydroxide, 
which was boiled for half an hour, when the solution was again 
filtered, and about one-third of its volume of rectified spirits 
added to throw down the sodium hydroxide-polysaccharide complex 
as a light, gelatinous precipitate. After carefully filtering off this 
substance and washing with rectified spirits, it was dissolved in 
hot water and dilute acetic acid added until the whole was just acid. 
On boiling for a few minutes, the polysaccharide itself was pre- 
cipitated as a white powder. lly repeating this sodium hydroxide 
extraction process on the residual meal, a further amount of sub- 
stance was obtained and material could still be extracted even 
after repeating the operation on the meal eight times. After that, 
however, the yield of substance became so small as to make the 
continued extraction not worth the extra time aud labour expended. 

The product from the first two or throe extractions discoloured 
on drying owing to the presence of impurities, and so it became 
necessary to repeat the alkali extraction on the substance itself to 
obtain a, pure ash-free product. The yield of mannan was 8 — 10 
per cent, of the original dry meal (Found ; — 4457 ; 11 — U\l 0 . 

^ 6 H io ^5 requires 0 - 44*44; H — 617 ]>er cent.). 
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Aqueous Hydrolysis of Mannan . — Five grams of pure niannan were 
hydrolysed under the conditions employed by Hudson ( loc , cit) 
on ivory meal. With the exception of a small residue, the whole 
gradually passed into solution. The acid was neutralised with 
barium carbonate, the precipitated barium sulphate filtered off 
and the excess solvent removed under diminished pressure, yielding 
as product a clear, still, yellow syrup, |aj 0 J- 3 ‘9° in water, 
Nuclcatiou of the syrup, dissolved in a small quantity of absolute 
alcohol and glacial acetic acid, failed to induce crystallisation, 
even after long standing. 

Condensation with aniline after the manner of Irvine and MeXitoll 
(X., 1910, 97, 1449), which with pure mannose proceeds quantita- 
tively, applied to 1 gram of syrup, yielded 0 45 gram of crystalline 
mannoseanilidc (in. p. 181"), corresponding to a content of 33 per 
cent, of mannose. Considering that the low percentage of mannose 
may have been due to the sulphuric acid having caused some 
liberated mannose to condense with itself, it was decided to con- 
tinue the hydrolysis using dilute hydrochloric acid, the whole of the 
syrup being now treated with 5 per cent, acid for eighteen hours. 
By this means the spccilic rotation was raised to -j- 10 ^ and on 
allowing the isolated syrup to stand it slowly solidified to a hard, 
crystalline mass. Yield -- 4 grains. When this hard solid was 
broken up and carefully washed with glacial noetic acid, white 
crystals of mannose of m. p. 131 —133" resulted. 

Hydrolysis of Extracted Residue. — In order to determine the equiva- 
lent of mannose present in the exhausted residue, fi grams of this 
material were hydrolysed by the same method as was applied to 
mannan. A small amount remained insoluble after hydrolysis with 
sulphuric acid, whilst tin* subsequent treatment with hydrochloric 
acid threw down an appreciable quantity of black, Inimus-likc 
material.. The process yielded a still syrup strongly reducing 
towards Fehling's solution, but which failed to crystallise. Yield 
about 70 per cent, of the weight of the original material. 

Condensation with aniline applied to I gram of syrup yielded 
0’22 gram of mannoscunilidc, indicating that 111 jut cent, d the 
syrup existed as free mannose. Whilst the reaction with aniline 
proceeds nearly quantitatively with pure mannose, nothing is 
definitely known as to how far the presence of other syrup inhibits 
the condensation, so that the percentage given must be regarded 
as a minimum 

Preparation of Mannan Triacetate. --In a typical experiment, usins 
Barnett’s method. 4 grams of mannan were vigorously stirred w* 
mixture of 25 c.c. of acetic acid ami 30 c.c.of acetic anhydride con- 
taining aulphuryl chloride as catalyst, tlu* temperature being mam- 
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tained at 70°. It was found advisable to renew the supply of 
sulphur dioxide and chlorine every four hours, for Hie action was 
extremely slow, little more than 1 gram of substance having been 
reacted upon in twenty-four hours. Isolating in the usual way 
at the end of this period, 1'6 grams of mannan triacetate were 
obtained in the form of a white, amorphous powder, of indefinite 
melting point, 128 — 145°, and [a] D — 30 J in chloroform [Found : 
0 = 49'79; H = 5*63. (J 6 H 7 O & (C0*CH3) 3 requires C — 50'00; 

H — 5*55 per cent-.]. 

An acetyl estimation by titration with standard sodium hydr- 
oxide, in which correction by a control experiment had to be made 
for the partial solubility of the regenerated mannan ” in alkali, 
gave CH 3 *CO ~ 44’7, 44*4 per cent. |C r> H 7 0-{C0 , CH 3 ) 3 requires 
OOCH 3 — 44*8 per cent.]. 

Hydrolysis of Triacetate to Methylmannoskk. — Two grams of 
mannan triacetate were hydrolysed by means of methyl alcohol 
containing 1 per cent, of hydrogen chloride, heated to boiling point 
under a reflux condenser. The acetate slowly passed into solution 
and the reaction was completed in eighteen hours, yielding a viscous, 
non-reducing syrup which quickly crystallised; [x] D -f 686° in 
water [Found : OMe = 15’5. Methyl mannoside, C 6 H n 0 5 (0Me) 
requires OMe = 15*9 per cent.]. The crystals, washed free from 
the small quantity of adhering syrup (3-inethylmannoside) by 
means of cold methyl alcohol, melted at ISO' and did not depress the 
melting point of an authentic specimen of i - methyl mannoside. 
Total yield of methylmannosidc (a- and ,3-) obtained -= 95 per cent, 
of the theoretical. 

Hydrolysis of Mannan to Methylmannosidc. — Milder conditions 
having failed to produce any result, 2 grams of mannan were heated 
in a sealed tube at a temperature of 140 for seventy-two hours with 
methyl alcohol containing 7\> per cent. of hydrogen chloride. In 
that time a dark brown solution had formed, while more than half 
of the original material remained unchanged. The product from 
the alcoholic solution was a still, non-reducing syrup which crystal- 
lised readily when nucleated with a specimen of x-methylmannos- 
ide; [a] D + 74*0° in ethyl alcohol (Found : OMe — 14 ’4 per cent.). 

Preparation of Trimethyl Mannan. — Mannan. of which 12 grams 
were used, was dissolved in 25 e.e. of boiling sodium hydroxide 
(40 per cent.), and after cooling was methylated under the same 
conditions as Merc applied to iiiulin (Irvine and Steele, T., 1920, 
117, 1474). The product was isolated along with sodium methyl 
sulphate by exactly neutralising with dilute hydrochloric acid, 
taking to dryness undvr diminished pressure, and then extracting 
the residue with rectified spirits. The extract was methylated in 
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the same way three times more, when the substance of inetlioxyi 
content equal to 3:1 per cent, became soluble in chloroform, this 
solvent was used for extracting the methylated mannan from 
inorganic material in the three further alkylations, which sufficed 
to raise the amount of methoxyl to 41 per cent. As the percentage 
of methoxyl increased, the substance increased its tenuency to form 
a jelly in solvents, which fact made its manipulation exceedingly 
difficult, and loss of product unavoidable. The process of methyl- 
ation was finally repeated three times, making ten u'«‘hyk.tioi !5 
in all, when the product attained to a methoxyl content of 4_(, p« 
cent. Yield = 5 grains. 

Hydrolysis of Twmthyl Xmma. Inmdkyl ; Uaim«--A 
hydrolysis with acid methyl alcohol to produce a methylated methyl, 
mannoside was first attempted. The suh, stance was dissolved m 
methyl alcohol containing 18 per cent, ol acid, and boiled under tk 
reflux condenser for forty-two hours. At the end of tins period, 
the isolated product was a fairly mobile syrup, the analy tical figures 
for which did not correspond, however, to a quantitative con- 
version of trimcthyl mannan to trimethyl mothyhnannoside. .More 
drastic conditions such as the prolonged action of 1 per cent, acid 
methvl alcohol in a scaled tube at m\ and treatment with methyl 
alcohol saturated with hydrogen chloride, did not give the expected 
product. The svrup was therefore submitted to aqueous lmirolpis 
with 8 per cent, hvdrochloric acid, the action of winch was complete 
in one hour. After neutralising with lead carbonate, removmg 
the precipitate, and evaporating the filtrate to dryness firuk 
diminished pressure, the residue was extracted with Mwi* - 
The solution, having been filtered iron, morgame maternl fix- 
evaporated, leaving a fairly vi.-cous, yellow syrup, 4, ,.[4 
- o»= in water [Found : for the umh-tilled material, 

H = S’30; OMe = 3!W. (.«»,« ^ 

jj-_ §•!(); OMe — 41‘D jm-i 1 crnt.J. 

To show that this substance. ,,, mauling so neany ... <",m^ 
tion to a trimethyl mannose, was not a mixture .a»gi«fc ‘ 
tetrametliyi mun.iose to dimethyl manno.-e w,u. 
such proportions as to jKisst-ss .his same composition, .h » 
of the syrup was di.-solved in 40 c.r. of water and iMrac.rd sc -• 
limes iimi separating funnel with 10 -I.m s . ol el.Uofona a 1™- 
which removes all the te.rame.hyl hoxnsc together ^ 

slight amount of uimethyl hexose fiom a mi. _ |, u t neither 
Only 8 per cent, of the whole syrup was thus extracU , „ 

this extract, nor that part of it soluble m ^ 

corresponded to tetrametliyi mannose. Ibis latte ■ r ■ rf]l 

to form a wvll-deliited, eiy.stall.iie amllde on to 
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aniline, but on conducting the condensation with the extracted 
syrup, no such compound resulted. 

Conversion of Trimethyl Mannose to Crystalline Tdramelhyl 
a ‘Methylmannoside. 

Stage /. Condensation with Methyl Alcohol — The syrup not 
extractable by chloroform in the last operation was condensed with 
methyl alcohol containing 0‘5 per cent, of hydrogen chloride, the 
reaction being conducted in a sealed tube at 100° for eighteen hours, 
in which period a constant specific rotation was attained of -f 44*7°. 
Isolating the product in the usual manner, and using chloroform 
as its final solvent, it was found to be a mobile, nearly colourless 
syrup, which distilled to the extent of 95 per cent, of its weight at 
a pressure of 0*0 mm. and a bath temperature of 135 — 140°. The 
colourless, mobile distillate was almost wholly composed of trimethyl 
methylmannoside, [a] D + 43*2° in methyl alcohol, 1*4610 
(Found : OMe — 49*6. Trimethyl methylmannoside requires 
OMe = 52*4 per cent.). 

Dimethyl methylmannoside was apparently present in the residue 
(OMe — 45*3 per cent.) and a slight amount of this substance would 
be associated with the distillate. 

Stage II. Methylalion . — The mannoside was twice methylated by 
means of silver oxide (3 mols.) and methyl iodide (6 mols.), the 
product being then isolated and distilled. In this way, tetrametbyl 
methylmannoside was obtained, in practically quantitative amount, 
as an extremely mobile, colourless syrup, b. p. 105 — 108°/0'4 mm., 

1*4464 (Found : OMe -= 60 0. Tetrametbyl methylmannoside 
requires OMe — 62*5 per cent.). This syrup crystallised at once on 
iiucleation with a specimen of tetrametbyl x-methvlmannoside. 
After draining on tile to remove the slight amount of the syrupy 
fi-isomeride, the crystals melted at 37 38 . identical with the 
recorded figure for tetrametbyl x-methylmanik-side. 

In conclusion, the author wishes to express his most grateful 
thanks to Principal Irvine, who suggested the topic, for his kindly 
advice and keen interest in the work, and also to the Department of 
Scientific and Industrial Research for a grant which enabled him 
to pursue the investigation. 

Chemical Research Laboratory. 

United College of St. Salvator and St. Leonard. 

University of St. Andrews. [liacirol Ma>\h \\» h , l'i 23 .j 
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('XXX. hnino-oryl Ethers. Part II. I he Iheiinnl 

~ " Decomposition of N- Arylanjliminoaryl Eth„ 
Hydrochlorides . 

By Arthur William Chapman. 

IS a previous communication <T., 1922, 121, 1C7<»), tlm formation 
of the anil of benzovlrcsorcinol (HI) on heating the hydrnehlor* 

of .Y-phenvlbenzimino-wi-hvdroxyphenyl ether (1) was deseriM. 

It was suggested that this reaction takes place m two stages, tin 
first being the decomposition of the imim. -ether hydrochloric. inv, 
resorcinol and benzanilidciminochloride (11), the ketone anil heinj 
then produced by direct substitution in the nucleus : 

l'hfXXPh 


',0-Ct'h 
J N l Ph,H0l 


SOH 


,>h ^ 

N Ih 


Mill 


OH OH 011 

(I.) (»•) (Ht.) 

In order to confirm this suggestion, it appeared desirable i,. 
investigate the behaviour of other members of the sans.- .am 
and for this purpose the hydrochlorides of X -phony 1- (l\) m 
X -p - 1 oly 1- br nziminoph env 1 others [\ ) wore chosen. 


VhC< mi 

m ^XPh,HCl 

(IV.j 


PhO' 


^OPli 
^X*C 7 H 7 ,HCL 
IV.) ‘ 


PhC 


Nil I’li 
NT}).! hi 
fVI) 


These mono-ethers had been previously prepared hy H-naMfe 

(Bcr., 1S93, 26, 920), who also obtained, but did not study tiair 

hydrochlorides. , . 

'For this investigation, the imin, -ethers were ]»*') »>’. ! 

Hant/ eh’s method, and also by the modification empb.yrn la 
the present author (t'X. cit.) in the ea,e of Y-phenvlben/niu,,e* 
hvdroxvphmiyl ether. The hydrochlorides were obtained ]'<- .• 
passing dry hydrogen chloride into ethereal or bciizcm 
of the respective imino-ethers. . . u 

A series of eX|Mriim*nts was then carried nut in ' VI|1 ‘ 1 , 

of '.V.pln nylh -Iiziminophenyl ether hydrochloride < I ) 
fur times varying from one to t \v< * huiii> at •’ 


or times varying »rom one 10 i “ . .. . „ „ . , VU M. 

the early par, of the heating, hydrogen e i “I n i 

.... . „r..,lii,l was the free iimuu-ethU. *“• . , 


Hie fili i) 1-0 1 v.A A..- rw . - . . , The viclik 

The most important product was the free mum.-e Ik ; ^ 

of pure material varied from IS to 3, JW «■ e.l - of u 
amount. When allowanee is made for the loss 
involved in its separation from the other substamts, . 
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yield is probably a safe estimate in the more favourable cases. 
The product of next importance was the hydrochloride of diphenyl- 
bcnzenylatnidine (VI), which was identified by conversion into the 
free base and direct comparison with an authentic specimen. The 
yield varied considerably, but averaged 18 per cent. A deposit 
of phenol was always observed on the sides of the reaction tube. 
Small traces of benzanilide and of phenyl benzoate were also found 
in some cases. 

In contrast to A r -phcnylbcnzimino-m-hydroxyphenyl ether hydro- 
chloride, hydrolysis with hydrochloric acid of the melt obtained 
after heating A r -phciiyIbenziminophcnyl ether hydrochloride yielded 
no hydroxy benzophenone ; an observation which has its analogy 
in the circumstance that phenol does not undergo the Hocsch 
reaction with benzonitrile. 

When a mixture of benzanilideiminochloride and phenol in 
molecular proportions was healed under similar conditions, it 
yielded a series of products identical with that from A'-phenyl- 
benziminophenyl ether hydrochloride. 

A similar series of experiments on A-p-tolylbenziminophenyl 
ether hydrochloride gave completely analogous results, the products 
being A T -p-tolylbenziminophenyI ether, di-p-tolylbenzenylamidine 
hydrochloride, benzo-p-toluidide, phenol, and hydrogen chloride. 

If these imino-ether hydrochlorides on heating undergo decom- 
position into phenol and the anilideimi nochlorides, the formation 
of the free imino-cthers and of the small quantities of anilides can 
readily be explained. The former will he produced by recombina- 
tion of the iminochloride and phenol with the evolution of hydrogen 
chloride at the high temperature, 


PhC 


3 T Ph,HCl 

^OPh 


— > PhC< 


XPh 

Cl 


HOPh — * 


PhC< 


NPh 
OPh 1 


HC1, 


and the latter by the action of traces of water oil residual unchanged 
iminochloride during the working up of the products : 

PhC- ^ f H 2 0 — *■ Ph-COXHPh + HCl. 


Xo completely satisfactory explanation of the formation of the 
amidine hydrochlorides has been found, and this question is 
undergoing further investigation. 

Uailst the observations on the two imino-phenyl ethers were 
thus in accordance with the view that their hydrochlorides decom- 
pose on heating into phenol and the anilideiminoehlorides, it 
seemed desirable to obtain direct ex|>erimental proof of t lie sugges- 
tion. K»r this purpose, advantage was taken of the difference in 
the boiling points of phenol and benzanilide iminochloride. 
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A quantity of iV-pheuylbeiizimiuophenyl other hydrochloric 
was heated under reduced pressure in a current of dry hydrogen 
chloride, the object of the latter being to keep any reformed irriino- 
ether in the state of its hydrochloride. This treatment yielded 
four fractions of distillate, which were examined hy conversion into 
crystalline derivatives. The first fraction contained phenol and 
some imino-ether. The imino-ether was probably formed as 
hydrochloride by condensation of phenol in the receiver uith 
benzanilideiminochloride vapour carried over with it. For quan- 
titative purposes, therefore, the imino-ether was considered ^ 
representing the corresponding weights of phenol and benzanj|j(j,.. 
iminochloride. The second and third fractions consisted of benz- 
n liilidei mi nochloride, but the composition of the small fourth 
fraction of high boiling jx>int could not he completely determined, 
Apparently it contained benzanilideiminochloride and the corn, 
sponding imino-ether. 

In the two distillation experiments performed, the total yiclfU 
of benzanilideiminochloride were Gil and 52 per cent., and nf 
phenol 33 and 35 per cent., of that calculated from the quantity n{ 
imino-ether hydrochloride employed. 

It would seem, therefore, that the main lirst products uf tin 
thermal decomposition of A'-iirylaryliiuinoaryl ether hydrochloride., 
are the corresponding phenols and anilidciminoehloridcs : 


Ar'C 


\Ar" MC\ 

N)Ar"' 


,WC.<^ r " ; HOAr"'. 


It apjx*ars probable that this type of decomposition is charac- 
teristic of the hydrochlorides of imino-aryl ethers in general: 
whereas the hydrochlorides of imino-alkyl ethers decompose hi 
heating into the corresponding amides and alkyl chlorides (compare 
Pinner. ** Uie Imidruiether, 1N92; Lander. '1'., !9oI, 79, lift. 1 : 
1902 , 81, 501 ; 1903, 83, 320, 7Gb) : 

kv *jlp Ht;l - uvo-xiiii" i ira 

In view of thi- contrast, the investigation is being extvmlrd if 
other classes ot imino-aryl ethers which do not appear to have been 
previously prepared. 

K x r e u t m i: N T A i.. 

N - Pken ylbcn z i m i nupht n yl Elh c r fl yd roch lor id . — A - Pheii y I benz- 
iminophenyl ether (13 grams) was dissolved in cold dry benzene 
(1.70 c.e.) and a current of dry hylrogcn chloride passed it^o the 
solution. The hydrochloride wa, precipitated as a pale yollow, 
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crystalline powder (yield 75 to 80 per cent, of the theoretical) and 
was dried in a vacuum desiccator over sulphuric acid and solid 
sodium hydroxide. It melted at 130 — 132 Q with decomposition, 
and was analysed by repeated extraction with hot dilute nitric 
acid and estimation of the hydrochloric acid in the combined 
filtrates (Found: HCl = 11*8. O^H^ON.HCl requires HCl = 
11*8 per cent.). 

Separation of the Products of Heating X - Phe nylbenzimino phe nyl 
Ether Hydrochloride. — Numerous experiments were performed, all 
the results being in agreement, One separation only is described. 

A T -PhenylbenziminophenyI ether hydrochloride (G grains) was 
heated in an oil- bath at 160- 170°, a gentle stream of carbon dioxide 
being passed through the tube to carry off the hydrogen chloride 
and prevent the darkening which occurred when the heating was 
done in the air. The hydrochloride melted and evolved hydrogen 
chloride during the first half-hour. A slight deposit of phenol 
formed on the cool upper walls of the tube. After one hour, the 
brown melt was cooled and extracted with hot benzene. The 
residue (0'60 gram) was a yellow, crystalline powder, the hydro- 
chloride of a base. It was converted into the free base, which 
crystallised in beautiful prisms (ni. p. 140 — 147°) identical with 
an authentic sample of diphenylbenzenylainidnie. The benzene 
extract was evaporated and the residue crystallised from alcohol, 
yielding X-phenylbenzi mi nophenyl ether (0'9G gram, m. p. 102 — 
103°), winch on recrystallisation melted at 104 — 105 and was 
identical with an authentic specimen. The mother-liquors on 
evaporation and extraction with ether yielded a further quantity 
of diphenyl bcnzcnylamidine hydrochloride (0*52 gram), which had 
irobably dissolved in the benzene. The ether extract was saturated 
ivitli hydrogen chloride and filtered from precipitated hydro- 
chlorides. It. was not found possible to work up the precipitate 
my further. The ethereal filtrate, on evaj>oration and erystallisa- 
ion from alcohol, yielded a very small quantity of benzanilide 
m. p. 101 — 1G2° and not depressing the inciting point of an 
luthcntic specimen). 

The Interaction of Benza n Hide i in i nochloride and Phenol at 
L50 — 100°. — A mixture of bcnzanilideiminochloride (6*5 grams) 
rnd phenol (3 grams) was heated at 150 — l GO" in a slow current of 
carbon dioxide. Fusion to a clear melt took place and hydrogen 
chloride was evolved. After two hours’ heating, the melt was 
cooled and worked up in the same way as the heated imino-ether 
lydroohloride, when it gave an identical series of products in 
similar yields. 

N-p- T olylbenzimi no pkc n yl Piker Hydrochloride. Dry hydrogen 



1154 CHAPMAN: MWO-ARYI. BTHBBS. TART n. 

chloride was passed through a solution ^-p-tolylhcn^. 
phenyl ether (15 grams) in cold benzene ( 20 ° c *^* (g00o ^ 

chloride was precipitated from solution by diy ethc (. • •) .is 

a viscous oil which rapidly crystallised. When completely 
crystalline, it was dried in a vacuum desiccator ovei sul plume 
aid and solid sodium hydroxide (yield lo gnm*). 1 ie n/,/ro. 
chloride is a pale yellow, crystalline sohel mcltmg at Id ^ lo4- 
with decomposition (Found: HU- -113*. <-'20 n-\HU 

rwmires HOI = 11 ’27 per cent..)- . . 

Separation of the Products of Heating S.p.TolyUx'izmueoph, ,,yl 
Ether Hydrochloride, - A'-p-Tolylbenziminophenyl etherhy,,,. 
chloride (0 grams) was heated for one hour and a half at IttM.ii 
in a slow current of carbon dioxide, 'the products were work,, I 
up in the same way as those from .V-phenylbenziminophenvl e, or, 
aid were found to be (in two separate experiments) fiee immu-i-i her 
(1-72 grams and HI grams), .ii-p-tolylbenzeiiylamulme hjtW 
chloride (0*2 gram and 0*77 gram), and benzo-p-to me u t — 1 r. !,u 

'"'iLdMOoi'i/ S-Phenylbenziminophenyl Ether Hydrochloride ,» 
a Current of Hydrogen Chhride.-ii rv hydrogen chloride was led 
through a large bottle to minimise pressure changes, and , honor 
by means of a capillary tube into a Olaisen flask «... laming, I* 
heated imino-ether hydrochloride (« grams). During the f)N 
sta „eof the distillation, heating was effected by an oil-bath tri.uiua.h 
ifaed from 100* to 200 . For subsequent fractions, a i»M 

^racliTmT' H? grams, b. p. 00 -S7 J ,32 mm.) was a viscous, pfle 
brown oil smelling strongly of phenol. It w« “ "j 

aqueous sodium hydroxide and filtered. he Ultra c, M. . 
excess of benzovl chloride, yielded phenyl benzoate (1 H a 
, n 05- OS'* 'melted at os -00- on crystallisation from ahxM. 
Tho residue insoluble in sodium lmln.xide w;w shdith 
iminoethcr <0*7 gram: .... |>. !« 07 : melted a, - 
metallisation from alcohol). ; . i lt f V( . rv 

'Fraction 2 (1*2 grams. ... p. *7 315 42 mm.) ^ 

sticky, yellow plates. On treatment with ho w-.t. r. . ^ ^ 
then set to a white solid (•»** gram. m. P- ( 

crystallisation from ale, .ho! yielded henzaml.de <« 4- . 

1 Fraction 3 (2 grams, b. p. 311 ■£»>■,** turn.. 

214* and 210 ) consisted of pale yellow , st'eky - ^ 

heated with excess of an.lme, extract!*' «' 1 * 7* j iv <i r05 iik-. 

chloric acid, and the extract made alkaline with - • , 

The precipitate (213 grams, m. p. 1*1 ) V"'''** 1 > m ' 1 ! 
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benzenytoidine (1’31 grams, m. p. 146—147°) on crystallisation 
from alcohol. 

fraction 4 (1*5 grams, b. p. 230—240° /42 nun.) consisted of 
brownish-yellow crystals. Attempts to separate the constituents 
of this fraction, met with no success. 

In a duplicate experiment, fraction 2 was treated with aniline, 
yielding dipheuylbenzenylamidine, and fraction 3 with water, 
yielding benzanilide, thus showing that these fractions each gave 
both derivatives characteristic of the imino-chloride. 

The author wishes to acknowledge his indebtedness to Dr. J. 
Kenner for the suggestion of the mechanism of the decomposition. 

C!u I vVUSTRV Dkpa rtment, 

The University, Sheffield. [Received, March 12 th, 1923.] 


OXXXI . — The Action of Hypochlorous Acid on 
Bornykne. 

By George Gerald Henderson and John Alexander Maib. 

The work described in this paper was undertaken with the object 
of comparing the behaviour of bornylene towards hypochlorous 
acrid with that of camphenc, and further of ascertaining if the 
chlorohydrin, which presumably would be produced, was a cldoro* 
borncol or a cli loroepi borncol , or possibly a mixture of both. 

It lias .been shown in a former communication (Henderson, 
Heilbron, and Howie, T., 1014, 105, 1367) that dilute aqueous 
hypochlorous acid converts eamphene practically quantitatively 
into a crystalline chlorohydrin, m. p. 93% which when heated with 
zinc and alcohol yields i>obomcol, and therefore is a chlorojso- 
borncol. Oxidation with chromic anhydride converts the chloro- 
hydrin into a ch loro-ketone, m. p. 132", from which camphor is 
obtained on treatment with zinc and alcohol, and whicli conse- 
quently must be a ehlorocamplior, possibly (J-chloroeamphor. The 
action of hypochlorous acid on bomylenc has been found less 
simple than on eamphene, for although bornylcne chlorohydrin is 
formed, that is not the side product. On the contrary, the solid 
obtained as a result of the reaction is a mixture of. at any rate, 
three different compounds. The separation of the constituents of 
this mixture was very troublesome, but ultimately we succeeded in 
isolating two of them — bornylcne chlorohydrin and a ehloro- 
eamphanc— in a fairly pure state. 
ftorhytene chtorohydrin, U l0 H l7 (.'H)H, is a soft, crystalline solid, 
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m p 99—101°, which yields a crystalline p -nitrobenzoate, m. p. 152°. 
When heated with zinc and alcohol, it is converted into bomeol. 
which was identified by determination of its melting point and of 
that of its p-nitrobenzoatc. Hence the chlorohydrm is shown t„ 

he a chlorobomeol. . , , . . 

When oxidised with chromic anhydride, bornylene chlorohydrm 
yields a ehloro-ketone, which was found to he identical with tl,, 
ehloroeamphor produced by the oxidation of camphene ehl„r„. 
hydrin (chloroisobomeol). This result was to he expected, because 
both bomeol and isobornool yield camphor on oxidation. 

Camphene chlorohvdrin yields isocamphenilanaldehyde when 
heated with alcoholic potassium hydroxide, or with moist silver 
oxide in presence of ether, hut the action of these reagents on 
bomvlene chlorohydrin takes a different course. Instead of an 
aldehyde, a compound is formed which reacts with p-mtrobenzoyl 
chloride to give a crystalline di-\>-nilrobenzoalt,m. p. 103-105, 
and presumably is a glycol, C 10 H 1C (OH) S Lnforhmately the 
quantity obtained was so small that we could do little more than 
prepare the nitrobenzoate of this compound. 

It appeared not impossible that an isomeric chlorohydrm-,, 
ehloroepibomcol — might also have been formed by the addition 
„f hvpoehlorous add to bornylene, but wo did not succeed m 
isolating any such compound from the products of the reaction. 

One of the other chloro-compoumls which are produced along 
with bornylene chlorohydrin by the method deserilied is a crystal, 
line* solid which has the composition C |0 H„U. It is & M\\ 

• at mated compound, and as it yields camphene when healed 
with zinc and alcohol it must be a cMorocnm,,hane. he pnnhcatior. 
„f tills substance being very difficult, it is probable hat our 
specimen still contained a little of a more highly chlorinated eoi, 
pound, and therefore the melting point observed, <1 d, 
probably not that of the pure compound. , . , 

Determination of chlorine in the residual product from 
the chlorohydrin and the clllorocaiiiphane had been sip. . 
indicated the presence of a third compound containing , a . 
percentage of chlorine. This substance was no iso a i 
state, but at the same time a specimen which still euuta £ ^ 
chlorocamphane was also found to lie comer u in •*’ ‘ ^ 

when heated with zinc and alcohol. Inking t* s a ’ ^ 

the results of analysis, into account, it seems probable t.iat 
dichlorocamphane, ( l0 H , l 2 * was present. cu a \vin& 

These results are somewhat similar to those obtained hj 8»« 
(»„//. Acad. Sc, Crama, 100.5, 401), who 
product of the action of hypoehlorous acid on eamph , 
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cauipheuc chlorohydrin, but also a solid cam phene dichloride and 
a mixture of three liquid cklorocamphenes. 

Experimental. 

Preparation of Bornylene Chlorohydrin . — A solution of 100 grams 
of bornylene in a little light petroleum was agitated with a dilute 
aqueous solution of hypochlorous acid in a large stoppered bottle 
until absorption of the acid was complete. The reaction pro- 
ceeded rapidly at first, the odour of the acid disappearing almost 
at once, and after leaving the mixture to stand for a time the 
aqueous layer was syphoned off, and the bornylene .solution shaken 
with a fresh quantity of the solution of the acid. After several 
repetitions of this treatment, the product became denser, and it 
was necessary to add some more light petroleum in order to prevent 
the formation of an emulsion which separated into two layers very 
slowly indeed. Finally, the solution of the product was collected, 
washed with a little water, dried over anhydrous sodium sulphate, 
and distilled. Each quantity of the aqueous solution withdrawn 
from the bottle was saturated with common salt and thoroughly 
extracted with ether, and the residue left on distillation of the 
ethereal solution was added to the main portion. The crude pro- 
duct was freed from a small quantity of oily and resinous admixtures 
by distillation in steam, and after several repetitions of the process 
was obtained in the form of a soft, colourless, crystalline mass, 
which melted at about 7o\ Determinations of the melting point 
of different fractions, and of the percentage of chlorine contained 
in them, indicated that the product was not an individual sub- 
stance but a mixture of the chlorohydrin with at least one. and 
probably two, other compounds. Fractional distillation in a 
current of steam effected only a very incomplete separation (if these 
constituents, and their extreme solubility in the usual organic 
solvents rendered it difficult to isolate them by fractional crystal- 
lisation. Ultimate!}', the chlorohydrin was obtained in a fairly 
pure condition by preparing a saturated solution of the product 
in methyl alcohol at the ordinary temperature, leaving the solution 
to stand in the ice-chest for some time, and quickly collecting by 
the aid of the pump the crop of crystals which had been deposited. 
A considerable number of crystallisations carried out in this way 
gave a substance which melted at 99- lol , and as further crystal- 
lisation had little nr no effect in raising the melting point, this 
was considered to be the practically pure chlorohydrin (Found : 
U1 — 18’“). (■ l0 H 17 ()(.‘l requires ('1 1 S-S per cent.). 

Bornylene chlorohydrin, C I0 H 16 <TOH. is a soft, colourless, crystal- 
line solid, ni. p. 1)9 —101% with a slight odour resembling that of 

li \i* 
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bomeol. It is very sparingly soluble in water, but extremely 
easily soluble in organic solvents, and volatilises very readily in 
a current of steam. When heated in air, it undergoes partial 
decomposition. 

The p-nitrobenzoale was prepared by addition of the calculated 
quantity of p-nitrobenzoyl chloride to a solution of the chlom. 
hydrin in ten times its weight of pyridine. A crystalline product 
quickly appeared, and after some hours was collected, washed 
with very dilute sulphuric acid, agitated with dilute aqueous 
sodium carbonate, and crystallised from alcohol, h rum this 
solvent it separates in colourless, lustrous leaflets, which melt at 
152°. It is readily soluble in ether or in hot alcohol, and less 
soluble in benzene or light petroleum (Found : Cl = 10-3 ; N 4-2. 
C 1 ^H 20 0 4 NC1 requires Cl - 10-5; N = 4-1 per cent,). 

Preparation of Borncol from Bornylene CMorohjdnn A 10 per 
cent, solution of bornylene chlorohydrin in methyl alcohol was 
heated under reflux with zinc dust until the slow reaction had 
come to an end. The solution was filtered, the residue washed 
with methyl alcohol, and the filtrate and washings were mixed 
with water. The oily liquid which separated was extracted with 
ether, the ethereal solution washed with water and dried over 
anhydrous sodium sulphate, the ether removed, and the residue 
distilled in a current of steam. The solid thus obtained was con- 
verted into a jMiitrobenzuate by the method described above, 
and this compound, after purification by crystallisation from alcohol, 
was found to have the same melting point, namely, 137', as the 
p-nitrobenzoate of bomeol. Moreover, on hydrolysis with alcoholic 
potassium hydroxide, it yielded a crystalline alcohol of m. p. 2u7- 
208*, which undoubtedly was borncol. It is therefore evident that 
“ bornylene chlorohydrin ” is a ehloroborneol, whilst, on the 
other hand, it has been shown that " eamphene chlorohydrin’ u 
a chlorowobonieol. 

Oxidatio" of Bornylene Chlorohydrin - The chlorohydrin was 
oxidised by means of chromic anhydride in glacial acetic acid 
solution. Oxidation took place fairly readily, and was complete* 
bv warming the solution on the water-bath. The oxidation |irotet 
was then precipitated by addition of wate r, collected, am 1 0 
in steam, and the solid distillate was converted into a semicarlozonc 
in the usual manner. The somicarbazonc crystallised from a 
in colourless leaflets an.l was found to have the melting pomt < 
practically the same as that of the semicarhazone of .y'^° r 
obtained hv oxidising eamphene chlorohydrin m a snmlar «■ 
(Found: ("i = 14-V. N 174. f || ll, s (»N a CI re<iu.ns U - ' 

X 17.3 jxt cent.). The semicarbazone was deeompo?- 
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heating with the calculated quantity of aqueous oxalic acid, and 
the liberated ketone was distilled in a current of steam, collected, 
and purified by crystallisation from methyl alcohol. The chloro- 
ketone thus produced, C 10 H 15 OCI, crystallises in small, colourless 
prisms, m. p. 131 — 132°. It has only a faint odour, is very easily 
soluble in organic solvents, and is readily volatilised in steam. 
From these results it is evident that this chloro-ketone is identical 
with that obtained by the oxidation of camphene chlorohydrin, 
being in all probability p-chlorocamphor. 

Action of Potassium Hydroxide on Tiornylene Chlorohydrin . — 
The chlorohydrin was heated under reflux with a methyl alcoholic 
solution of potassium hydroxide until no further separation of 
potassium chloride took place, and the solution was then diluted 
with water and extracted with ether. The ethereal solution was 
washed with water and dried over anhydrous sodium sulphate, 
and, after removal of the ether, a viscous liquid was obtained. As 
camphene chlorohydrin had been found to yield an aldehyde under 
similar treatment, part of the product from bornylene chlorohydrin 
was tested with semi carl) azide hydrochloride ami potassium acetate, 
but no trace of a semicar bazone was formed. To another part, in 
solution in pyridine, p-nitrobenzoyl chloride was added, in the 
proportion of 2 mols. of the reagent to 1 inol. of the product, and 
the liquid was heated on the water-bath for some time. On cool- 
ing, a crystalline solid separated, which, after successive washings 
with dilute sulphuric acid, water, and dilute aqueous sodium 
carbonate, was recrystallised from alcohol. Owing to the presence 
of a considerable amount of resinous matter, it was difficult to 
purify this substance, the final yield being very poor. A little 
of the compound was ultimately obtained in the form of a crystal- 
line, colourless solid, in. p. 103 — 105°. From the results of analysis 
it appeared to be the di-p-nitrobenzoate of a glycol of the formula 
C 10 H Jfl (()H) s [Found : X - 0-2. (XO 2 *C 6 H 4 *cb 2 ) 2 C 10 H 16 requires 
X = 6-0 per cent.]. 

Another portion of the chlorohydrin in ethereal solution was 
heated for some time under reflux with a slight excess of moist 
silver oxide. As no silver chloride appeared after several days' 
heating, the ether was distilled off and replaced by ethyl alcohol 
containing a little water. The reaction now proceeded with greater 
rapidity, and when it was completed the product was separated by 
addition of water and extraction with ether, and then converted 
into a p-nitro benzoate. This was proved to be identical with the 
di -p-nitro benzoate of the compound obtained by the action of 
alcoholic potassium hydroxide on the chlorohydrin. The total 
quantity of p-nitro benzoate produced was very small, and conse- 

e R* 2 



1160 THK ACTION 01«' UVL'OCHlONOUR ACID ON BOItN YLI2NE. 


quently wo were unable to separate and examine the presumed 

8 * Separation of other CMoro-componnda from the Original Product, 

As already stated, the product of the action of hypoehlorous arid 
on bomylenc contains other chloro-compouuds in addition to the 
ehlorohydrin. Partial separation of the ehlorohydrin was effected 
bv cooling a solution of the product in methyl alcohol, saturated 
at the ordinary temperature, and from the residual mixture, the 
other ehloro-eompounds were obtained as follows. The mixture 
was dissolved in pyridine and sufficient p-nitrobeuzuyl chloride 
added to convert all the ehlorohydrin present into the /i-nitm. 
benzoate. After the bulk of this ester had crystallised out, the 
solution was decanted and cautiously neutralised with icc-old 
dilute sulphuric acid. The solid which separated was partly 
purified by distillation in a current of steam and finally crystallised 
fix, m methyl alcohol bv preparing a saturated solution at Hr 
ordinary temperature, cooling in the ice chest, and quickly clk-tm; 
the crystals which had been formed. After several repetitions of 
this treatment, a fraction was obtained which melted at <1 i'i . 
This fraction was composed of colourless crystals, which have a 
slicht odour reminiscent of that of camphor, are extremely easily 
soluble in the usual organic solvents, and volatilise readily in 
steam. The results of analysis pointed to the formula C l0 H, ; tl 
(Found - Cl - - 20 S Calc.. Cl 20-0 per cent.). The compound 
is not readily attacked by alcoholic potassium hydroxide, and 
towards bromine and potassium permanganate behaves as a 
saturated substance. Heme we concluded that it must be a Mm- 
earn plume. This view was continued by heating it under retb.x 
with zinc dust and alcohol until the reaction was complete, ivlu-n 
the product, after puritication by steam distillation and ep»t«l 
lisatioii from alcohol, was found to be a saturated hydmcarlend 


m p. lo3\ whit'h undoubtedly was eamphano. 

The quantity of this chluroeamphane in <mr hands w tu« 
small to tHTinit of complete purification, ami our specimen 
contained a small proportion of a more highly chlorinate! mi a,u ■ 
Hence the melting point observed cannot Ik* regarded as tn< 

the pure chloroeamphane. , , | (Vl , 

The mnn' soluble part , from which this compomn ■ • 
separated, was not further purified, owing to Jac-k of rnatcml^ 
analysis showed the probable presence of a - .l.chl..n 

mixed with sm.ir of the inonoehloroeamphane. ■ " 

was found to .ontain 2!MI |«r cent, of chlorine, vrhib H( »» | ■ 
requires f| - Si* per cent. Moreover, this more. soluble ^ 
was a 1st) found to yield eampham* on treatment 'H 
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and alcohol. Hcncc it may be concluded that a ehloroeamphane 
and a dichloroeamphanc, C l0 H lc Cl 2 , are formed in addition to the 
chlorohydrin by the action of hypochlorous acid on bornylene. 

Wo arc indebted to the Department of (Scientific and Industrial 
Research for enabling one of us (J. A. M.) to take part in this work, 
and to the Carnegie Trust for a grant which defrayed some of the 
expense. 

University of Glasgow. [Received. March 2 9/A. 1923.1 


GXXXII. — Organo -d e rim ti vex of Thallium , Part VI. 

Compounds of the. Type R*T1X. 

By Archibald Edwin Goddard. 

Tt has recently been shown (Goddard, T., 1022, 121, 36) that the 
thalliuindialkyl salts prepared from the acids of the fatty series 
from formic to vi-octoie exhibit a fall of melting point with increas- 
ing molecular weight, this probably being connected with decrease 
of ionisation in the case of the higher members. These salts are 
now compared with the corresponding phenyl compounds, which 
wore prepared by the interaction of thalliuindiphcnyl bromide, 
silver oxide, and the fatty acid in xylene solution. The following 
salts were isolated : acid thalliumdi phenyl propionate, m. p. 164" ; 
the acid butyrate, m. p. 171°; the normal butyrate, m. p. 230*; 
the acid valerate, m. p. 176 ; the acid n -hexoate. m. p. 101 : the 
normal hexoate, m. p. 20S ' ; and the n-octoak, m. p. 105°. It will 
he noted that whilst the melting points of the acid salts rise as the 
series is ascended, those of the normal derivatives fall, just as in 
the case of the dialkyl salts. Whilst the solubility of the latter 
salts, however, increases as the molecular weight increases, the 
thulliumdiphenyl salts have a markedly decreased solubility in 
organic media. 

ThulUinndi phenyl o« and in •hromahcuzonte* and the p-mVro- 
benzoate were prepared from the corresponding substituted benzoic 
acids by the above method. Of the former two, the meta-deriv- 
ative is the less soluble; the iiitrobenzoate is more insoluble than 
the corresponding thalliumdiethyl salt. 

It was pointed out (Goddard, T„ 1021, 119, 1310) that thallium- 
dialkyl hydroxides react with the hydroxyl groups in nitro- 
substituted phenols. This observation has now been extended to 
include nitronaphthols and nitroso-compounds, and by the aid of 
thallium diphenyl oxide, phenyl compounds of the same type have 
been isolated. 
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By the interaction of thalliumdiethyl hydroxide and hexanit ro . 
diphenylamine, thalliumdiethyl hexanitrodiphenylamine was obtained 
in brilliant crimson plates, the colour being much more intense 
than that of the ammonium salt (aurantia). Tkalliumdicthjl 
p - be nzoqu i noneoximate was isolated as the quinhydrone, that is. 
containing one molecule of nitrosophenol of crystallisation, and 
in agreement with the rule that quinhydrone formation intensifies 
colour, this compound is blue black. In the case of thalliumdiethyl 
and thaUiumdiphenyl 1 : 2-naphtkaqui none-l-oximates, however, the 
green colour, which is similar to that of the alkali salts, indicates 
conclusively that complex formation involving the nit roso -group 
does not occur. 

Thalliumdiethyl 2 : G-dinitrophenoxide has a greater solubilitr. 
and is of a deeper orange colour, than the 2 : 4-derivative previously 
described, the latter difference being in agreement with the ohscrv- 
ation that those compounds of this type having the nitro- and 
hydroxyl-groups closer together display more intense colour. 
Thalliumdiethyl dinitro-o-tolyloxidc, which is the most explosive of 
the compounds now described, crystallises in deep orange plates; 
the thalliumdiethyl and thalliumdipkenyl trinit roan -iohjlox i dcs are 
deposited in brilliant yellow needles, whereas the picrates are 
decidedly o ra nge . 

Three naphthoxides have been isolated, namely, thalliumdidbjl 
and thaUiumdiphenyl trinit ro-i-naphthoxides, the former being deep 
yellow and the latter pale orange, and thalliumdiethyl dimlro- 
$-naphikoxtde> which is dull yellow. The analogue of l * naphthol 
yellow S,” thalliumdi ethyl 2 : A-dinitronaphthoxide-l-$ulphonate ) was 
isolated in long, golden-yellow needles. 

ThaUiumdiphenyl o- and p •nitrophrnoxidf* are paler in colour 
than the thallium-dimethyl and -diethyl derivatives and arc much 
less soluble in the usual solvents. 

In several previous communications the interaction of thallic 
chloride and various organo-imtallie compounds was studied: the 
investigation has now been extended with the idea of drawing 
some definite conclusions from the results of these reactions. Since 
mercury derivatives have been of considerable value in the pro- 
duction of organo-compounds containing metals, a more detailed 
investigation of their properties lias been made. Mercury dipropyi. 
now prepared for the lir>t time by the Grigrmrd read ion, yields 
with thallic chloride, thallutis chloride, mercury propyl chloride 1 , 
and thalliumdipropyl chloride. Mercury di/wamvl, on the other 
hand, only gives ihallous chloride and mercury isoamyl chloride. 
It was shown (Goddard, T., 1922, 121, 40) that mercury diphenyl 
and thallic chloride gave rise to thaUiumdiphenyl chloride, hut it 
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is now found that mercury dibenzyl yields thallous chloride, mercury 
benzyl chloride, and traces of dibenzyl, a decided resemblance 
between the uoamyl and benzyl radicles being thus indicated. 
With the hope of preparing mixed thallium compounds, thallic 
chloride was treated with mercury benzyl ethyl in ethereal solution, 
but mercury ethyl chloride, mercury benzyl chloride, and thallous 
chloride resulted, the odour of benzaldchyde also being noted. 
Whilst 2-chloromercurithiophen and mercury 2 : 2'-dithienyl readily 
react with arsenic trichloride to form organo -derivatives (Steinkopf 
and Baucrmeister, Annalen , 1917, 413, 331), thallic chloride causes 
the decomposition of the first compound only, the second giving 
no organic thallium compound. Better results are net obtained 
when thallic chloride and thiophen are heated together in the 
presence of mercuric chloride, but 2-iodomercurithiophen, treated 
as above, yields 2-chloromercurithiophen and thallous chloride. 

When thallic chloride in ethereal solution and p-aminophenyl 
mercuriacetate are shaken together, an unstable additive com- 
pound seems to be formed. It contains 1 1*06 per cent, of chlorine 
and 19-51 per cent, of thallium, corresponding to the formula 
2C 6 H 9 0 2 NIIg,TlCI 3 ; p-aminophenyl mer curio hloride behaves simi- 
larly, but if the above solutions are heated complete decomposition 
will take place. Neither p-bismercurianiline nor sodiocamphor 
gives rise to organic thallium compounds. It can be concluded 
from the above that only normal compounds of the type R 2 Hg 
give rise to thallium derivatives where R is any radicle except 
benzyl, thienyl, or an iso-group; in other cases substances of the 
type R 2 T1X are produced. 

It was recently shown {Goddard, loc. tit,) that thallic chloride 
and triphenylstibine yield thallous chloride and triphenylstibinc 
dichloride, and it is now found that the latter compound, after 
being heated with thallic chloride in xylene solution and kept for 
several months, gives thallous chloride and metallic antimony. 
Tri‘])-xylylstibina reacts like the phenyl compound, yielding 
tri-p-xylyl$tibine dichloride. In order to find out if the reaction 
between thallic chloride and an aromatic arsine is a general one, 
and tri-'p-xyhjlar sines, prepared by the Grignard reaction, 
were examined and found to yield the corresponding xylylarsenious 
chlorides. The reaction in the case of compounds of the elements 
in Group V can be summarised by stating that phosphorus and 
antimony yield no organo-thallium derivatives, whereas arsenic 
and bismuth are capable of yielding compounds of the type R 2 T1X. 

Tin triethyl chloride reacts with thallic chloride with production 
of tin diethyl chloride, whilst tin diethyl iodide interacts according 
to the equation Et*SnI +■ XIC1 3 - Et^nCl 2 + T1 -f 1 + IC1. Tin 
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dimethyl diethyl yields thallous chloride, thalliumdiethyl chloride, 
and tin dimethyl chloride. 

In the aromatic series, an attempt was made to prepare lead tetra- 
sw-xylyl in order to have an easy method of obtaining the unknown 
tha Hi urndi xylyl chloride, but had tri-m-xyhjl was isolated, even 
when the quantities used in the Grignard reaction should have 
given the tetraxylyl derivative. The compound thus obtained 
was monomolecular, although in more concentrated solutions it 
would no doubt associate. The investigation of this compound 
was not continued owing to the work of Krause in this field, h 
reacts, however, with thallie chloride to yield lead di-m-xylyl 
dirhloride and thallous chloride. 

Summarising the work carried out on compounds of tin and 
lead in the aromatic and aliphatic series, substances of the type 
R.M give rise to RJL\ S and R 2 T1X : lt ;i MX and R ;t MR' yiidd 
thallous chloride and il 3 MX 2 and R ;r MX, respectively; R.Jill{.,' 
produces R 2 'iMX., and R 2 TJX, where K' is the radicle of lower 
molecular weight; and R 2 MX 2 merely exchanges its halogen, X., 
should it be bromine or iodine, for the chlorine of the thallie 
chloride. 

Thalliumdiphenyl chloride is broken down by iodine mono, 
chloride as follows : Ph/flCl 2ICI - 2PhCl 4- T1C1 J- L. This 
differs from the reaction with tlialliumdiethy! bromide, when 4 only 
thallous iodide was isolated. 


K X P K Jl I M K N T A E. 

The following derivatives of thallimmliphenyl hydroxide were 
prepared. 

Acid ProjiionaV A mixture of I gram of thalliumdiplienvl 
bromide, 0*iH>5 gram of silver oxide, and 0*03 gram of propionic- 
acid (4 mol.) in 30 c.e. of toluene was boiled for two hours. Most 
of the solid dissolved and filtering and concent ration yielded Uv> 
gram of transparent, silky needles, which after washing with light 
petroleum melted at (Found : T! 40 31. Cj g H 2) 0 4 Tl requires 
TT--403H percent.). 'Hie arid salt is readily soluble in cold 
chloroform, hot alcohol, pyridine, ethyl acetate, or glacial acetic 
acid, fairly soluble in boiling water, and insoluble in ether or light 
petroleum. 

Arid I 'nhmi . [ >ing the above quantities and U'4S gram of 

valeric acid mo!.), 0’.V> gram of line, white needles were obtained, 
m. p. 170' (Found : Ti ■ 30*lb. 30-SI. requires TU= 

3 6' 35 per cent.). The salt is readily soluble in cold pyridine, 
alcohol, acetone, chloroform, or ether and in warm carbon tetra- 
chloride or water, and iji.sulnbh in light petroleum or cold water. 
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This salt may be re crystallised from chloroform without removing 
the acid of crystallisation. 

Acid Butyrate .— In this case, 030 gram (ij inols.) of butyric 
acid was used and 0*5 gram of waxy needles was isolated, in. p. 
171 ° (Found: Tl — 38*24. 0 20 H 25 O 4 TI requires T1 - 38 26 per 
cent.). The salt, which is soluble in all the solvents except light 
petroleum, was dissolved in acetone and reprecipitated with light 
petroleum, when the acid of crystallisation was removed, and tin* 
■normal salt obtained, m. p. 230° (Found : Tl - 45*05. fl IPi H 1T 0.,Tl 
requires Tl - 45-83 per cent.). 

Acid Hej'Ottte . — -TTsing 0*5 gram of n-hexoie acid. 0*55 gram of 
feathery rosettes of needles was obtained, m. p. 191 (Found : 
Tl ^ 34*60. requires Tl -■ 34 02 per cent.). By treat- 

ing this acid salt as was the acid butyrate, the normal n-hmMtr 
was obtained, m. p. 208°. 

-Prepared by using Oil gram (1 nn»l.) of ji-octoic 
acid, when 0 0 gram of waxy needles, m. p. 195 , was obtained 
(Found: Tl — 4007. requires ’I'l 40*70 per cent.). 

The salt is the least soluble of the series. 

y-Xitrobensaatc . — One gram of tliallimndiphenyl bromide, 0’294 
gram of silver oxide, and 0*350 gram of jV-nitrobenzoic acid in 
40 c.c. of toluene were boiled for live hours. From the mixture, 
U‘5 gram of faintly yellow, blunt-ended needles was isolated, 
which, after washing with light petroleum, melted at 22$ ~ (Found : 
Tl — 38 '35 ; X - 2*09. C W H 14 0 4 XT1 requires Tl ^ 38*92; X 
2*67 per cent.). The salt is soluble in cold pyridine, hot acetone, 
toluene, or ethyl acetate, and insoluble in chloroform, carbon 
tetrachloride, or light petroleum. 

o -Brouiobniyjalp . — Prepared from 1*24 grams of thalliumdiphenvl 
bromide, 0*33 gram of silver oxide*, and 0*576 gram of o-bronio- 
benzoic acid, by boiling in toluene for one and a half hours, 0*1 gram 
of glistening, cream plate* were isolated (Found: Br 14*S2. 
Ci<jH 14 0 2 BiTI requires 1b* 14*32 per cent.). Free acid was 

removed by washing with ether, the compound then melting at 
243*. it is soluble in organic solvents with the exception of ether 
and light petroleum. 

m-Bromobenzoatc.— IXing the above quantities, n*2 gram of 
glistening plates were obtained, m. p. 217 (Found: Br - 14*49. 
^'io^u0 2 BrTl requires Br - 14*32 jh*i* cent.). The suit is soluble 
in pyndine or toluene, fairly soluble in ethyl acetate, slightly 
soluble in acetone, and insoluble in other organic solvents. 

o*A itrophenoxide. -Thalliumdiphenvl oxide (0*56 gram) and 0*278 
gram of o-nitrophenol were mixed in a few drops of alcohol, 50 e.c. 
of water added, and the whole was boiled for half an hour, cooled, 
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and filtered. The residue was washed with alcohol, then agitated 
with ether to remove free nitrophenol, when 0*579 gram of a bright 
orange, crystalline powder was isolated. It melted at 247° to a 
blood-red liquid, and when gently heated turned scarlet, revert in f r 
to its original colour on cooling (Found : T1 = 41*64; N = 2-jo 
C 18 H 14 0 3 NT1 requires Tl = 41*12; N = 2*82 per cent.). The 
salt is soluble in cold pyridine, fairly soluble in acetone or alcohol 
giving yellow solutions, slightly soluble in toluene (becoming 
scarlet), ether or hot water, and insoluble in carbon tetrachloride 
or ethyl acetate, becoming decolorised in the latter. 

p-iY itrophoioxide . — From a mixture of 1*05 grams of thallium, 
diphenyl chloride, 0*5 gram of silver oxide (J mol. excess), and 04 
gram of p-nitrophenol in 60 c.c. of water, by boiling for three 
hours, a lemon-yellow product was obtained. After boiling this 
with 250 c.c. of water, filtering hot, and concentrating, 0*2 gram 
of bright yellow needles was isolated, which, after washing with 
alcohol and ether, melted at 251° with evolution of gas (Found: 
Tl = 41T9. C 18 H 14 0 3 Ti requires Tl = 41*12 per cent.). The salt 
differs from the ortho-compound by being slightly soluble in ethyl 
acetate and insoluble in alcohol, ether, or chloroform. 

1 : 2-Xaphthaquinonc-l-oximatC ' — A mixture of 0*40 gram of 
thalliumdiphenyl oxide and 0*148 gram of ac*nitroso-(S-naphthol 
in 50 c.c. of water, after boiling for three hours, was kept over- 
night, when an insoluble, green powder was obtained (Found: 
Tl = 40*23. C 20 H 1G O 2 XTl requires 11 = 40*31 per cent.). The 
compound crystallised from ether in microscopic, green needles, 
m. p. 23S 3 . It differs from the corresponding diethyl compound 
(below) in its insolubility in water and in that most of its solutions 
are green. 

Trinitro-m-tolyloxide . — From 0 5 gram of thalliumdiphenyl oxide 
and 0*332 gram of trinitro-wi-c resol, 0*4 gram of yellow needles was 
obtained, m. p. 231° (Found : Tl * 33*96 ; X - 6*81 . C 19 H 14 0 7 X 3 T1 
requires Tl = 33*99; X 7*00 per cent.). The salt is soluble to 
some degree in most organic solvents and gives an orange solution 
in toluene. 

Triniiro-x-uaphfhO'ride . — From 0*5 gram of thalliumdinlnnyl 
oxide and 0*381 gram of trinitro-a-naphthul, 0*53 gram of brilliant 
orange needles wan isolated, which melted to a blood-red liquid 
at 232 3 (Found: Tl = 32*01 ; X -6*59. r 22 H l4 0 7 X.,Tl requires 
Tl = 32*07 ; X = 6*61 per cent.). The salt is similar in solubility 
to the ethyl compound (below). 

The following derivatives of thaUiumdicthvl hydroxide were 
prepared. 

Thalliumdi ethyl HexanitrodiphenyUtminr.- -The thalliuindiethyl 
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hydroxide derived from 152 grams of the corresponding bromide 
was treated with 19 grams of hexanitrodiphenylamine in 50 c.c. 
of water and boiled for fifteen minutes. After three crystallisations 
from water, 1*1 grams of brilliant carmine plates having a violet 
reflex were obtained, m. p. 224° to a blood-red liquid (round : 
Tl = 29'14; X — 13*50. C 16 H 14 0 J2 N 7 T1 requires T1 — 29’14; 

X = 14*01 per cent.). The compound is insoluble in toluene, 
light petroleum, or chloroform and soluble in other organic 
media. 

p -Benzoqmnoneoximate . — The hydroxide from 0*5 gram of thallium- 
diethyl bromide was treated with 0-18 gram of p-nitrosophenol, and 
0-4 grain of blue-black needles having a violet reflex was isolated 
(Found: Tl- 40*57; N = 5*58. C 30 H 14 O 2 NT1,C c H 4 O 2 N requires 
T1 = 40*22 ; N = 5*53 per cent.). The oximate is soluble in water 
or pyridine, slightly soluble in alcohol, giving a brown solution, 
ancl insoluble in other organic solvents. 

1 : 2-Naphthaqiiinone-l-orimale . — Treating twice the above quan- 
tity of hydroxide with 0*46 gram of oc-nitroso-^-naphthol, 0*7 gram 
of deep green product was obtained (Found : T1 -= 46*55 ; N = 3*21. 
Ci 4 H 16 0 2 NT1 requires T1 = 46*99; N = 3*23 per cent.). The 
salt crystallises from alcohol in deep green needles, m. p. 217°, is 
insoluble in light petroleum, and readily soluble in other organic 
solvents, the solutions being coloured* brown, with the exception 
of alcohol and carbon tetrachloride, which give green solutions. 

2 : §-Din\lrophenoxide . — Thalliumdiethyl hydroxide (0*5 gram) 
and 0*27 gram of 2 : 6-dinitrophenol gave 0*35 gram of deep orange 
plates, which sintered at 182° and melted with decomposition at 
190° (Found : X = 0*33. C ]0 H 13 O-X 2 Tl requires X — 6*29 per 
cent.). The salt is soluble in the usual solvents with the exception 
of light petroleum, and the solutions arc yellow in colour. 

IH n it ro-o-tohjloxidc . — The above amount of hydroxide and 
0*29 gram of dinit ro-o-eresol yielded 0-53 gram of terra-cotta plates, 
which blackened at 215° and exploded with great violence at 
219 a (Found: T1 = 44*62 ; X = 6*05. C n H 15 0 5 X,Tl requires 
PI — 44*43; X = C*10 per cent ). The compound gives a yellow 
solution in acetone or ethyl acetate, orange in other solvents, and 
is insoluble in carbon tetrachloride or light petroleum. 

ruuiro-m-lolyloxide . — Using 0*35 gram of trimtro-?«-cresoI, 
0*62 gram of brilliant yellow needles was obtained, sintering at 
203° and decomposing at 214° (Found: Tl^ 40*33; X 8*32. 
C nHi 4 0 7 X 3 Tl requires T1 — 40*47 ; X -3 8*34 per cent.). This 
compound is not so readily attacked by fuming nitric acid as the 
d initio -derivative and has a similar solubility. 

Tri n itro-cL.n a pkthoxide . — The hydroxide from 0*9 gram of thallium- 
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diethyl bromide with 0*73 gram of trill it ro-a-naphthol yielded 
0*9 .j gram of orange plates, sintering at 213° and melting with 
considerable gas evolution at 220° (Found : T1 ------ 37*61 >; N -- 7-sn 

C 14 H 14 0 7 N 3 T1 requires T1 - 37-77 ; X — 7-78 per cent-.). The 
salt is slightly soluble in chloroform or toluene*, insoluble in li^ht 
petroleum, and soluble in other organic media. 

])i)utro-$-naphtho.ridt >. — By concentrating the solution fr uin 
0*42 gram of thalliumdicthyl hydroxide and tl-(jS gram of dinitm 
[3-naphthol, 0*35 gram of dull green ish-yelluw, microscopic. flat. 
(Tided blades was deposited. These commenced to decompose ;J | 
20$ , bui. although chairing with rise of temperature, did net 
actually melt at 280" {Found : Ti - 41*00. ( ’u H , r /> n X 2 Ti requires 
T1 — 41*20 per cent.). The salt is soluble in pyridine or acetone 
moderately soluble in alcohol, giving a reddish-yellow solution 
slightly soluble in chloroform, ethyl acetate, or other, becoming 
bright yellow in the last, and insoluble in carbon tetrachloride 
toluene, or light petroleum. 

2 : A-Diniirotaiphthoxidc-^-sid tifionatc . - -By treating 0-12 gram nf 
thalliumdiethyl hydroxide with 0*23 gram of 2 : 4-dinitromiplitlml. 
7-sulphonie acid. 0*4 gram of pale orange needles was obtained, 
which darkened at 217", but did not melt at 280 (Found: TI-, 
46*47; X - 3*27. C 18 H 21 0 s NVSTI,2H 2 0 requires Tl 46*77: 
X — 3-21 ])er cent.). The Salt is soluble in cold acetone or warm 
pyridine, moderately soluble in alcohol, and insoluble in other 
solvents; the col ear deepens in toluene. 

Preparation of M <rcr.ru t At prowl and it * Action on Thalli t 
('hloride . — To the solution from 23 grains of propyl bromide and 
4*3 grams of magnesium in loo e.e. of ether, 24-3 grams of mercuric 
bromide were added in mnull portions. Tie* reaction was accom- 
panied by violent boiling and all the mercuric bromide went into 
solution, after which the mixture was boiled for one hour and 
then decomposed by water. Extraction with ether yielded 4*5 
grains of mercury propyl bromide and 6-0 grams of iiietvurvdipropvl 
{b. p. 189 191 }. A small quantity of metallic mercury was also 

obtained. 

Thallie chloride (1 mol.) was added to 5*2 grains of mercury 
di propyl in 50 e.e. of ether, a vigorous reaction taking place, and 
0*9 grams of solid separated after standing over-night. This was 
washed with ether, which removed mercury propvl chloride: the 
remaining solid gave 0-S5 gram of t bullous chloride and 2*2 grams 
of thalliumdipropyl chloride, after treatment with alcohol (Found; 
Cl = 10*20. Calc., Cl 1LKS9 per cent.). 

Interaction of Mercury IhWwmyl and Thallie Chloride- To 
5 grains of mercury di/soamvl, 4*5 gran; uf thallie chloride in 2 » c.c. 
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of other were added and the mixture was boiled fur fifteen minutes. 
After filtering, the residue consisted of 2-0 grams of thallous 
chloride; the filtrate yielded 2*5 grams of needles, in. p. 86' J , 
identified as mercuric isoamyl chloride. 

Interaction of Mercury Dibenzyl and ThaUic Chloride. — A solution 
of mercury dibenzyl (M grams) and M grams of thallic chloride 
in 30 c.c. of ether was boiled, kept for several days, and then 
filtered hot. A residue of 0-75 gram of thallous chloride was 
obtained, whilst the filtrate yielded 1-2 grams of mercury benzyl 
chloride (in. p. 104°) and traces of dibenzyl. 

Interaction of Mercury Benzyl Ethyl and ThaUic Chloride.— -The 
nroduct from the interaction of 20-3 grams of magnesium ethyl 
bromide and 12 grams of mercury benzyl chloride w as treated 
with excess of thallic chloride in ethereal solution. A white pre- 
cipitate formed, and after standing a short time, this was filtered 
off and washed with ether, the remaining solid yielding 2-95 grams 
of thallous chloride, and the ethereal washings 0*25 gram of mercury 
ethyl chloride. The main filtrate, on evaporation in a vacuum, 
gave 7‘7 5 grams of solid, which was boiled with alcohol and filtered. 
A resiohie of 0-8 gram of thallous chloride was obtained, the filtrate 
depositing 2-2 grains of mercury ethyl chloride, m. p. 192°; further 
evaporation yielded 0*2 gram of mercury benzyl chloride, m. p. 
104 — 105°. Removal of the last traces of alcohol gave 0*5 gram 
of an oil, having a strong odour of benzaldehyde. 

Interaction of 2 - 1 ode at ercu riihio phen and ThaUic Chloride . — 
Two grams of 2-iodomercurithiophen were added to 1*5 grams of 
thallic chloride in 50 c.c. of absolute alcohol. A yellow' coloration 
developed, and after boiling for fifteen minutes the mixture was 
filtered hot. The residue (1*1 grams) consisted of thallous chloride, 
and the partly evaporated filtrate yielded HI gram of 2-chloro- 
nurcurithiophen, m. p. 183”. Further evaporation gave a small 
quantity of crystals which contained iodine. 

Interaction of TriphcnyUtibinc Dichloride and Thallic Chloride . — 
Triphonylstibinc diehloride (3*5 grains) and 3 grams of thallic 
chloride were boiled in 50 c.c. of xylene for two hours. The mixture 
gradually blackened, and after standing for a week the residue 
was filtered off; it consisted of thallous chloride (0*9 gram). After 
six months, during which the filtrate spontaneously evaporated, 
the residue, consisting of long needles and shining plates, was 
washed with acetone: the undissolved plates were found to be 
metallic antimony (0*6 gram). Evaporation of the acetone gave 
rods an inch in length (0*95 gram) which were unchanged triphenyl- 
stibiue dirhloride, m. p. 143°. Since the filtrate obtained after the 
removal of the thallous chloride was free from solid matter, the 
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separation of the antimony must have been due to reduction a l 
the ordinary temperature. 

(а) Preparation of Tri - p-xylylsl ibinc. (b) Ih Reaction wilt 
Thallic Chloride. — (a) To a solution of 24 grams of bromo-p- xylene 
and 3*5 grams of magnesium in 50 e.c. of ether, 0 grams of anti- 
mony trichloride in 20 c.c. of the same solvent were gradually 
added. The reaction was not very violent and the whole was 
boiled for four hours, then decomposed with water, and filtered. 
The residue was dried and boiled with benzene, the solution on 
evaporation yielding 7-25 grams of short, transparent needles, 
m. p. 174*5° (Found : Sb — 28*13. C^H^Sh requires 8b — 27-(il 
per cent.). 

Tri-p-xyhjlsiibinc is readily soluble in benzene, cold chloroform, 
or boiling glacial acetic acid, moderately soluble in hot acetone 
and less soluble in ether or alcohol. 

(б) To a solution of 2*17 grams of tri-p-xylylstibine in 30 e.c. of 
benzene, 1*55 grams of thallic chloride were added and the mixture 
was kept over-night. After lilt rat ion, 1*8 grams of thallous chloride 
were obtained, and evaporation of the benzene and addition of 
light petroleum yielded 1*3 grains of substance, whicil after 
recrystallisation melted at 230 — 231 : (Found; t'l-^lHH. 
C 24 H 2: ei 2 Sb requires Cl = 14*01 per cent.). 

Tri-p*xylylst ibinc dichloride is a crystalline powder, soluble in 
cold chloroform, acetone, or benzene, moderately soluble in pyridine, 
and insoluble in light petroleum. 

Preparation of (a) 7 ri-p-xylylarxi n r , (b) 7 >/- m ‘.njhjhmin r.— 
(a) To the solution obtained from 3*02 grams of magnesium and 
27*0 grams of bromo-p- xylene in 50 e.c. of dry ether 0 grains of 
arsenic trichloride in 30 e.c. of light petroleum were gradually 
added. The reaction was very violent and a grey-green, gelatinous 
precipitate separated out, this finally becoming while on standing 
After several hours, the mixture was decomposed with water, the 
whole extracted with ether, the solution, on drying and evaporating, 
yielding tine, white needles, identical in properties with 1 1 •*- ((im- 
pound obtained by Miehaelis. Yield N-5 grams. 

M This was pp pared a< above, the yield being 8 grams. 

Action of Thnlhr Chloride, on the Pnc<dii.<j J/vnb.o*. — To 3*9 grano 
of tri-p-xylylarsim in 40 c.c. of toluene, 3*1 grams of thallic* chloride 
were added. A white precipitate was thrown down, and the whole 
after boiling for forty minutes was filtered, the residue washed 
with ether, 1 *5 grams of t hallows chloride being obtained. Fvajw- 
ation of the Jilt rate yielded an oil, which was soluble in acetone, 
the addition of light petroleum depositing tufts of needles (3*6i 
grains), m. p. l>3 , identified as p-xylylarsenious chloride, f he 
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ethereal washings yielded 0*3 gram of unchanged arsine. When 
the reaction was carried out in the cold in benzene, the same 
products were isolated. 

When 2*0 grams of tri-m-xylylarsinc and 1*55 grams of thallic 
chloride were treated as above, 1*0 gram of thallous chloride 
and 1*69 grams of wi-xylylarsenious chloride, m. p. 44°, were 
obtained. 

Interaction of (a) Tin, Triethyl Chloride, (b) Tin Diethyl Iodide, 
(c) Tin Dimethyl Diethyl and Thallic Chloride . — (a) One gram of 
tin triethyl chloride in 30 c.c. of ether was added to 1*3 grams of 
thallic chloride in 3*25 e.e. of the same solvent. A pale yellow 
precipitate separated out, and after standing one hour the mixture 
was filtered hot. The residue consisted of thallous chloride 
(0*82 gram), and the filtrate yielded, in addition to thallic chloride, 
a small quantity of tin diethyl chloride. 

(&) To a solution of 0*4 gram of thallic chloride in 20 c.c. of ether, 
0*o gram of tin diethyl iodide was added, a black solid being im- 
mediately precipitated. After standing for one hour, the mixture 
was boiled for fifteen minutes and filtered. The residue (0*15 gram) 
consisted of metallic thallium, mixed with traces of iodine. The 
filtrate on evaporation deposited white, feather}’ needles, in. p. 83% 
which were identified as tin diethyl chloride, and further evapor- 
ation yielded iodine and a small quantity of substance having the 
properties of iodine monoehloride. 

(c) When 2*07 grams of tin dimethyl diethyl were added to 3*02 
grams of thallic chloride in 13 e.e. of ether, a yellow precipitate 
was deposited, which was mixed with shining crystals. After 
boiling for half an hour and filtering, a residue of T13 grains was 
obtained. This consisted of thallous chloride and thallium diethyl 
chloride, and evaporation of the filtrate gave 0-7 gram of thallic 
chloride and a small quantity of crystals of tin dimethyl chloride, 
in. p. 90°. 

Preparation of Lead Tri-m-xylyl and its Action on Thallic 
Chloride. — To a solution of 20 33 grams of bromo-p-xvlene and 
3*12 grams of magnesium in 100 e.e. of ether, 11*0 grams of lead 
chloride were added in small quantities, and the mixture was 
boiled for five hours. Metallic lead soon commenced to separate 
out and the colour of the solution changed from brownish -red to 
green. The mixture was decomposed with water, filtered, and 
the dry residue extracted with benzene. Evaporation of the 
solvent gave 2*5 grams of a very pate yellow, crystalline powder 
(Found : C ~ 34*97 ; H -= 3*27 ; Pb - 39*03. C M H 27 Pb requires 
0 = 55-13 ; H — 5*21 ; Pb — 39*00 per cent.). Molecular- weight 
determinations by the eryoscopic method in benzene (0*746 and 
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0-548 gram in J 4-48(38 and 19*5566 grams of benzene, respectively) 
gave M ~ 495, 519. C^H^Pb requires M — 522-4. 

Lead Iri-m-xylyl, after crystallising from acetone, then three 
times from benzene, melted sharply at 233-5° with the separation 
of metallic lead. The compound is soluble in chloroform (Jl > 
toluene, and slightly soluble in acetone, light petroleum, or pyridine. 
Its solutions precipitate silver oxide from alcoholic silver nitrate. 

Load tri-m-xylyl (0*5 gram) in 5 c.c. of benzene was treated with 
1 mol. of thallic chloride in 1 c.c. of ether, a precipitate separating 
and the solution becoming warm. After standing for a wy { .]- 
lustrous rods in star-like clusters had crystallised out. The liltiate 
from this product yielded thallic chloride, and the residue wa* 
boiled with benzene to remove thallous chloride. Needles were 
obtained from the benzene (Found: Cl - 14*7 1. b'i 0 H 18 CI 2 Pb 
requires t ! -- 14-54 per cent.). The compound appears to bo siightlv 
more soluble in organic media than lead diphenyl chloride, 

Adion of Iodine Mouoehloride on Thalliumdi phenyl Chloride,— 
To 0-5 gram of thalliumdiphenyl chloride in 4 c.c. of light petroleum, 
0-82 gram (2 mols.) of iodine* monochloride in 10 c.c. of the same 
solvent was added, and the whole was boiled for two hours, when 
nearly all the solid had disappeared. The residue obtained on 
filtering (0-25 gram) was thallous chloride, and evaporation of the 
filtrate gave 0-3 gram of iodine. 

The author is indebted to the Research Fund Committee (4 the 
Chemical Society for a grant which has partly defrayed the 
expenses of this investigation. 

Thk University or Birmingham, 

K non aston*. [/A >:r iced, Mun L otl\ 1 1* At] 


( X X X 1 1 i.—Thc ua-Di chlorodmlhjl tSulphuh 

By Frederick George Mann and William Jackson Pope. 

Little has been published concerning the xx'-dichlurodialkv! 
sulphides, although Riche long ago (.-!««. ('him, Pity*., 185-> ( [iiih 
43, 283] obtained a diehlorodimethyl sulphide as a yellow, im- 
pleasantly smelling liquid by the chlorination of dimethyl sulphide. 
Bloch and Hohn have recently shown {P'r., 1922, 55, [i>J, 53) that 
sulphur monoehloride acts upon trithioformaldchyde with formation 
of xx'-diehlorodimothyl sulphide in accordance with equation 1. 

1. (CH/SJjj 2S 2 CU * (CH 2 C1)..S : CS, 2HH i 48. 

2. (CUyS) 3 ; 2SCC - (CH/’lJ.S j (AS, j- 21ICI i 28. 
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It is shown in the present paper that the yield is only about 70 per 
cent, of that indicated by this equation, but that sulphur dichloride 
acts practically quantitatively upon tritlnoformaldehydo in 
accordance with equation 2. 

An excellent yield of aa'-dichlorodimethyl ether was obtained by 
Descude {Bull. Soc. chim ., 1906, [iii], 35, 953) by treating trioxy- 
niothylcne with phosphorus trichloride in presence of zinc chloride ; 
it was thus suggested that aa'-dichlorodimethyl sulphide might be 
obtained conveniently by the action of phosphorus trichloride and 
zinc chloride on tritlnoformaldehydo. The latter substance is, 
however, stable towards mixtures of these reagents. 

When cither of the sulphur chlorides acts upon x-trithioacetalde- 
hyde a mixture of the xx'-dichlorodiethyl sulphide recently described 
by Bales and Nickelson (T., 1922, 121, 2137) with the previously 

unknown dietkylidene irisulphid S results. 

Conclusive evidence in favour of the constitution now advanced for 
the latter substance cannot yet. be produced, but the liberation of 
sulphur when the compound is treated with nitric acid suggests 
that the constitution is correctly stated. Piethylidene trisulphide, 
however, behaves curiously towards both methyl iodide and 
xx'-dichlorodi ethyl sulphide, giving with both 3-trithioacetaldehvde. 

K X 1> K K I M K N T A n. 

'xt.' ‘D i chlorod imiihyl Sulphide. — 1. From frith iofonmddeh yde. and 
sulphur monochloride. When pure sulphur nionoehloride. prepared 
as wo have previously described (T.. 1921, 119 , 630) and in the 
proportion — 1'3 mols.- actually used by Bloch and Holm, is added 
to powdered trithioformaldehyde. the vigorous reaction observed 
by those authors does not occur; oil heating in boiling water at 
160°, hydrogen chloride is evolved freely and after an hour a red 
liquid results. On distillation under ordinary pressure, more 
hydrogen chloride escapes and a liquid comes over up to 140'. 
followed by a little unchanged trithioformaldehyde; a residue of 
tarry sulphur remains. The fractional distillation of the product 
yields carbon disulphide, a liquid boiling at 10S — 1 (19 which is 
probably a mixture (C-24‘8; H 5 4: CI--28T: S = 42d 
per cent.), and ax'-diehlorodimcthyl sulphide boiling at 155 — 156 , 
When a larger proportion (2 mols.) of sulphur nionoehloride is 
used, the intermediate fraction boiling at 108— 109" is not obtained, 
but the aa'-dichlorodimethyl sulphide is contaminated with a little 
sulphur nionoehloride, which may be removed by redist illation 
over a small quantity of trithioformaldehyde. 

2. From Iriihioformldehjdc and sulphur di chic ride. Sulphur 
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dichloride (73*3 grams, 2 mols.) is run on to powdered trithioform- 
aldehyde (oO grams, 1 mol), cooled in ice-water; hydrogen chloride 
is freely evolved and the mixture, after standing for fifteen minutes 
is heated on the water-bath. On distillation under atmospheric 
pressure, much hydrogen chloride comes off and the temperature 
rises to 155°; on fractional distillation through a Baschig dephliy,. 
mator, the product is resolved into pure carbon disulphide and 
ocx'-diehlorodimethyl sulphide. When the reaction mixture is 
directly distilled under reduced pressure, the carbon disulphide 
escapes condensation and xx'-dichlorodimcthyl sulphide, builinw 
at 55 — 56*5717 mm., is at once obtained, the yield being 97 per 
cent of that required by equation (2). The reaction thus proceeds 
practically quantitatively and the method of preparation now 
described is much to be preferred to that given by Bloch and lliihn, 

aa'-Dichlorodimethyl sulphide is a colourless liquid boiling at 
57*5 — 58 - 5°/lS mm., and having the density d\* T4144; it docs 
not solidify in an ice- halt mixture, but forms a hard, crystalline 
mass when cooled in a mixture of solid carbon dioxide and ether. 
It has no vesicant action on the skin. It reacts slowly with methyl 
iodide, giving a dark, viscous liquid from which no pure substance 
was isolated. 

am 1 -Diehl orod i m ethyl Sulplioxide , (CILCI)pSU. — On adding cold 
concentrated nitric acid to sa'-diehlnrodimcthyl sulphide, vigorous 
oxidation soon sets in, but the product yields but little of the 
sulplioxide. The latter is readily prepared by adding the dichloro- 
sulphide slowly to an agitated mixture of fuming (2 vols.) and con- 
centrated (l vol.) nitric acids, cooled in ice and salt; oxidation 
proceeds smoothly in the cold, after which the clear solution is 
diluted, neutralised, and extract' d several times with chloroform. 
The chloroform extract yields a crystalline residue on evaporation; 
the pure sulplioxide is obtained by crystallisation from carbon 
tetrachloride in colourless plates melting at 4ir (Found : C - Iti'O; 
H ~ 2*S; Cl --- 4V.7. CJI.,OCI.,S requires C Hi d; II - 2u ; 
Cl — 48 2 per cent.). 

Xo crystalline nitrate corn ^ponding bi that funned by dimethyl 
sulplioxide could he prepur) d. 

7 •/- I)ichl(ff<«l ntif thy l* ‘i l ph / m-pthhu n t .<n Ipho.t y / 1 m i a e, 
(t.’HXOaSiX-StvOjil^ClIj. 

— On shaking a concentrated aqueous solution of hydrated ehlon 
amine T (5 grams; with xz'-dirlilomdinicthyl sulphide (2 4 graind* 
a solid substance soon separates; this after standing is separated 
washed with water, dried, and crystallised from benzene; the P lI1 ° 
sulphilmnne i.n obtained in eolourhss medics melting at 10- 
crystallisation from dry ether (Found: C 30*1 ; H 
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Cl -23-6. CgHnO^NCIg&j requires C — 36*0; H — 3*7; 01 — 
23 -f> per cent.). 

Ethyl Tetrahydrothiopkea-S : 3 : 4 : 4 -lelracarbo.cylaie, 

s< CH 2 -C(C0 2 Et) 2 
K cir 2 -c(00 2 Kt); 

—Ethyl ethanetetracar boxy late (15 - 9 grams) is dissolved in a solu- 
tion of sodium (2*3 grams) in absolute alcohol (250c.fi.), xx'-dichloro- 
dimethyl sulphide (6 - 55 grams) added, and the solution boiled under 
a reflux for three hours; after filtering from sodium chloride and 
evaporating the filtrate, the residual syrup is distilled under reduced 
pressure through a short column. The major fraction distils at 
220 — 223°/ 15 mm. as a viscous syrup which does not crystallise in 
an ice-salt mixture and constitutes the pure ethyl U-trahydrothiophen - 
3:3:4: 4 -tdracarboxylate (Found : C = 507 ; H — 6*52 ; S — 
8*08. CjgHa.jOyH requires 0 = 51*0; H--043; 8 — 8 ’52 per 
cent.). This ester is recovered unchanged after boiling for nine 
hours with IS per cent, sulphuric acid or for seven hours with 7 per 
cent, aqueous alcoholic potash ; it appears to be hydrolysed by 
prolonged boiling with 10 per cent, aqueous potash, but no tetra- 
hydrothiophen derivative could be separated from the product. 

xx -Dicklorodidhyl Sulphide, S(CHCTCHo).,. — 1. From x-lrithio- 
acetaldehjde and sulphur moaochloridc. — On adding sulphur mono- 
chloride (55 7 c.c.) to powdered x-trithioaeeuldehyde (96 grams), 
solution occurs and the liquid becomes warm ; on heating on the 
water-bath for ninety minutes, a little hydrogen chloride is evolved. 
On distillation under diminished pressure, a colourless fraction 
(39 grains) distils up to 75 ’,28 mm. ; this is nearly pun* ax'-dichloro- 
diethyl sulphide and represents a yield of about 45 pi*r cent, of 
that required by an equation of the form of that numbered (1). 
When this fraction has been taken off, the residue begins to foam, 
and evolves hydrogen chloride and a volatile product which pos- 
sesses a sickening stench and cannot be condensed. A second 
fraction (14 grams) comes over at 75 — I10 : 32 mm. ; this is yellow 
in colour and fumes in the air. A filial fraction (22 grams) is 
obtained at 1 10 — 115°/30 mm. ; this is red and also fumes in the air. 
A considerable tarry residue is left in the distilling flask. 

Hu* first- fraction, when redistilled through a Raschig column, 
gives the pure ax'-dichlorodiethvl sulphide as a colourless liquid 
boiling at 54 — 56°/15 mm. (Found : C = 30*3: H — 5T ; Cl- 
44 ; 8 - Ca] ^> C - 30-2; If 5*1 ; Cl - 4 1 li per cent.). 

The yellow and red fractions, when redistilled through the column 
under diminished pressure, undergo considerable decomposition, 
leaving a tarry residue which is violently oxidised by cold nitric 
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acid ; an individual product is obtained in quantity at 88 — 91°^ 
mm. and represents the diethylidcne trisulphide described below 

2. From a-trithioacetaldehydc and sulphur tlicMoride . — On a< i ( |j 
sulphur diehloride (45*5 grams) to a-trithioacetaldehyde (40 grams)* 
an almost colourless solution results and slowly evolves hydro#^' 
chloride when heated on the water-bath. When it is distilled uml (? 
diminished pressure, ax'-dichlorodiethyl sulphide (10 grains) and 
diethyl idem* trisulphide (4 grams) are obtained as in the react iw 
with sulphur immoehloride ; again, however, a large, visc,,^ 
residue is left in the flask and decomposes profoundly on furtln>r 
heating. It a% ill be seen that the best yields of ax'-diehlorodiethy] 
sulphide and of diethylidcne trisulphidc result from the use of 
sulphur monochloride. 

xa'-Dichlorodiethyl sulphide is a colourless liquid possessing an 
unpleasant musty odour and having no vesicant action on tin* 
skin; it boils at oG — 07'/ 10 mm., at 00 .">--07 %V 27 nun., and at 
70- 77 '.41 nun., and has the density d\‘ l 1992. These deter, 
minations are in good accord with the constants given hv Bales 
and Xiekelson (/or, n7.). It is interesting to note that the isomeric 
^'•dicklorodicthyl sulphide lias an appreciably greater density 
and higher boiling point; (libson and J > ope (T., 1920, 117, 27iii 
give the density <l\ 128.1, and the boiling point has been deter- 

mined as 1 h 7 loS lb mm. The xx'-ismucridc does not solidify 
on immersion in an ice-salt mixture, but forms a hard, emulline 
mass when cooled in a mixture of solid carbon dioxide and other: 
it is less stable than the V'/- iso me ride and soon commences tn 
evolve hydrogen eldoride oil exposure to the air, although it can 
be preserved indefinitely in a dry atmosphere. Attempts in 
prepare the corresponding snlpimxide were unsuccessful : the 
sulphide is oxidised vigorously by nitric acid, and a burst of flame 
results when it is dropped into fuming nitric acid. Xuiuormis 
attempts to moderate the oxidation of the compound hv nitric 
acid merely yielded .solutions from which oxalic acid was soparalde 
as the most imj;ortant product. 

I ill ike its lower hoinologue, xx‘-dichlomdicthvl sulphide euiiid 
not be converted into a siiiphiliminc with chloramine T, only [>■ 
toluenesuffdionamide being produced during tfie reaction; further, 
no condensation product of the sulphide with ethyl dhanetetni* 
carboxylatv could be obtained. 

•tr-Dit tkosydi* thyl Sulpkid* . (<)KH'HMe). 1 S. ax'- Dichlorodi- 

ethyl Kiilphifle (1IK1 grams) is added to a solution of sodium {•'«'<» 
grams) in alcohol (2.70 e.c.) and the solution boiled for three hours: 
after sepa rating the sodium < blond*- and evaporating off the alecdioJ, 
the residue is distilled under diminished pressure through a jhort 
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column, a z-Dietkoxydiethyl sulphide is thus obtained in almost 
theoretical yield as a colourless liquid boiling at 87—87*5721 mm. 
(Found: C = 539; H = 10'4; 8 = 18-2. C 8 H 18 0 2 S requires 
0 .= 53*9 ; II — 10’2; S — 18*0 per cent.). The compound has 
but a faint odour, is vigorously oxidised by cold concentrated nitric 
acid, and docs not yield a sulphilimine with chloramine T. 

Oielhjlidene Trisulphide, -This substance, which 

ia formed during the action of the sulphur chlorides on a-tritluo- 
acetaldehj^de, was obtained after repeated fractionation as a pale 
(Teen liquid which does not fume in the air and boils at 89-- 90'7 
14 mm. (Found : C — 31 ‘6: H = f>*3; 8 -- C 4 H 8 8 3 requires 

0 = 31 '5; H = 5*3; 8 = 03*2 per cent.). Cold concentrated 
nitric acid immediately oxidises the compound with liberation of 
sulphur, so that the grouping -SSJ is probably present ; it inflames 
when dropped into fuming nitric acid. When diethylidcnc tri- 
sulphide (2*2 grams) and methyl iodide (2*0 grams, I mol.) arc 
mixed and the product is preserved in the dark for a week, it 
becomes almost black and develops an evil odour, whilst a crust 
of long needles is formed. The latter material, when separated 
and purified by crystallisation from alcohol, melts at 126°, and is 
proved by analysis and mixed melting-point determinations to he 
p-trithioacetaldehyde . 

During the separation of xx'-diclilorodiethyl sulphide and di- 
ethylidene trisulphide from the product of the action of sulphur 
monochloride upon x-trithioacetaldehyde, intermediate fractions 
containing the first two compounds named are obtained: when 
these are preserved for a fortnight, they become semi-solid owing 
to the crystallisation of p-trithioacctaldehyde. This compound 
was identified by analysis and mixed melting-point determinations, 
and is formed by the interaction of xx'-diehlorodiethyl sulphide 
and diethylidcnc trisulphide. 

Action of the Sulphur Chlorides on Thktldinc and i> Tnthiobcn z- 
aldehyde . — Sulphur monochloride acts violently upon thialdine, 
converting it into a black mass : the reaction may be moderated 
by working in carbon tetrachloride solution and cooling in ice-water, 
when a reddish-black solid separates and hydrogen chloride is 
evolved. On distillation under diminished pressure, only carbon 
tetrachloride distils and a voluminous black residue is left. A 
similar result is obtained when the sulphur monochloride is replaced 
by the di chloride. 

[J-Trithiobcnzaklehyde dissolves in sulphur monochloride and 
no hydrogen chloride is evolved on heating on the water-bath: 
distillation under diminished pressure gives merely a little sulphur 
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mouochloridc and a very small amount of a purple oil. On xul>. 
sti tuting sulphur dichloride for the monochloride and warming a 
little hydrogen chloride is evolved ; on distillation under 21 nnn. 
pressure, a small proportion of an oil is obtained which was found 
to consist largely of benzol chloride. 

The Chemical Laboratory, 

University of Cambridue. [Received t A'pviL 4 ih } 


( XXXIV . — The homcric TrithioaceMdchjfih ■<. 
l>y Frederick Gkorue Mann and William Jackson Pi hu:. 
M e have attempted to prepare the hitherto unknown cyclic Jj. 
cthylidene disulphide, ^(jHMe>‘ S , bv the action of silver sulphide 

on alcoholic solutions of xx'-dichlorodiethvl sulphide; the reaction 
readily yields a white, crystalline substance melting at SI 5 and 
having the empirical composition of diethylidene disulphide. Oil 
attempting to prepare the methiudide of this substance by treat- 
ment with methyl iodide, wo obtained a compound which had the 
same empirical composition and melted at 1-tP, and which we 
f ulve identified with 3-trithioaeetaldehyde ; molecular-height 
determinations indicated that the compounds melting at Sl : and 
12(3 : are isomeric. 

Marckwald obtained a crystalline compound of the composition 
(C,H 4 S) i5 melting at 7** by boiling thialdiue thiocyanate with 
water {B<r. } Jh 80, 19, lsgli), and showed later that this product, 
which he nam'd ♦ ■trithinaeetaldehyde, was converted into 
|i-trithioacetaldehyile by treatment with ethyl iodide 
20, 2817); Pi deck and Thumniel 1889, 22, 2S7!) found that 

hydrogen sulphide converts vinyl meretirie oxychloride hito a 
compound melting at T.i 70 , which is apparently identical uith 
y-trithioacetald'hyde. 

The constitution is ordinarily aligned to 

the trithioacet:i!ilehyd**s and. as Baumann and Fromm have ]>ointcd 
0 ut (B*r., 1891. 14.1419, ] l.*i7), the existence of two >tciv< ^nnierides 
may be anticipated: they regard the z and lUtrithioacrUidrnuks 
as possessing respectively tie- and tmn*-v ontiguratiuic. die 
c la s> ideation adopt'd by these authors provides no place far 
Marckwald’.-' v -tnthioarrta!de liyde, and tin y state that this Jam* 
is actually onlv an impure preparation of x-trilhioacetaldciUL, 
which melts at MM . Th.- chief reason advanced by 

and Fromm for this conclusion is that their preparations of daw ■ 
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wald’s y-isomoridc, which melted at 71 — 77°, yielded pure 
a-trithioacetaldehyde, melting at 101 5 , when crystallised from 
acetone. 

The product melting at 81°, which wo have obtained, is un- 
doubtedly isomeric with fs-trithioacetaldehyde, into which it is 
converted by treatment with methyl iodide; wc presume it to be 
a pure preparation of Marekwald’s y-trithioacetaldehyde, and wo 
conclude that Baumann and Fromm were mistaken in disputing 
the existence of the third or y-isomeride. That our compound is 
pure is shown by the fact that we obtain it of the .same melting 
point, 81 by four methods, namely, by the action of silver oxide, 
sodium hydroxide, silver sulphide, and hydrogen sulphide on 
aa'-diclilorodiethyl sulphide, and that it sublimes without change 
in melting point. It should be noted further that the melting 
point of our preparations of y-trithioacetaldchyde is not affected by 
recrystallisation from acetone. 

It has been shown (this vol., p. 1 177) that diethylidenc trisulphide 
is converted into p-trithioacctaldchyde when treated with methyl 
iodide. The loss of sulphur which attend? this conversion is not 
entirely without precedent, for Kay has shown (T., 1922, 121 , 
1279) that triethylene tetrasulphide on treatment with ethyl 
iodide, mercuric chloride, or platinic chloride yields derivatives of 
tri ethylene trisulphide. Our diethylidenc trisulphide is probably 
identical with an oil obtained by Klinger (Ber., 1878, 11 , 1025) on 
treating monomolecular tbioaeetaldebyde with water and to which 
lie assigned the composition 8t‘oH 4 S,H 2 S ; Klinger found that- 
addition of a drop of acetaldehyde converted the oil into x-tri- 
thioacetaldehyde, whilst solution in sulphuric acid and precipitation 
by water yielded JMrithioacetaldehvde and sulphur. Suyver 
si lowed {lice. trau, ckim 1905, [ii], 24, .‘177) that a-trithioacetaldehyde 
is partially converted into the [s-isomeride by treatment with ethyl 
iodide and other reagents. 

KxPERI M K X T A L. 

Preparation of y-T rith i oacetaUchjdc . — 1. By the action of silver 
sulphide on ax' -dichhrodkihyl sulphide. A solution of xx'-dichloro- 
tliethyl sulphide (17 0 grams) in alcohol (20 e.e.) is slowly added to 
an excess of precipitated silver sulphide (3HJ grains) suspended 
in alcohol (75 c.e.) and maintained at 0°. After standing for tiftcen 
minutes, the solution is boiled for live hours under a reflux and 
then liltered hot, the precipitate being washed with a little hot 
alcohol. Warm water (10 c.e.) is added to the tilt rate, which on 
cooling deposits the trithioaldehyde as a white, crystalline powder; 
a further deposit is obtained by pouring the filtrate from this into 
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twice its volume of ice-water. The crude product {8*0 grams), 
assuming that three molecules of the chlorinated ethyl sulphide 
give two of the trithioacetaldehydc, represents a yield of about 
60 per cent, of the theoretical. 

The crude product is recrystallised from hot 85 per cent, alcohol 
and then, to remove traces of occluded silver compounds, from 
light petroleum (b. p. 40—60°); on spontaneous evaporation 0 f 
the solvent, y-trithioacetaldehyde is deposited in small, white 
crystals melting at 80°. A very small proportion of the fi-isomericle 
crystallises at the same time in long needles melting at 124- 
125°. 

2. By the action oj hydrogen sulphide on zx'-dichlorodiethyl sHlfihtdi, 
A purer product is more readily prepared by passing dry hydro^u 
sulphide through a solution of xx'-dichlorodiethyl sulphide in twice 
its volume of alcohol; no change is apparent, but after standing 
over-night the solution becomes a semi-solid crystalline mass. On 
filtering and washing with a little alcohol, y-trithioacetaklohydc is 
obtained in small, white crystals melting at ST (Found : 0 - 4G*o; 
H ^ 6*78 ; 8 -- 53*6 ; M, by eryoscopie method in benzwu*. 
— 171, 172. C 6 tt 12 S 3 requires C -- 40 0 ; H — 6*71; S ~ 53-3 
jier cent.; M — 180). A mixture of this preparation with that- 
made by the silver sulphide method melted at 80*5 . 

3. By the action of silver oxid*. on xx ' ^UchlorodUthyl sulphUh . Dry 
silver oxide reacts vignrou.-dy with a cold alcoholic solution of 
xx'-dichlorodiethy! sulphide, heat being evnived and a smell of acet- 
aldehvde becoming apparent, whilst *. -trithioaectiildehydi 1 is 
produced. The reaction may he moderated by adding vi. -di- 
chlorodiethyl sulphide (6 7 grams), dissolved in alcohol (2d e.cd. 
to a suspension of silver oxide (11*4 grams) in aleohol (2.) e.e.) iiuUii- 
tained at 0' for half an hour. After boiling for four hours .jndei 
a reflux and filtering, moling, and diluting as above tlc.-cribcd, 
y-trithioaeetaldehyil»‘ {l ‘85 ununs) is oht -lined and this. after 
recrystallisation, nmlt> at mi . thi- melting poini is unehangui 
when the product mixed with a little of tin* MihMancc p-i v-paieu 
by the silver sulphide method. 

Since no evidence of the formation of the stable dimcthyl-i .!>■ 
thiuxan (Marekwald, lor. rit.j boiling at 166 -168 could he obtained, 
and since acetaldehy< le was found in the lirst runnings obtained b} 
distilling the alcoholic mother-liquors from the preparation, it 
seems that the action of .diver oxide on xx'-diehlorodiethyl sulphi c 
is expressed by the equation 

.'jsicjl/'lij :;.\e.o (CjlljSjj , ,-uAgU. 

Thr vicld.; obtained are about 70 |mt eent. of those iv<|iimd hvtliis 
equation. 
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4, By the action of sodium hydroxide m aa' •dicklorodiethyl sulphide. 
When aa'-dichlorodiethyl sulphide is boiled for some time with 
sodium hydroxide (2 mois.) in aqueous solution and the liquid 
cooled, a heavy, semi-solid oil separates ; this latter, when drained 
on a plate and crystallised from 85 per cent, alcohol, yields pure 
y-trithioacctaldehyde melting at 81°. The action of sodium 
hydroxide is thus similar to that of silver oxide. 

y-Trithioacetaldehyde has a faint unpleasant odour— not an 
extremely strong one as described by March wald — which is much 
less noticeable than that of diethylene disulphide. It dissolves 
readily in all common organic solvents and crystallises best from 
85 per cent, alcohol; it sublimes readily at 100 4 , yielding long 
needles melting at 81°. Its melting point is unchanged on crystal- 
lisation from, or by one hours boiling with, acetone, so that 
Baumann and Fromm’s statement that it gives the a-isomcridc 
on such treatment is incorrect. 

Conversion of y- into [J- Tritk ioacdaldeh ydc . -y-Trithioacetaldehydc 
dissolves when heated at 30° with three molecular proportions of 
methyl iodide, and the solution, after several days’ standing, 
deposits a mass of felted needles ; these on recrystallisation from 
hot alcohol melt at 126 5 (Found : C — 40 - ; H 0 77 ; = 53 0; 
$1, by cryoscopic method in benzene, — 108, 171. Calc, for 
C 6 H 12 S 3 , 0 — 40'0; H — 0 7 1 ; S — 53'3 per cent. ; M -= 180). 
This substance does not depress the melting point of Js-trilhio- 
acetaldehyde prepared by the method of Baumann and Kroinm 
(Ber., 1880, 22, 2600) ; no doubt can therefore exist concerning 
the identity of the two products. 

The Chemical Laboratory, 

University or Cambridge. Ji’.o.U'cJ, April \ih, 1U23.] 


CXXX V. — Th e S ulph ides of .1 m m on i u m . 

By John Smeath Thomas and Richard William Biding. 

Although aqueous solutions containing ammonium hydrosulphide 
and ammonium monosulphide, and, indeed, polysulphides also, 
are largely employed in analytical operations, these substances 
are not well known in the anhydrous condition : sumo have never 
been isolated, and it is extremely doubtful if others, descriptions of 
which appear in the literature, have ever been obtained in the 
pure state. 

Bineau Chim. Phys. } 1838, [ii], 67, 225) obtained ammonium 
hydrosulphide in the form of colourless needles and plates by 
VOL. CXXUI. ii S 



1182 THOMAS ANi) RIUINU : THIS SUU'JUUKS UP AMMONIUM. 

mixing ammonia and hydrogen sulphide in approximately equal 
proportions by volume, and Bloxam ((.hem. News, 1893, 68, *17) 
showed that, provided there was no excess of ammonia, the 
ammonium hydrosulphide thus obtained was pure. Attempts to 
obtain the substance by the use of nun-aqueous solvents do not 
appear to have been successful. Bloxam (T ;J 1895, 67, 283) 
passed hydrogen sulphide into alcoholic solutions of ammonia, 
but, the crystals he obtained invariably had the composition 
(NK ).S,kXH 4 HS, together with varying amuunts of alcohol, 
Bineau’s method, therefore, still remained the only satisfactory 
method of preparing ammonium hydrosulplnde. 

The monosulphide is still more obscure. Biueau [Ann. Chi,,,. 
Phys.y 1839, [ii], 70. 201) described its preparation by the inter, 
action of two volumes of ammonia and one volume of liydn,. 
gen sulphide at - ISA Bloxam states, however (he. n/.), that 
Bie mica -like crystals thus obtained have the com position 
(NH 4 ).,S,wXH 4 HS and that in the presence of large excess nf 
ammonia an oily liquid having the composition (Xli 4 ) 2 N,2XH 3 is 
formed. Bv carefully adjusting the volumes of the reading gas* 
and also their rates* of flow, Bloxam claimed to have obtained 
micaceous crystals of ammonium monosulphide, but his description 
leaves no doubt that these crystals were always contaminated to a 
greater or less extent with ammonium hydrosulphide. 
r The present authors had as their primary object the preparation 
of polvsulphides of ammonium bv the method successfully employed 
bv Rule and Thomas (T., 191 f. 99. 558; 1913, 103, 871: 1914. 
105, 177) in their work on the polysulphides of sodium and 
potassium. This method of preparation is based on the action of 
the hydrosulphide in dry alcohol on sulphur, and. since ammonium 
hydrosulphide in alcoholic solution thus became the starting punt 
in the preparation of the ammonium polysulphiiles, it seemed 
desirable at the same time to attempt the preparation of this 
substance, ami also the munoMiiphide, in the anhydrous condition. 

K X r K K I M i: N T A L. 

. 1 m mu,i i h m l phut * . 

The alcohol employed was dried by keeping it h>r twviity-four 
hours over freshly burned quicklime and then distilling it. e 
ammonia and th«* hvdmg.n sulphide were also carefully dno . tie 
former by means of quicklime and the latter, after "ashing^ 
water, by passing it through a long tube tilled " llh u 

chloride. , a 

A stock solution of ammonia in alcohol was j ire pan** 
number <»f experiments were carried out in which di\ k uU - 
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.sulphide was added, the relative amount of the gas, its rate of 
flow, and the temperature being varied. The crystals which 
separated from the solution took the form of large, glistening 
plates; they were rapidly collected, washed with dry ether, and 
analysed. 

The ammonia was estimated by direct titration with standard 
acid, using methyl-orange as indicator. The sulphur also was 
estimated volumetrieally. An excess of A’/10-iodine was added, 
the excess being then estimated by means of X'10-sodium thio- 
sulphate. Preliminary experiments, in which the results obtained 
by this method were compared with those obtained when, after 
oxidising with bromine, the sulphur was precipitated and weighed 
as barium sulphate, proved this method to l>c suflieienlly accurate. 

Mention has already been made of Bloxam’s attempt to 
prepare ammonium hydrosulphide by the action of hydrogen 
sulphide on alcoholic solutions of ammonia. He concluded that 
the crystals obtained were always complexes of the type 
(NH 4 )oS,kNH 4 H S,.rC 2 H -Oil, and that the method was useless 
for the preparation of pure ammonium hydrosulphide. In the 
present investigation, the composition of the crystals obtained 
was found to vary considerably, but there seems to be little evidence 
of the formation of definite complexes. The solutions appear to 
contain both ammonium hydros ulpbide and ammonium mono- 
sulphide in equilibrium with each other, and from them, by choosing 
the most suitable conditions, not only the pure hydrosulphide, but 
the monosulphide also, can be obtained. 

In one experiment, 100 e.c. of an alcoholic solution of ammonia, 
containing 53 grams of ammonia per litre, were treated with dry 
hydrogen sulphide until the gas ceased to be absorbed. The 
solution became faintly yellow and a mass of large, glistening 
crystals was deposited. These were collected, washed, and analysed 
[Found: NH 3 — 29*25; H.,*S -- 4U*S1 : molecular ratio 1*43. 

(NH 4 ) 2 S,NH 4 HS,C 2 H & ‘OH requires XJ1,, - 30 87 ; H .S - 4132 
per cent.; ratio IT)]. 

These crystals undoubtedly contained amnnuiium hydrosulpbide, 
for on dissolving them in water and adding sulphur to the solution 
hydrogen sulphide was evolved and a deep red solution obtained, 
the monosulphide does not behave in this manner. 

The reaction between ammonia and hydrogen sulphide is exo- 
thermic and the solution rapidly becomes warm, much hydro- 
sulphide being lost by volatilisation. On passing the escaping 
gases through a cooled vessel, beautiful crystals of ammonium 
hydrosulphide were deposited therein, the quantity depending on 
the rate of flow of the hydrogen sulphide and on the temperature. 
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In tlic next series of experiments, the solution was kept at (p 
and the hydrogen sulphide passed in slowly. Dense ma^ (j { 
crystals were deposited, which were collected rapidly, washed with 
a little eold alcohol, and dried by suction. During the drying 
process much of the solid dissociated and was lost (Pound : XH 3 ~ 
3.1*34; HjjN i)S*S0 per cent.). The substance probably *\\}\ 
contained alcohol, but the molecular ratio of ammonia to hydrogen 
sulphide is that theoretically required for 
namely, T20. Notwithstanding this agreement, the authors do 
not feel justified in looking on this substance as a detinite compound 
On performing the experiment again under similar conditions, 
slightly different ratios were always obtained. The ratio va<. 
however, always smaller when the crystals were prepared at low 
temperatures, although in no ease was the value 1, correspondijyr 
to pure hydrosulphide, obtained. Moreover, it was found impc*. 
sible completely to free the crystals from alcohol. Attempts very 
made to obtain them in the pure state by keeping them over various 
absorbents in an atmosphere of hydrogen sulphide, but without 
success. 

When the crystals obtained in the experiment just described 
were repeatedly washed with small quantities of alcohol, a substance 
was obtained in which the ratio [Nll 3 | |H.,S] was approximately 1. 
A large quantity of the crystals was therefore sealed up with »Uc.c. 
of alcohol and kept at lU> . After twenty-four hours, the solution 
was filtered and the ratio {Nil..) [lh»S| was determined in both 
crystals and liquid. This process was repeated several times and 
the results obtained are given in the following table. 


Tahle 1. 

SubsUm*-* 1 . NIP IPS.'. SuK-Hmmv. NIP’ H,S1. 


Oriihnul crystals 

k’n 

| ( 'i n >t»lU Hlt'T Si. I <m<l \Wish 


1 ( , rv->ia!s aft- r lir>t \v\i-h 

PPM 

l Wash ti!< itlml 


\\\'A4h a l"o!i„l 

1 i 

j CrvstiiU aft. > thiol wuAi 

O !»o:i | 


1 Wash alt-ehnl 

U)il i 


The crystals tinallv obtained were dried as far as jmssihle from 
alcohol and analysed (Found: XH n 3 Id-. H.,S : - (M: 
ratio 0‘tMi. Xli,HS requires Xll 3 33 33; 11 2 S OfWKi pw 

cent.; ratio 1). 

Thus the erv>taU would ap|H“ir to be ammonium hydn >snlplhde: 
they still contain about 3 per emit, of alcohol, however, and thi* 
could not be removed. 

Unlike the hvdroMilphidea of sodium and ]>olassimn, anunuiiiuDi 
hydrosulphide, when precipitated from solution in alcohol bv the 
addition of ether, was also found to contain alcohol, which con 
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not bo removed by washing with ether. The method employed by 
Rule (T., 1911, 99, 558) for the preparation of the anhydrous 
hydrosulphides of the alkali metals is, therefore, not applicable 
to the preparation of ammonium hydrosulphide. 

In the opinion of the present authors, anhydrous ammonium 
hydrosulphide is best obtained by alternately passing dry ammonia 
and dry hydrogen sulphide into carefully dried ether. In an 
experiment, beautiful white crystals were obtained which were 
collected by the aid of the pump and rapidly dried. After standing 
over paraffin wax in a desiccator for some days, they were analysed. 
The crystals dissociate very rapidly at room temperature and 
therefore low results were to be expected (Found : Xll 3 ~ 33*23; 
H 2 S — 66*08 per cent. ; ratio l’OOG). 

As obtained in this way, ammonium hydrosulphide is a pure 
white substance consisting of a mass of fine, needle-shaped crystals. 
It dissociates rapidly and can only be kept in sealed vessels. It is 
insoluble in ether or benzene, but readily dissolves both in water 
and in alcohol, forming colourless solutions which rapidly turn 
yellow owing to oxidation and the consequent formation of poly- 
sulphides. After some time, sulphur is deposited from these 
solutions and on examination they were found to contain thio- 
sulphate also. When an alcoholic solution of ammonium hydro- 
sulphide is heated, it turns brown and sulphur is deposited in 
monoelinic crystals. It is interesting to notice that, according to 
Wetherill {Amer. J. Sci ., 1865, [ii], 40, 358), if a small amount of 
rhombic sulphur is initially present the sulphur deposited will be 
in the rhombic form. 

When solutions of ammonium hydrosulphide in alcohol arc 
treated with sulphur, hydrogen sulphide is evolved and the sulphur 
is dissolved, ammonium pentasujphide being formed. In this 
respect, therefore, ammonium hydrosulphide resembles potassium 
hydrosulphide. 

A m won i urn Monosulphidr. 

This substance is stated by Bloxam {loc. (it.) to be deposited in 
the form of micaceous crystals when hydrogen sulphide is mixed 
with considerable excess of ammonia at — IS. It is clear, however, 
from his description that the product obtained by Bloxam was 
always contaminated to a considerable extent with hydrosulphide, 
and the present authors have been unable to obtain ammonium 
monosulphide free from hydrosulphide by this method. 

In the course of experiments in which attempts were made to 
prepare the hydrosulphide by the action of hydrogen sulphide on 
solutions of ammonia in alcohol, it was observed that the ratio 
m 3 \iim in the liquid was very much higher when the temper- 
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ature was allowed to rise than when the solution was cooled during 
the passage of the gas. On the addition of ether to these solutions, 
a precipitate was obtained the composition of which varied with 
the composition of the solution, and it thus appeared that ammonium 
monosulphide might be obtained from such solutions by fractional 
precipitation with ether. 

In an experiment, 300 c.c. of the stock ammonia solution were 
treated with a rapid stream of hydrogen sulphide. The temperature 
rose to oS 5 , and no crystals were deposited. The ratio [NH 3 ]/[[f 2 S], 
determined in the solution by titration, was found to be 184, 
That this solution contained but tittle hydrosulphido was shown 
by the fact that it would not dissolve sulphur at all readily, the 
solution thus obtained being only pale yellow' in colour. 

On adding ether to the solution just described, a heavy, white 
precipitate was immediately thrown down. Three specimens were 
obtained by the successive addition of three amounts of ether, 
each of 10C) c.c. On determining the ratio [NH 3 ]/[H 2 S] in these 
precipitates, the following values were found (a) IT5, (6) TOO", 
(r) 1051 . It is obvious, therefore, that hydrosulphidc only is 
obtained by this method of procedure. This result can be explained 
by the great readiness with which ammonium monosulphide dis- 
sociates into the hydrosulphido and free ammonia. 

Since ammonia is very readily soluble in ether, it is in the highest 
degree probable that, even although the monosulphide were first 
formed, the addition of a considerable quantity of ether would 
favour its dissociation, and this view was supported by the observa- 
tion that the ratio [XHy] | tf | was somewhat higher when smaller 
quantities of ether were employed. 

A similar cxjxM'imcnt was therefore made, in which, instead of 
pure ether, ether saturated with ammonia was used as the pre- 
cipitating agent. The ratio in the original alcoholic solution was 
1*93, and, as before, three precipitates were obtained by the addition 
of three successive amounts of 100 e.e. each of the precipitating 
liquid. These precipitates were analysed, a matter of great 
difficulty, owing to the rapidity with which dissociation took place. 
In the first instance, the ratio was determined by dissolving a 
quantity of the material in water and estimating the ammonia 
and the hydrogen sulphide in the solution by the methods already 
described. The ratios for the three precipitates were thus found 
to be I '77, J *80, and 1*91, respectively. These crystals were 
different in appearance from the ammonium hydrosulphido obtained 
in the previous experiment. They seemed to bo transparent cubes 
and they decomposed very much more readily, giving off ammonia 
copiously, but apparently very little hydrogen sulphide. An 
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attempt was made to obtain the exact composition of the crystals 
by transferring them rapidly to a weighing bottle, weighing, and 
then opening the weighing bottle under water [Found : NH 3 — 
28*21; H 2 S = 29*81; ratio 1'893. (NH 4 ) 2 S,C 2 H 5 *OH requires 

NH 3 = 29*83 ; H 2 S = 29*83 per cent. ; ratio 2]. In view of the 
fact that ♦ammonia was certainly lost during the weighing of the 
substance, the authors feel justified in regarding it as ammon- 
ium monosulphide combined with one molecule of alcohol of 
crystallisation. 

In another experiment, a large quantity of ether, saturated with 
ammonia, was added to an alcoholic solution in which the ratio 
[NH 3 ]/[H 2 S] was 1*93 and which had been cooled in a freezing 
mixture. The result was interesting. In this case, no crystals 
were obtained, but a heavy, highly refracting oil of a light yellow 
colour separated out. Bloxam obtained a similar oil by mixing 
hydrogen sulphide with an excess of ammonia at — 18°. On 
analysis, the liquid was found still to contain alcohol, but the value 
3*7 was obtained for the ratio [XH 3 ]/[H 2 S], and this is in fair agree- 
ment with the formula (NH 4 ) 2 S,2NH 3 assigned by Bloxam to the 
substance obtained by him. This compound was subsequently 
obtained in a state of purity by a method presently to be 
described. 

The action of hydrogen sulphide on solutions of ammonia in 
ether has already been shown to yield ammonium hydrosulphide. 
Attempts were next made to convert this substance into the mono- 
sulphide by shaking it with ether which was kept constantly 
saturated with ammonia. Tn one experiment, 200 e.o. of ether 
were saturated with ammonia, the containing vessel being immersed 
in ice. Hydrogen sulphide was then passed into the cooled liquid 
until no more appeared to be absorbed. A further 200 c.c. of 
ether wax then added and the liquid again saturated with ammonia. 
A small quantity of the precipitate was then removed in which 
the ratio |NH 3 ]/[H 2 8] was determined, and the vessel was then 
set aside in a cool place and was shaken at intervals. From time 
to time, specimens of the precipitate wen* removed and analysed, 
more ammonia being at tin* same time passed into the liquid, 
which was thus kept saturated with the gas. The results given 
below indicate that some nionosulphide was formed, for the ratio 
|NH 3 ]/[H 2 S] was found to increase. The rate of increase was. 
however, extremely slow, probably because of the exceedingly 
slight solubility of ammonium hydroaulphidc in ether. After five 
days, the ratio had reached the value 1*39, hut the increase in the 
last two days only amounted to 0*03. and no further determinations 
were made. 
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Table II. 


Time in days. 
0 
1 


1-30 

1-39 


Increase In ratio. 

0195 

009 

0*04 

003 


At this point, 2 c.c. of alcohol were added and the vessel was 
immersed in a freezing mixture, the temperature of the liquid 
falling to — 10°. The liquid was left over-night, and in the 
morning a considerable quantity of yellow oil had separated, 
suspended in which were a few fairly large, transparent crystals, 
apparently cubical in form. The oil was analysed in the following 
way. Through the cork closing the neck of the conical flask in 
which the preparation had been made a tube was introduced, the 
end of which projected into the oil, but remained above the crystals, 
Outside the flask, the tube was provided with two stopcocks, 
between which a small bulb had been blown. Before the experi- 
ment, the tube was weighed. On opening the taps, the pressure 
in the apparatus forced oil into the bulb and as soon as sufficient 
had been collected the taps were again closed. During this stage, 
it we.:? found advantageous to surround that portion of the tube 
which was outside the flask with a freezing mixture. When every- 
thing was ready, the tube was withdrawn and carefully cleaned. 
It was then weighed, opened under water, and the ammonia and 
the hydrogen sulphide estimated in the manner previously 
described [Found: XH S = ()GT(>; H 2 S - 33 27 ; ratio 3 97. 
(XH 4 ) 2 S,2XH 3 requires XII 3 --GG‘GG; 1L,S ~ 33‘33 per cent.; 
ratio 4]. 

When kept in an open vessel, the oil rapidly decomposed and 
transparent, cubic crystals were deposited which in turn very 
quickly dissociated. These crystals appeared to be identical in 
composition with those observed accompanying the oil immediately 
after its preparation. 

Several attempts were made to obtain an accurate analysis of 
these crystals, but the rapidity with which they decompose and the 
difficulty of obtaining them quite free from liquid rendered this 
impossible. Several determinations of the ratio |NH 3 |,[H 2 RJ wire 
made, however, yielding values varying between l‘!t2 and 2*11. 
Here, again, accurate results could not be expected. From the 
method of preparation, however, these crystals could not contain 
alcohol and tlu* autlmrs believe them to consist of anhydrous 
ammonium monosiilphide. 
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Summary. 

1. The solutions obtained by the action of hydrogen sulphide 
on alcoholic solutions of ammonia contain both ammonium hydro- 
sulphide and monosulphide in equilibrium with each other and 
from them crystals of varying composition separate. No evidence 
was obtained of the formation of solid complexes. 

2. Low temperatures favour the formation of the hydrosulphidc 
in the solution, the monosulphide being mainly produced when the 
temperature is allowed to rise. Nearly pure hydrosulphide was 
obtained by crystallising a solution prepared at 0° and rapidly 
washing the crystals with small quantities of dry alcohol. On 
fractionally precipitating solutions, the temperature of which had 
been allowed to rise, with ether saturated with ammonia, crystals 
of the monosulphidc with one molecule of alcohol of crystallisation 
were obtained. 

3. Anhydrous ammonium hydrosulphide is host prepared by 
alternately passing ammonia and hydrogen sulphide into dry ether. 

4. Attempts to convert the hydros ulphide into the monosulphide 
bv the prolonged action of saturated solutions of ammonia in 
ether failed, but in the presence of a small quantity of alcohol a 
yellow oil having the composition (NH 4 ) s S,iNH a separated out, 
together with a few transparent, cubic crystals, believed to be 
anhvdrous ammonium sulphide. Similar crystals' were obtained 
when the oil was kept in an open vessel. The ratio [NH 3 ] |H a S] 
was determined for these crystals, the results lying between 1’92 
and 2T1. In view of the great difficulty of obtaining an accurate 
analysis, this is considered to he in good agreement with the value 
2 required by theory for {XHJJS. 

In conclusion, the authors desire to express their thanks to 
Professor E. C. C. Baly, ('.B E., F.K.S.. for granting facilities for 
carrying out the work and for much kindly ln-lp and criticism 
during its progress; and also to Mr. J. 11. Junes. B.JSc.. and Mr. H. 
Evers, B.Sc., who made some of the preparation.-. 

Tun Chemistry Department, The Chkmi»tuy Department. 
University of Cape Town. Vmveh-ity <>r Livi itr. oi . 

:7.V:o'»W, March W*.' : 
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C XXXVI . — The Isomerism of the Oximes . Part XT 

Ca rbethoxy -derivatives. 

By Oscar Lisle Brady and Gerald Patrick McHugh. 

The study of the earbethoxy-derivatives of the oximes was coni- 
incnced by Dunn and one of us some eight years ago. Circumstances 
however, prevented its completion, and the action of ethyl eh loro- 
formate on the sodium salts of but three oximes was studied. Jt 
was found (T., 191(>, 109, 078) that m-nitro- and p-dimethylamino- 
bonzff/iD’aldoximes in sodium hydroxide solution on shaking with 
ethyl ehloroformate gave carbethoxy- derivatives which, on 
hydrolysis with hot sodium hydroxide solution, regenerated the 
original oximes, but that p-nitrobenzaidfaldoxime, on similar 
treatment, gave a oarbethoxy*com pound (in. p. 91°) which on 
hydrolysis gave p-nitrobenzonitrile. When this derivative wu> 
boiled with alcohol, isomeric change took place and another carl), 
ethoxy-compound was obtained (m. p. 109°) which on hydrolysis 
gave yMntrobenztfHfialdoxime. On the basis of the HanUsdt. 
Werner stereochemical hypothesis for the isomerism of the oximes, it 
seemed reasonable to suppose that the derivatives which on hydrolysis 
regenerated the anti - oxime possessed the anti-configuration, and 
those which gave the nitrile in these circumstances the -syn- con- 
figuration ; indeed, this assumption, applied to the acetyl compounds., 
is the basis of Hant/.seh's method for the determination of the 
configuration of aldoximes (Hantzseh and Miolati, Z. phyxifaL 
Chew., 1892, 10, 1 ; 1894, 13, .71)9). The reactions were therefore 
represented as follows : 

Mc.X-O.H.-t' H M Mr ,X-( ' r lf ,-C H 

HO-X * — ^7 EtOX'-OX 


U))X(VC fi H v CH^ 

HON 




' ‘O/f 


H/OH 

' 4 if 

... N*U-CO,Kt 


TJl m-tyiye 


N<VCV.ll t *CH 01 

KtO.G-O-N 


The possibility that, on the analogy of certain reactions of the 
ethylene derivatives, fm/i ^elimination mav take place more readily 
than n. s'- elimination has not been overlooked. If this were the case, 
all our formula; for the oximes would have to be inverted, hut until 
some direct evidence of frrt iiA-eliminn t inn among these compounds 
is forthcoming there seems to be no reason to introduce confusion by 
any departure from Hantzseh s original conception. 
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The actioii of ethyl chloroformate on an alkaline solution of 
p-nitrobenza«//aldoxime resulted in a change of configuration, but 
this did not occur in the other two cases ; although this inversion 
was not entirely novel (compare Brady and Dunn, T., 1913, 103, 
1013 ; 1916, 109, 6ol), it seemed of sufficient importance in connexion 
with the mechanism of oxime change to justify further study of the 
action of ethyl chloroformate on aromatic aldoximes of various 
types. Of those which are known to exist in two isomeric forms, 
ni’ t and p-chloro, o-, ?«*, and p-nitro-, p-methoxy-, and 3 : 4- 
methylenedioxy-benzaldoximcs and benzaJdoxiine itself have now 
been employed, whilst of those which, so far, have only been 
obtained in one form, besides /MliinelhylannnoInmz'Mriaidoxime 
already investigated, o-methoxy-, 3-nitro-p-dimcfliylamino-, and 
0 -nit ro-3 : 4-mcthylenedioxy-benzrt/iliaIdoximcs have been used. 
Although long experience has shown that oximes seldom behave as 
expected, the results obtained have been surprising, and are very 
difficult to interpret. 

When acted upon in solution in 2A*-sodiuni hydroxide with ethyl 
chloroformate, benztfH/ialdoxime, o-, /«-, and p- oh loro-, M-nitro-, 
p-diniethylamino-, 3- nitro-p-di methyl amino-, 0-nitro-3 : 4-methyl- 
enedioxy-, and o-methoxy-benzuarialdoximes all yield carbethoxy- 
derivatives which on hydrolysis regenerate the original oximes, 
and mav therefore Ik* assumed to have the r/ari-configuration. On 
the other hand, p-nitro-, p-methoxy-, and 3 : 4-methylenedioxy- 
benzGw/ialdoxiines under similar conditions give c-arbethoxy- 
corn pounds which on hydrolysis yield the corresponding nitriles, 
and may be supposed to be -derivatives. o-Xitrobenzutt/t* 
aldoxime, when acted upon in alkaline solution with ethyl ehloro- 
formate, gave o-nitrubenznnitrile direct, it being impossible to isolate 
an intermediate earbethoxy-eom pound. The carbet ho xy- compound 
was, however, formed by the action of ethyl chloroformate on the 
dry silver salt of o-nitrobenzutd/aldoxime, and since dilute alkalis 
converted it into the nitrile it was apparently a *y/< -derivative. 
Whereas earbethoxy-p-nitrobonz«y«a!doximc on boiling with alcohol 
was converted into carbetlioxy-p*nitrobcnz<i«/ialdoxinie. the 
corresponding o- nitre-, p-methoxy-, and 3 : 4-methvlenedioxv- 
compounds were not affected by sueli treatment. Attempts to 
prepare the carbethoxy-u a //-derivatives of these oximes were 
unsuccessful, as the syn -derivatives were always obtained even by 
the action of ethyl chloroformate on the dry silver salts of the 
/-oximes. There seems to be no reason for the differential action 
of ethyl chloroformate. Although tlmr of the oximes which gave 
-syn-derivatives were para-subst ituted. o-nit mhviwtntia Idoxime 
behaved in a similar way, except that its carbethoxy-derivative 
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was so unstable that the excess of alkali present caused immediate 
decomposition to o-nitrobenzomtrilc. Moreover, p-dimethy]. 
amino-, 3-nitro-p-dimethylamino-, p-cliloro-, and C-nitro-3 ; 4 . 
methylenedioxy-benzflHfraldoximes suffered no change in c<m. 
figuration on conversion into their earbethoxy-derivatives. 

When the substituted benzspaldoximes were treated in alkaline 
solution with etliyl chloroformate, the invariable product of tfj e 
reaction was the corresponding nitrile, no carbethoxy-compoinuj 
being formed even in the eases of p-methoxy- and 3 : 4-incthylcue- 
dioxy-benzsynaldoximes. This, apparently due to the hydrolysis 
of the carbet ho xy -syn -derivative as formed, is somewhat remarkable, 
as carbethoxy-p-methoxy- and carbcthoxy-3 : 4-methyIenedioxy. 
benzsyaaldoxiines, when prepared from the anti- oximes, are 
precipitated in the presence of a similar excess of sodium hydroxide 
to that employed in the reaction with the sya-oximes. The 
phenomenon, however, is to a certain extent one of degree ; mb. 
ethoxv-o-nitrobenziopmldoxime is so sensitive to alkali that it is 
decomposed in the preparation from the oxime; carbet box y-y. 
methoxy- and earbethoxv-3 : 4 - met Uy le nedioxy-benz.s//aakluxi mes 
are not so sensitive and are isolable when prepared from the nnii 
oximes, and can, moreover, be prepared from the s//rt-oximes by 
dissolving these in 2„Y-sodium hydroxide and shaking with a solution 
of ethyl chloroformate in ether so as to remove the compounds 
formed as much as possible from the influence of the alkali bv 
solution in the ether layer. p-Xitrohenzs/pmldoximc, however, 
still gave the nitrile by this method. 

Finally, it may he mentioned that the same earln'thoxy -derivative 
was obtained from the silver salt of 3 : 4-nudhylenedioxylxm*;//!- 
aldoxime as from the unit - oxime in alkaline solution aiul that 
earbethoxy-m-nilrobeiizs < v»ahioxiim‘ was obtained from the silver 
salt of «Mutrobenzy/y//aIdoxime, although in this ease the unii - oxime 
yielded earhethoxy-m-nitrobenzu/<D‘aldoxime. There seemed, 
therefore, no reason to suppose that the abnormal behaviour \va- 
due to an inherent instability of some of the earbethoxy-cumpoumb 
rather than to those compounds possessing in some eases the (ititt- 
and in others the-5/pi-eonligiiration, although in every ease they "were 
obtained from the rodi-oximes. 

The phenomena requiring explanation are, first, the formation in 
some eases of only syw-derivatives from uw/i-oximes, and, secondly, 
the formation of carbet boxy -v/u -derivatives from p-methoxy- r 
3 : 4-mcthylenediuxy-, and /i-nitru-benzu/dmkloxiines in the 
presence of excels of alkali, although under the same conditions the 
corresponding .n-j/m-oxhucs yield nitriles. T'he behaviour (4 the 
various oximes, however, seems so capricious both towards ethyl 
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chloroformate and other reagents of a similar type that it appears 
undesirable at the moment to attempt to answer the riddle. 


Experime n t a l . 


Carbcthoxybcnz&ntmMoxime, v Five grams of benz- 

art riald oxime were dissolved in 30 e.c. of 2A T -sodnnn hydroxide and 
4*5 grams of ethyl chloroformate slowly added with constant 
shaking and cooling. The oil which separated was extracted with 
ether, the solution dried over anhydrous sodium sulphate, and the 
ether removed at room temperature. The semi-solid mass so 
obtained had an odour of ethyl chloroformate and was pressed 
on a porous tile and washed thereon with a small quantity of ether. 
The solid carbethoxy -compound so obtained was crystallised with 
difficulty by dissolving in a small quantity of cold acetone and adding 
water drop by drop until a faint cloudiness appeared, scratching 
vigorously until crystallisation started, and then adding a few more 
drops of water cautiously to increase the amount of substance 
thrown out of solution. This method is called in subsequent 
descriptions crystallisation from acetone and water. With many 
oximes and their derivatives this proves to be an excellent method 
of purification, and possesses the advantage that it is unnecessary 
to heat the solution with the consequent risk of isomeric change. 
Carh(iihox}fb()r^i\\WAorin\< crystallises in white needles melting 
at 34 — 3.V (Found : X - 7 4. requires X — 73 per 

cent.). The earbethoxy-eom pound was hydrolysed by heating on 
the water-bath with J-Y-sodium hydroxide until it dissolved. The 
alkaline solution was saturated with carbon dioxide, when the 
characteristic odour of hcnzftrt/mldoxime was observed, but. owing 
to the low melting point of t his compound making it difficult to 
identify as such, it was not isolated. The .-olution vom extracted 
with ether, the extract dried and saturated with hydrogen chloride, 
and the characteristic hydrochloride thereby precipitated was 
found to give benswy/ialdoxinie on treatment with sodium carbonate 
solution. 


Vurhithoxibo-chloralii arintiablosi/H' . * ^ MV -Vive grams 

EttU-O-X 

of o-elriorobenzuN/faldoxime were dissolved in Jo e.c. of JX-sodium 
hydroxide and 3 b grams of ethyl chloroformate added with constant 
shaking and cooling. The product was treated as in the ease rtf 
carhethoxybenzuw/ialdoxime and crystallised from light petroleum 
in long, silky, white needles melting at 47 (Found: X — (>J. 
^lo^ioO^Xri requires X - 0 J ]ht cent.). 
tArlMthofy-m-chloralic Hzairt'wldoxi w<~ . -This was prepared from 
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?n-chlorobenz«Ji/ialdoxime in an analogous manner to the above 
and crystallised from acetone and water in large, white crystals 
melting at 37° (Found : N = (V5. C 10 H 10 O 3 NCl requires N = (>-2 
per cent.). 

C "arbe th oxy -p-chlorobenz&nilaMoxime. — This compound, prepa red 
in an analogous manner to the above from p-chlorobenzan^ialdoxime 
crystallised from acetone and water in white prisms melting at NT' 
( Found : X — 6*3. O 10 H 10 O a NCl requires X -a 6*2 per cent.). 

.4 ttempt to Pre pa re Ca rbrthoxy- p -cldoroben sayn aldoxi m e. . — Attempts 
were made to prepare this compound by the action of ethyl eh loro, 
formate on the silver salt of p - e h Io ro ben 7<stjn a Id o xi m c 
carbethoxy-uMiitrobenz^/waldoxime below). These efforts were 
however, frustrated by the ease with which the sodium salt of the 
syn -oxime hydrolysed in aqueous solution, which made it impossible 
to prepare the silver salt in the usual way. 

Hydrolysis of thr ('arlHthoxychhrobenz&xtiialdoxittws. — The three 
carbethoxv-compuiinds alum' were hydrolysed as in the ease of the 
benzuNf/aldoxitne derivative. On saturating the alkaline solutions 
with carbon dioxide, the resjK'etivo oximes were precipitated in 
each ease and idcntiiied by the melting points and mixed melting 
points with the original oximes. 


Carhtthoxy- o - wthoxyhfn^nXitddoxiinr, m — Five 

grams of o-metlmxybenzrDrti’aldoxime, dissolved in io e.e. of 
2,Y -sodium hydroxide. were treated as before with 4 grams of ethyl 
ehloroformate. The derivative, isolated in the same way, crystallised 
from light petroleum in stout, colourless prisms melting at oi 
(Found : X ux <*„ Hj-jOjX requires X r : (r3 per cent.). 
Hydrolysis of this com pound with i.V-sodium hydroxide, followed 
by precipitation with carbon dioxide, regenerated the original 
oxime. 


('nrhf-tho.rif-w-un tho.ndx n'*\ua((forini<\ f j ^ — 

‘ NdX'OoKt 

Five grams of /Muethoxyhenzunbaldoxime (anisaldoxime) wore 
dissolved in 2b e.e. of 2.V-sodium hydroxide and treated with 4 
grams of ethyl ehloroformate in the usual way. In this ease, the 
carbethoxy-eompound was deposited as a solid, which was separated 
by filtration instead of extraction with ether. It crystallised from 
acetone and water containing a small quantity c»f alcohol in white, 
glistening leaflets melting at 74 (Found: X - (ro, e n H in O;X 
requires X — fi*3 jmt cent.). This eonipound was hydrolysed by 
heating on the water-bath with T.Y-sodium hydroxide for an hour. 
Ammonia was evolved and on saturating the solution with carbon 
dioxide no oxime was precipitated. Acidilication Aith dilute 
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hydrochloric acid resulted in the precipitation of anisic acid, 
identified by its melting point and mixed melting point with 
another specimen of that acid. Hydrolysis has consequently 
resulted in the production of anisonitrile and its further hydrolysis 
to the acid and ammonia. Carbethoxy-p-methoxybenz$y»aldoxime 
was boiled for an hour under reflux with alcohol, but the original 
compound was recovered unchanged when the solution was diluted 
somewhat {compare carbethoxy-p-nitrobenzsipjaldoxime, Brady 
a nd Dunn, Joe. cit.). The same carbethoxy-p*methoxybenz*yuald- 
oxime was obtained by shaking a solution of 5 grams of yj-methoxy- * 
henzst/waldoxime in 25 e.c. of 2A T -sodium hydroxide with 4 grams of 
ethvl chloroformate, dissolved in 25 e.c. of ether, for some time, 
separating the ether layer, and evaporating. Tn this way, the chance 
of hvdrolysis of the earbethoxy-com pound is minimised, as it is 
removed from the action of tin* alkali by solution. in the ether. 

Carbftho.ry-3 : 4 - mdh yh n edioxyhe n zsynakloxi >ttf\ 

CIUl.X’yHyCH 

X*(HT),Kt' 

—Three grains of 3 : 4>inethylem i diuxybenzff/d/aldoxime (piperon- 
aldoxime) were dissolved in 40 e.c. of 2.V-sodium hydroxide and 
treated with 2 grams of ethyl chloroformate as before. The solid 
which was precipitated was crystallised from acetone and water, 
when the carbethoxy-compound was obtained in large, white, 
irregular crystals melting at 7S : (Found : X =- .VS. C U H U 0 S X 
requires X — 5 9 per cent.). Hydrolysed in the same manner as 
die carbethoxy-P'methoxybenzN'v/ialdoxirne. it gave no oxime, Imt 
3 : 4-inethylenedioxybenzoic acid, which was identified in the 
usual way. Boiling with alcohol under reflux for an hour did not 
bring about isomeric change, the original compound being recovered 
unaltered. A quantity of the solid oarbethoxy.Cum{>ound was 
melted on the water-bath for live hours: on cooling and crystal- 
lising the product from dilute alcohol. M : 4-niethylenodioxybenzo- 
nitrile was obtained, being ident itied by the method of mixed melting 
points. Five grams of 3 : 4-inethylmedioxybenzu/d/aldoxime were 
dissolved in dry ether, and U‘7 gram of sodium, dissolved in the 
minimum amount of alcohol, was added. The precipitated sodium 
salt was collected, washed with ether, dried, dissolved in water, and 
the calculated quantity (1 mold of silver nitrate added. The precipi- 
tated silver salt was collected, washed with water, pressed on a 
porous tile, and dried over sodium hydroxide in an evacuated 
desiccator. The silver salt so obtained was finely ground, suspended 
in dry ether, and three-fourths of the calculated quantity of ethyl 
chloroformate added. After leaving for forty-eight hours in the 
dark, the unchanged compound and silver chloride were removed 
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and the ethereal solution was evaporated at room temperature. 
A crystalline mass remained which after washing with a small 
quantity of ether was crystallised from acetone and water. The 
product so obtained was identical in properties with the carbethoxy. 
3 ; 4-methylenecUoxybenzsy?ialdoxime prepared by the first method 
melting at 77° and not depressing the melting point of a specimen of 
that compound. Treatment of 3 : 4-methylenedioxybenzsf/aaldoxime 
in sodium hydroxide solution with a solution of ethyl chloroformate 
in ether in the manner described above for p-methoxybcnzsi/nald. 
oxime also gave the same carbethoxy-compound, as did the treat, 
ment of the silver salt of the syn - oxime in an analogous manner to 
that of the ttwfi- oxime. 


Co rbethoxy - o - n it robe n zsynaf doxime, — When 

N’OGu 2 Et 

o-uitrobenzanfialdoxime was treated in alkaline solution in the 
usual way with ethyl chloroformate, on one occasion a small 
quantity of a compound melting at 42° was obtained. All attempts 
to repeat this experiment were unsuccessful, as in every case the 
product which separated was found to he o-nitrobenzonitrih*. 
The carhethoxv-derivative was, however, prepared by treating 
the dry silver salt of o-nitrobenznnftaldoxime, obtained in 
the same manner as 3 : 4-methylenodioxybenzantialdoxime, in 
ethereal suspension with somewhat less than the calculated quantity 
of ethyl chloroformate for forty- eight hours. On filtering and 
evaporating the ethereal solution, a product was obtained which 
after pressing on a porous tile crystallised from alcohol and water 
in short, white, prismatic needles melting at 42° (Found : N -- 1H. 
Ci 0 H 10 O r) X 2 requires X - 11*8 per cent.). As is usually the case 
with aevl derivatives of o-nitrobenzciJi/mldoxime, heating with 
2A-sodium hydroxide resulted in profound decomposition of the 
carbethoxy-compound. hut if a suspension in 2A*-sodium hydroxide 
were left for two or three days at room temperature most nf the 
compound passed into solution. After separating, the solid residue 
was crystallised from alcohol ami found to consist of o-nitn>benzo« 
nitrile. The alkaline solution gave no precipitate of oxime when 
saturated with carbon dioxide, but when acidified with hydrochloric 
acid a precipitate of o-nitrohonzoie acid was obtained, which was 
identified in the usual way. When boiled under reflux with alcohol 
for an hour. carhcthoxy-o-nitrobenz.v///ialdoxime was not converted 
into an fl/dbisomeride, the original compound In-ing recovered. 
As in the case of p-chlorobenzo/naldoximo, the sodium salt of 
o-nit r< >!x*n/.JS//wa Id* >xi me was so readily hydrolysed by water that 
a satisfactory silver salt could not he obtained, and for this reason 
the action of etlivl chloroformate on this salt could not be studied. 
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Carbethoxy-m-nilrobenzsynaldoximc, N0 2 *C 6 H 4 *CH ^hp 

N*0*C0 2 Et‘ 

silver salt of m-nitrobenz5yftaldoxime was prepared from pure 
M-nitrobenzsynaldoxime in the same way as the silver salt of 
3 : 4*mcthylenedioxybenzanf ?‘aIdoxirne above. An ethereal sus- 
pension of this salt was left in the dark for forty-eight hours with 
slightly less than the calculated quantity of ethyl chloroformate. 
After filtering and removing the ether, a crystalline product was 
obtained which was purified by placing it in a dry folded filter 
paper and pouring boiling benzene over it and collecting the filtrate 
in a cooled vessel, wben carbethoxy-m - nUrobcuzsynaldo.ciwne was 
obtained as a white, crystalline powder melting at 138° (Found : 
N = 12‘0. C 10 H l0 O 5 K» requires X = 11*8 per cent.). When it 
was hydrolysed by heating for an hour with 2X-sodium hydroxide, 
ammonia was evolved; subsequent treatment with carbon dioxide 
gave no oxime, but acidifying with hydrochloric acid precipitated 
?«,-nitrobenzoic acid. 

Carbethoxy-derivative s of p -Xitrobenzaldozime. — These have been 
described by Dunn and one of us (foe. cit.). The results there 
obtained were, however, unique, so the preparation of these com- 
pounds was twice repeated and the previous results were fullv 
confirmed. An attempt to prepare carbethoxy-p-nitrobenzsy??ald- 
oxime from the silver salt of p-nitrobonzsy/ialdoxime was frustrated 
owing to the hydrolysis of the sodium salt of the sy/i -oxime in 
aqueous solution and the consequent difficulty in preparing the 
silver salt therefrom. 

Carbethoxy-3-n itro-4-dim eth yfom i nobc n rant laid ox i me , 
X0 2 -C fi H 3 (X.Me 2 )-CH 
. EtO.,OON * 


—To a solution of 1 grain of 3-nit rn-4-dimethyIaminobcnz(i»f tald- 
oximein 20 c.c. of 2.V-sodium hydroxide was added G o gram of ethyl 
chloroformate. On shaking the mixture for some time, the curb - 
com pound was precipitated as an orange-coloured solid, 
which crystallised from acetone and water in orange plates melting at 
135 (Found; N — 14*8. t'j2Hj 5 0*N 3 requires X ~ 149 jkt cent ). 
This compound was hydrolysed by heating on the water-bath with 
2A r -sodium hydroxide until solution was complete. During the 
process, a small amount of ammoniaea! vapour was evolved. On 
saturating the alkaline solution with carbon dioxide, a copious 
precipitate of 3-nitro-4-dimethylaminobeuza«//aldoxime was ob- 
tained. After removing this, acidification of the solution with 
dilute hydrochloric acid gave a small precipitate of a compound which 
after crystallisation melted at 174 — 170 and appeared to be 3-nit ro- 
4-hydroxybenzoic acid. As by far the greater portion of the 



1198 nitAnr and mptiitott: the isomerism of ttte oximes. 


carbethoxy-derivative regenerated the original oxime, there is 
little doubt that the carbethoxy-compound had the anti-con- 
figuration. 

Carbethoxy-ft-nilro- 3 : 4.-metkylened toxybe >ua nt i aldoxime, 
N0 2 -C 6 H 2 (CH 2 0 2 )-0H 

Etojc-O-W ' 

— This compound, prepared in an analogous manner to the above 
from G-nitro-3 : 4-methylenedioxybenzanfraldoximc, separates from 
the alkaline liquor as a faintly green solid, which crystallises from 
acetone and water in very pale yellow needles melting at ] 20 
(Found : N — 10' 2. O n H lft O-N 2 requires N — 10*0 per cent.). 
When this compound is warmed with 2JV-sodiuin hydroxide, 
profound decomposition takes place as in the case of carbethnxv- 
o-nitrobcnzsi/waldoxime, but if the solid be left for some days in 
contact- with 2*Y-sodiiun hydroxideat room temperature, hydrolysis 
will take place smoothly and carbon dioxide will precipitate from 
the solution the original oxime. 

Action of Ethyl Chloroform ate on Alkaline Solutions of syn-.l hi 
oximes , — The <y//«-aldoximes were dissolved in 2A r -sodium hydroxide 
and shaken with slightly less than the calculated quantity (1 niol.) 
of ethyl chloroformatc, keeping the solutions cold. The product 
which separated, if solid, was filtered off or, if oily, extracted with 
ether, the ethereal solution dried with anhydrous sodium sulphate, 
and the solvent removed at room temperature. With the exception 
of the product from benz^/ualtloxime, a solid was obtained bv these 
methods which was crystallised from acetone and water, fn all 
cases investigated, namely, benz-vi/waldoxime, p-chloro-, w-, and 
p-nitro-, 3 : 4-methylenedioxy-, and /Mnethoxyhenzsymddoxiiues, 
the products obtained by the action of ethyl chloroformatc proved 
to be the corresponding nitriles. In the ease of benzonitrile, this 
was recognised by its odour and hydrolysis to benzoic acid and 
ammonia, whilst in the other cases tin* nitriles were identified by 
their melting points and mixed un iting points with other sjx'cimcns. 
When the alkaline solution of the #//« -oxime was shaken with an 
ethereal solution of the ethyl chloroformatc, whilst 3 : 4-methylene- 
dioxy- and p-methoxy-benz*ymilduximes gave the corresponding 
carbethoxy-synaldoximes (see above), //?- and /Miitrobenz-su/wald- 
oximes under the same conditions still gave the nitriles. 

The Ralph Forster Laboratory or Organic Chemistry, 

University College, London. (/f'cn'mi. April 4 th. 10*^3.] 



bowks: the photochemistry of unstable substances, lion 


CXXXVII . — The Photochemistry of Unstable 
Substances . 


By Edmund John Bowen. 

A mono the various attempts to appl y the quantum theory to the 
problems of chemical reactivity is the so-called law of the photo- 
chemical equivalence, first obtained by Einstein {Ann, Physik, 
1912, 37, 832), which is generally accepted as forming a basis for 
the consideration of photochemical reactions. The number of 
molecules reacting is equated to the number of quanta in the light 
absorbed by the system. This law was shown by Einstein to be 
the necessary average (and approximate) result from the radiation 
jaws in the ease of a photochemical stationary state v having 
properties of a rather hypothetical character. The view now taken 
is to regard the law as founded on the quantum absorption of 
radiant energy, and then-fore as equally applicable to irreversible M 
photochemical reactions. 

In the case of actual photochemical reactions, the ratio quanta 
absorbed/juolecules reacting assumes various values from cc to 
about 10~ 10 (compare Bodenstein, Z. yhtjsikal. ('hem . , 1913, 85, 329). 
Important investigations of the experimental validity of the law 
have been made by Warburg (summary, Z. Kkktrochem.. 1920. 26. 
r>4), Henri and Wurmsor (•/. Phy*. Radium, 1913, [v], 3, 305 : Com pi. 
■rend., 1913, 156, 1012). and by Xoddack (Z. Ekktroehem., 1921, 27. 
359). It appears that the law is closely followed in the reactions 


TTBr — > H ~ Br l 
HI — * H -f f / 


(Warburg) in ultra-violet light. 


0l 2 -j- 2Cri 3 Br — 2(‘( , i 1 Bi\, (Xoddack) in violet light, 
and in the reactions 


and 20 3 30J ("'arimi*) in ultra-violet light, 

if readily acceptable assumptions are made as to a primary photo- 
chemical process followed by spontaneous secondary thermal 
reactions. 

Deviations from unity of the measured ratio quanta absorbed 
molecules reacting in other reactions are explained by Warburg and 
Xernstaa due to throe main causes : 

(1) The quantum absorbed may not be large enough to bring 
about the primary change. 

1-) The molecule may absorb a quantum, but may lose it again 
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by collision, the energy being degraded as heat (“ deactivation by 
collision ”). 

(3) Secondary spontaneous thermal reactions. Such reactions 
may form a chain, accounting for extraordinarily small values of 
the ratio (Nernst, Z. Elektrochem 191$, 24, 335). 

The first two causes make the ratio larger than unity; the third 
usually makes it smaller. So all actual cases are provided for. 

In this investigation was studied the application of the law to the 
photochemical decomposition in violet light of carbon tetrachloride 
solutions of chlorine peroxide, chlorine monoxide, and nitrogen 
trichloride. 

Experimen t a l . 


Materials.— The pure carbon tetrachloride of commerce was 
allowed to stand with chlorine peroxide, washed, dried with pirns- 
phorio oxide, and fractionally distilled. 

Source of Light .— In order to reduce the necessary time of exposing 
of unstable solutions, an intense source of light is required. A 
cm bon arc, taking 11 amperes at about 45 volts, with vertical, 
electromagnet ica 1 1 v regulated negative electrode was used. The 
hand-fed positive electrode was horizontal, and was onK < mm. in 
diameter to minimise wandering of the “spot.” A permanent 
magnet deflected the arc so that the positive spot was situated at 
theextreme end <4 the electrode*. With a condensing lens tin* light 
was concentrated on an aperture of area about 4 sq. cm., behind 
which the photochemical cell was placed. r lhe blue and violet 
ravs were isolated by means of trough Alters containing solutions of 
ferrous ammonium sulphate and copper sulphate, and of crystal, 
violet. 

The chief sourer of inarm racy in the experiments was ilur lutin' 
fluctuations in the light intensity of the are ; tins especially affected 
the absorption measurements. The inaccuracy on this account may 
reach 25 per cent. 

Photochemical < ’<U.— A flat-walled cell was constructed, of internal 
width about 5 nun. and volume about 4 5 e.c., somewhat resembling 
a nvknomrtcr in shape, and tilted with two taps lubricated with 
phosphoric arid. Filling was accomplished bv forcing the solution 
through a capillary tip inserted through the bore of one of the taps. 
With this cell an accurately reproducible volume is employed at 
each fillin'', and the whole of the liquid can be removed for titration ; 
auxiliary pipettes, involving exposure to air and loss of solute under 
the partial vacuum, are avoided ; and loss of liquid during exposure 


is negligible. 

31 1 nxurnuent of Kncrgtj. llx* energy in 
was measured with a rough bolometer. 


the radiation employe*! 
A wide- angled com* of 
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about 20 ohms resistance, 25 cm. in diameter, was wound from 
42 -gauge silk-covered copper wire one layer thick, held together with 
a little shellac and blackened on the inside. The resistance change 
of this cone when heated by the; radiation was measured against an 
approximately equal resistance composed of heavy-gauge manganin 
wire. It was calibrated by measuring its change of resistance when 
different amounts of electrical energy were expended in it. Three 
or four minutes were necessary for the instrument to come into 
equilibrium with the radiation. 

For the measurement of the energy absorbed in the various 
experiments a Melloni thermopile of 56 antimony-bismuth pairs 
was found convenient. Readings were made on a potentiometer 
wire connected in series with a suitable high resistance and an 
accumulator; the arrangement being calibrated by comparison with 
the bolometer. 

The wave-lengths absorbed in these experiments reached from 
about 4100 A. to 4700 A. In calculating the number of quanta, a 
representative mean wave-length 4450 A. has been employed; that 
is, h ■= 4 42 X 10" 12 erg. 


Chlorine Peroxide Solution*. 

Chlorine peroxides prepared in an all-glass apparatus by warming 
at 60 a mixture of S grams of potassium chlorate, t»0 grains of 
crystallised oxalic acid, and 4 e.e. of water (Bray, Z. physikal 
Uu tn., 1 0Ut>. 54. 40.1, .>60, 7.11), was parsed into carbon tetrachloride. 
The gas and the solutions were dried with phosphoric oxide. The 
solutions aic bright yellow and show a characteristic absorption 
spectrum consisting of bands in tin* blue and the violet equally 
spaced on a frequency scale, with maxima at 4675, 452U, 4370, and 
4220 A. approximately. The bands are much fainter in the longer 
wave region. 'I his spectrum resembles that found by Kiibitz 
Bonn, lOUo) for the gas. The solutions decompose slowlv 
in the dark, the rate of decomposition depending on the free 
space in the vessel above the liquid. 

In light, the decomposition may be represented stoicheiometrically 

2C10 2 - ^ Cl 2 - r 20o. 

tnt ox) gen largely remaining in the solution in a supersaturated 
condition. 

Chlorine pcioxide and chlorine in presence of one another were 
csi mated by addition to excess of potassium iodide and titration 
W , l * um thiosulphate, lirst with the solution neutral, and then 
acidified with dilute acid (Bray, loc. at.). 
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The reactions are : 

Neutral sol. 3C10 2 f 51' 210/ + 3CT 1- 31. . 

Acid sol. C10 2 + 5T + 4H* — > CT + 2H 2 0 -f 51. 
Chlorine reacts equally in neutral and acid solutions : 

CL 1- 21' — > 2C1' + 2T. 

Summary of Results . — 


Molecules Quanta 


Cone. of C10 2 

decomposed 

per see. 

Mean 

Quanta ahsm-k([ 

in gram-mol. 

per see. in 

radiation 

ahsorp- 

per litre. 

X 10-”. 

X 10” 

t ion . Molecules dec-omj io.si 

0-317 

5*8 

8-7 

(Ml 

1*35 

U*lttU 

0-0 

8*7 

0-S2 

Mtl 

0*100 

0-2 

8-7 

0-80 

M2 

0-0945 

5-03 

8-7 

0-71 

1-2S 

0*0885 

:M4 

0-0 

0-71 

1-35 

0-0850 

1-75 

8-7 

0*70 

1-28 

0-0724 

5 41 

8-7 

(MIS 

1*09 

0-0822 

4-17 

8-7 

(M>7 

I-2S 

0 0505 

;>•:* 

5-05 

O-SO 

1 22 

0-0585 

5-2 

8-7 

(Mia 

1-00 

0-0482 

4-3 

8-7 

0-li2 

1 25 

0-0340 

4 41 

8-7 

0-57 

1-12 

In experiment 

5, a yellow' lilt 

or was ern 

ployed to 

cut off the light 


higher frequency. 

The ratio quanta absorbed /molecules reacting was found to bo 
independent of the light intensity over a range 1 to G. It was also 
shown that an intermittent exposure produced tin* same effect as 
an equivalent continuous one. 

Chlorine peroxide dissolves in water to give a yellow solution 
which is photochemically sensitive. Popper (A/uki/ch, 1885, 227. 
161; 231, 137) has shown, however, that the decomposition in 
sunlight is complex, and has represented it by the equation 

18C10 2 -r 9H 2 0 -> 13HC1(>3 -j- 30 2 + 5HCL 
The reaction was therefore not studied. 

Ch lori n r M onoxide Sol utions . 

Gaseous chlorine monoxide was found to decompose slowly in 
light by its discoverer (Balard, ( him. Rhys., 1S34, 57, -2-j). 
although Garzarolli, Thurnlaek, and Schackcrl (J/tna&j), 1«SS5. 
230, 273) reported only inappreciable decomposition after liftoeji 
minutes’ exposure to sunlight. Solutions of the gas in carbon 
tetrachloride undergo the stoicheiometric decomposition in light 

2C1 2 () — 2C1, • (),. 

It was found unnecessary to prepare the gaseous substance. 
Dry solutions of chlorine in carbon tetrachloride react quickly and 
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quantitatively with yellow precipitated mercuric oxide to give 
brown solutions of chlorine monoxide. The absorption spectrum 
of the solutions consists of a broad indefinite band in the blue and 
violet, quite different from that of solutions of chlorine peroxide 
(compare results for the gases, Kayser, “* Hand bot h der Spectro- 
scopic,” 1905, Vol. Ilf, p. 306). 

The solutions were dried with phosphoric oxide before being used. 
Analysis was carried out by running the liquid into excess of 
potassium iodide solution, acidified with a known amount of 
standard acid, titrating the iodine liberated, and then titrating the 
excess of acid, using methyl-orange as an indicator. The reactions 
involved are 

cy> -j- H s O i IT 2(T 20H' 11 

and !- 21' 2CT 21. 

Summary of Remits . — 


Molecules Quanta per 


Cone, of CljO 

decomjjoscd 

see. in 

Mean 


in grarn-inol. 

per sec. 

radiation 

absorp- _ 

Quanta absorbed 

per litre. 

X 10 - ,B . 

X 10- 1*. 

tion. Mt 

ileeules deco mi posed* 

0-145 

4-4 

S-7 

0*00 

MS 

0-140 

4-03 

H-7 

0-585 

] -24 

0134 

4-91 

8*7 

n-55 

n-!W 

0 112 

4 14 

8*7 

0-4JI 

1 03 

0-110 

4*04 

8*7 

0*4 S 

1-04 

0-100 

3-55 

H-7 

0-47 

1-15 

0-0855 

3*00 

8*7 

U*42 

1-20 


S itroffen 

Trichloride 

Solution. s*. 



Hentschel ( Ber ., 1807, 30, 1434) showed that nitrogen chloride, 
dissolved in various organic liquids, was decomposed by light, 
usually with formation of chlorination products of the liquids. 
In carbon tetrachloride, the decomposition is simple : 

2XU, X s ~ 30*. 

Solutions were prepared by shaking carbon tetrachloride containing 
chlorine with concentrated ammonium sulphate solutions, and 
were dried with phosphoric oxide. In colour, they resemble 
solutions of chlorine (Chapman, T., 1906. 95. 138). lhc light 
absorbed was small, making measurements inaccurate. Analyses 
according to the method of Dowell and Bray [J. . lw*r. ('Arm. ■ Soc.. 
1917, 39, 896) yielded average ratios Cl X of 3 o. The nitrogen 
chloride was estimated by running the solutions into concentrated 
sodium sulphite, and distilling off the ammonia into standard 
acid. The measurements are unsatisfactory because the amount 
of decomposition appeared only as a small difference. 
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Summary of Results . — 


Molecules Quanta per 


Cone, of NC1 3 

decomposed 

see. in 

Mean 

Quanta absorbed 

in gram -mol. 

per sec. 

radiation 

absorp- 

per litre. 

X 10" 1# . 

x io- 16 . 

tion. 

Molecules decomposed' 

0-43 

13-7 

S-7 

0-43 

0-27 

0-316 

4-8 

8-7 

0-28 

0-508 

0-290 

2-13 

8*7 

0-29 

1 18 

0-227 

4-5 

S-7 

0-308 

0-595 


The results seem to indicate that more than one molecule is 
decomposed for each quantum absorbed. 


Discussion. 

These results are of a preliminary character owing to the sources 
of error in the apparatus employed. They are, however, of sufficient 
accuracy to justify the raising of the question whether real uni- 
molecular decompositions are ever found (compare Lowry, Trans. 
Faraday Soc., 1922, 596). In the case of thermal reactions, it U 
remarkable that only two possibly unimolecular reactions in the 
gaseous state (where complications due to solvent cannot occur) 
are known; the decomposition of phosphine at high temperatures 
(Trautz and Bhandarkar, Z. anorg. ('hem., 1919, 106, 95) and the 
decomposition of nitrogen pentoxide (Daniels and Johnston, J. Amcr. 
Chem. Soc., 1921 , 43, 53). Even in these cases the evidence is scarcely 
conclusive. The measurements with phosphine are extremely 
inaccurate, and the rigorous criterion of the effect of change of 
pressure does not seem to have been applied, whilst the unimolecular 
mechanism of the nitrogen pentoxide decomposition has been 
criticised by the investigators themselves (-/. Amer. Chem. Soc., 
1922, 44, 2402) . Almost all photochemical reactions exhibit compli- 
cations of varying degrees of obscurity, and the only guide is that 
radiant energy must be absorbed in quanta. It appears probable 
from the measurements in this paper that the photochemical 
decompositions of the oxides of chlorine are unimolecular, and that 
the views of Baly (see T runs. Faraday Soc., 1922, 588) and of Weigcrt 
{Z. physikal. Chem., 1922, 102, 410) are unnecessary for the 
explanation of these cases. The mechanism of the decomposition 
may be formulated 

oxides of chlorine -f- hv — ^ “activated” molecule. 

These “ activated” molecules then largely decompose by a ‘ dark 
reaction If this is so, then the unimolecular decomposition of the 
“ activated ” molecule would be expected to evoke, heat; and thb 
enables the mechanism to be discussed. The energy in violet 
light corresponds with 65,000 cals, per gram -molecule. Ihe other 
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hpat data available are only very approximate, and apply to the 
gaseous substances. In the dissolved state, the unknown heats of 
solution must lie reckoned with, but it is unlikely that these will 
be large enough to invalidate the general results of the reasoning. 
Taking as rough approximations 

2CI 2 0 > 2CI 2 + 0 2 -{- 32,000 cals. 

2C10 2 > Cig 4 - 20 2 -f 50,000 cals, (estimated), 

and the heats of dissociation of chlorine and oxygen as 100,000 cals 
and 150,000 cals., respectively, wo obtain for the hypothetical 
thermal reactions 


Cl 2 0 — ^ Cl + Cl + 0 - 159,000 cals m 

C1 2 0 CJ 2 + O — 59,000 cals /.>v 

CIO, Cl + O -f- O — 175,000 cals /g\ 

C10 2 " ^ Cl -f- 0 2 — 25,000 cals ^ 

The only reactions jx>ssiblc to a molecule activated to the extent of 
65,000 cals, are (2) and (4). 

In the case of the decomposition of nitrogen trichloride, taking 
2XCI 3 > X 2 -f 3C1 2 4- 77,000 cals., 
even the reaction 


XC 1 3 — * X -f Cl 2 4- Cl 


is not possible in violet light if the heat of dissociation of nitrogen 
5 more than 110,000 cals., as is probable. The assumption that 
this decomposition is not unimolecular, hut that the activated 
molecule attacks an unactivatod one, would agree with the rather 
unsatisfactory experimental results so far obtained. This reaction 
IS being further studied. 


fhe results obtained in this investigation are not considered 
sufficiently precise to say whether in obtaining the ratio quanta 
absorbed molecules reacting the energy should be calculated in 
quanta at the fr "l u< ‘ ncios “dually absorbed, as appears probable 

»rat the frequency of the head of the band, as has been suggested 
(U\us, I hysieal Chemistry/* 1919, Vol. Ill, p. 137). 

wetn' C frCq,K ‘" Cy diff, ' r, ' ,,0< ' >'ands in the absorption 

of In t ° nne IXir0XI<J ° solu,i<,ns d >“‘ »« the superposition 

would <r ,a i- ",? ta °" a vibra,kmal < l" an,um . suc h a decision 

Ofenl V.‘ S , ° n t,C in,(rchan « os dr tween the various kinds 
°f Clingy within the molecule. 


Su mmanj. 

dm>m i k ' sition of carl, on tetrachloride 
1 0,,ne P° rox, ^° of chlorine monoxide under the 
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influence of violet light appears to agree with the law of the photo- 
chemical equivalence. Solutions of nitrogen trichloride in similar 
circumstances give less certain results not far removed from the 
requirements of the law. 

2. The mechanism of the photochemical decomposition has 
been discussed. 

The thanks of the author are due to the Research Fund Committee 
of the Chemical Society for a grant which partly defrayed the 
expenses of the work. 

Physical Chkmuwl Laboratory, 

Bam.iol and Trinity (‘ou.kisks. 

Oxford. [/ftmmf, March 1M, 1023.] 


OX XX. VIII. — Ring-chain Tautomer ism. Pari V. The 
Effect of the gem -I )/ propyl Grov ping on the Carbon 
Tetrahedral Angle . 

By Leslie Bains and Jocelyn Field Thorpe. 

When, as described in Part II of this series (T., 1922, 121. 1430}, 
it was discovered that the g< »i -diethyl group (Kt a C<) exerted an 
influence on the carbon tetrahedral angle which was quite different 
in effect from that exercised by the gem-dimethyl group (M <.'/'<}. 
it was evident that it would be necessary to prepare as many 
fifUlialkylglutario acids as jx>ssible and to compare their behaviour 
under similar conditions, in order to ascertain tile cause of thi> 
wholly unexpected result. If the difference in effect were due to 
a difference in volume between the dimethyl and diethyl groupings, 
it would mean that this influence would have to be exerted through 
the single carbon atom by which, in the ease of ethyl, the groups 
are attached to the fj-earbon atom, or, in other words, we should 
have to assume* that the volume effect of the attached carbon 
atom is affected by its participation in a chain of ear lion atoms of 
which it is a member. If this assumption is true, it is to be exacted 
that an increase in the length of the chain of which the tjctu -grouping 
is composed will exert a corresponding influence on the value of 
the angle formed by- the two remaining valencies of the Veurbon 
atom and that this influence could 1 m* detected by the stability 
of the ring structures or open-chain compounds derived from the 
substituted acids in question. 

It will he remembered that the influence of the gem -dimethyl 
group conferred stability on the open-chain keto-com pound (1) 
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and that it was apparently impossible to obtain the isomeric ring 
compound (II), although derivatives of this form (III) were obtained 
by the action of alcoholic potash on the dibromo-ester (IV) : 
r „ X x OC0 2 H 

(I.) Me 2 C<£ H ^.£ 0 ^jj 

-C(OEtV(X),H 
(ill.) Me.,C< ( J, H2 . c ^ H ' 


X(OH)-CO,H 


Me„C< 


ch-co 2 h 

CHBr(X) 2 Kt 

CIIBr-CO,Et 


(II.) 


(IV.) 


On the other hand, the action of alcoholic potash on the dibromo- 
ester (V) in the pew-diethyl series did not lead to the formation of 
any alkyloxy-derivative of type (III), but to a mixture of the 
koto-acid (VI) and the hydroxy-ring acid (VI f) ; the two compounds 
being subsequently found to be tautomeric in the sense that they 
each formed the same equilibrium mixture containing 38 per cent, 
of the keto-acid and 62 j>or cent, of the ring acid, when treated 
with strong aqueous caustic potash. 

AJHBr*C0 2 Kt ^(XKUH 


__ , )X C(0H)-C0 2 H 

Et 2 C< CHBrCO,E t Kt * f1 x CH 2 -C0 2 H Et 2 C ^CH*C0 2 H 
(V.) " (VI.) ' (VII.) 


An investigation of the intermediate methyl ethyl derivatives 
(!>C) (this vol., p. 113) led to a discovery which revealed the 

cause of the formation of the alkyloxy-derivative, for it was found 
that the alky loxy- ring compound, which was formed in this instance 
just as in the pew-dimethvl series, could be hydrolysed by hydriodie 
arid completely to the keto-acid. 

Since then it has been shown by Mr. Balbir Singh, working in 
these laboratories, that the same reaction is also characteristic of 
the dimethyl derivative and that tin* action of dilute hydrobromio 
acid on the alkyloxv-compound leads to a quantitative formation 
nf the keto-acid. These ex|>eriinei]ts prove, therefore, conclusively 
that the ring-hydroxy-form is unstable in the dimethyl and methyl 
ethyl series and that it passes at the moment of its formation 
into the open-chain isomeric keto-acid. The first evidence of the 
stability of the ring structure is obtained in the diethyl series, 
where the two isomeric com|)oimds. the ojwn-chain keto-acid and 
the hydroxy-ring acid, are tautomeric. 

The present pajKT deals with the first of the scries of investi- 
gations on the inHuenee of radicles higher in tlu* paraffin series, 
and contains the work which has been carried out with (iS-di 
propylglutarie aeid. 

[i3-Bi-H-propylglutarie aeid was prepared by Ron's modification 
(1.. 1021, 119, 818) of (luareschi's reaction. It was characterised 
hv the formation of the anhydride and anilie acid, two well-delined 
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crystalline substances which were not prepared by Guaresohi a ml 
which are admirably adapted for the purposes of identification. 
The acid can be readily converted by the usual methods into the 
ax'-dibromo-ester (VIII), which on distillation passes into the 
bromo-laetono ester (IX). The corresponding dibromo-aeid (X) 


Fig. 1. 



A. f r.<>on of “ h'/>h<>ru- ‘‘ to '* aci'l. 

15 . C'nU'i r*"/n of "Loin-" to “ h >i'Los ./. " <«/'/. 

and the hromn.Iactonie acid {XT) wmv a No prepared by the usual 
methods : 
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From the dibromo-estrr a mixlure of the keto-acid (XII) and ilio 
hydroxy* ring acid (XIII) was obtained. 
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The determination of the njmlihrium mixture between 1 luse t wo 
substances in 00 per rent. a<ji irons potash gave the ratio H'r emu 1 ) 
of 71 : 20 in favour of ihc hydroxy-ring. The ratio is, therefore, 
appreciably higher than the 02 : ,‘5rt found for the diethyl derivatives. 
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This is in accordance with the view that the increase in the number 
of carbon atoms in the chain forming the #em-grouping increases 
the stability of a three -mem bored ring system formed by the 
other two valencies. Further and quite remarkable evidence was 
obtained on this point during these investigations, and this will 
form the subject of another communication in the near future. 

Experimental. 

Condensation of Di-u-propyl Ketone with Cyanoacetic Ester and 
Ammonia. Preparation of 
and -w-propyhjluki ric Acid . 

It was found that a considerable economy could be made in the 
proportion of cyanoacetic ester used in this condensation without 
any detriment to the yield of the imide. 

Five hundred e.c. of absolute alcohol, cooled in a very efficient 
freezing mixture, Mere saturated with ammonia and added to a 
mixture of 143 grams (1J mols.) of dipropyl ketone and ISO c.c. 
(If mols.) of cyanoacetic ester at O'. The solution, having been 
kept at room temperature for a fortnight, was diluted with 2 litres 
of water, extracted five times with ether, and a very small quantity 
of a substance insoluble both in water and ether removed bv 
liltration. From the ethereal solution, after Mashing with Mater, 
drying over calcium chloride, and removal of the ether through 
a fractionating column, 100 grams of unchanged ketone were 
recovered. The aqueous solution on acidification with hydrochloric 
acid deposited the imide in minute, colourless prisms, v.hieh were 
kept twenty-four hours before filtering. The yield Mas only 
30 grains, but from the mother-liquors on evaporation to dryness 
and extraction with Mater a further 2—3 grams Mere obtained. 

Thirty grams of this crude imide Mere hydrolysed by boiling 
with 800 c.c. of GO per cent, {by weight) sulphuric acid* for four 
hours (compare Guareschi. Oazztfta. 1919, 49. i. 124). The imide 
slowly passed into solution vith decomposition and frothing and 
evolution of carbon dioxide, and after one and a half hours the 
molten acid began to separate on the surface id the boiling mixture. 
Oil the completion of the reaction the whole was poured into a 
large volume of water, M'lien the acid Mas precipitated iii a colourless, 
pure, crystalline condition : the yield Mas 93T> per cent, of theory. 

[i [i-Di- « -propylgh t tarie acid is very sparingly soluble in ether or 
cold water, but dissolves readily in 3iot benzene and in boiling 
water, and separates from the latter solvent in lu>truus. white, 
pearly flakes which felt together. It melts at 114\V~ ll.V [Guareschi, 
1 <X- CI(.. gives 112—113 ) (Found: C^tilO; Ji _ y-4. Calc... 

^ = 61*1 ; H =- 0’3 per cent.). 
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The anhydride was prepared by boiling the acid under reflux fur 
three hours with excess of acetyl chloride. This was removed in a 
partial vacuum and the residue distilled under diminished pressure 1 , 
It boiled at 173 — 174°/12 mm. and when cooled solidified in large 
fern-like, colourless crystals melting at 24 — 25°. It is very stable 
apparently more so than the anhydrides of dimethyl- and trimethvl- 
glutaric acids, and is only reconverted to the acid by boiling with 
water for several hours (Found : C — 66‘3 ; H = 9*2. C^ll^O^ 
requires C — 66*6 ; H -= 9*2 per cent.). 

The anilic arid, prepared by mixing cold benzene solutions of the 
anhydride and aniline, and crystallising the precipitated product 
from 84 per cent, alcohol, forms colourless, stumpy, prismatic 
crystals which melt at 100 — 191° (Found: 0 — 70*0; H — ST. 
C' 17 H 2i U 3 N requires 0 — 70*0; 11 — 87 per cent.). 

Dibromi nation of $[i- 1) i-n -p ropylyl utaric Acid . 

tux -Dibromo-[i{i-di-n-p ropy l yluhir i c Acid . — 2141 (Jrams of the arid 
were treated with 417 grams of phosphorus pcntaehloride (2 mots.) 
and warmed on the steam-bath until evolution of hydrogen chloride 
ceased (one-half to three-quarters of an hour). To this liquid, 
13*3 c.c. of bromine (2'4 mols.) were added in small quantities 
during three hours, and the mixture was kept on the steam-bath 
for fifteen hours. The product was poured into 150 c.c. of well- 
cooled absolute alcohol, and after being kept for twenty-four hours 
was treated with water and the precipitated oil extracted with 
ether. The ethereal solution was washed with dilute sodium 
carbonate to remove the traces of acidic products present and dried 
over fused calcium chloride. On removing the ether, the crude 
dibromo-cstcr remained as a golden -yellow oil of about 80 per 
cent, purity, which could not be further purified, as it readily 
decomposed into its bromo-lactonc on distillation under diminished 
pressure (Found: Br — 329. 0 15 H 26 O 4 Br 2 requires Br H?1 

per cent.). 

Lactone of Ethyl Hydrogen %-ttromo- % -hydroxy- ‘ft-di itruinflffiiii- 
arate (IX).— The production of this substance in an almost ijuanti- 
tative yield by the distillation under reduced pressure of the 
crude dibromo-ester establishes the constitution of the latter. 
The hromo-lactonic ester is a colourless, exceedingly viscous oil 
which shows no tendency to crystallise, and is presumably a 
mixture of the cis- and /mus-modifications. It boils at 190— 
191715 mm. (Found: C^4S*9; H -- G‘8 ; Br - 25 ( 1 , 24 9. 
('i 3 H 2 i0 4 Br requires (• — 484) ; H - (V(i; Br — 24‘9 per cent.). 

Acid Ester . — The sodium carbonate washings from the neutral 
ester, when acidified and extracted with ether, yielded a VL ‘0 
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small quantity of the monobromo-acid ester : much larger quantities 
were obtained when thionyl chloride was substituted for phosphorus 
pentachloride. It could not be distilled without decomposition 
and the crude liquid was analysed after keeping in a vacuum over 
potash for some days (Found : ISr 24-8. C^H^Br requires 
J3r — 24*7 per cent.). 

M-Dibrom-W-di-n-propt/lglularic Acid (X).— The crude di- 
hrominalion product, prepared as before, was poured into anhydrous 
formic acid instead of into alcohol, and the solution was wanned 
on the steam-bath until all effervescence ceased (two hours), 
and allowed to evaporate spontaneously at the ordinary tem- 
perature, After three days, the semi-solid precipitate was separated 
and the gummy contamination removed from it by washing with a 
small quantity of a mixture of chloroform and petrol (b. p. 40— 60') 
The remaining brown, granular solid was purilied bv alternate 
crystallisation from benzene and washing with a chloroform- light 
petroleum mixture. The pure acid is almost insoluble in cold 
benzene and crystallises in small, dense, colourless prisms, which 
soften at 14.V and melt with decomposition at about loo' (Found : 
(J — 3.V2 ; H — 4 9. CnHjjOjBr,, requires 0-35*3; H = 4 0 
per cent.). 

lactone of a-Bromo-z.hjdrox\j.'^.diat.proppUjhitaric Acid (XI).— 
The dibromo-acid was readily converted into the bromo-lactonie 
acid by lass of hydrogen bromide. The acid was dissolved in 
glacial acetic acid and warmed for a few minutes. The addition 
of water precipitated an oil which solidified on keeping; it was 
drained on porous plate and crystallised from benzene, when it 
formed small, colourless prisms melting at 135— 130= (Found : 
hr — 27 3. I nHj-O^Br requires Br — 27*3 per cent.). 


Hgdrolysk of the Bromo-lactonie E*tir (IX). Formation of z-A'tfo 
di-n-propglglutaric Acid (XII) and 3 : 3-Iti-n-propy/eyelo 
propanA-ol-l : --dicnrbo.njlk Add (XII I). 

The hydrolysis of the bromo-lactonie ester was carried out unde 
different conditions, the strength of the potash being varied frou 
P° r an ^ duration of heating from two minute 
to half an hour. Thu products of the reaction were mainly th. 
open-cham keto-ai-icl together with a small quantity of the isomer* 
) roxj-ring acid and tracts of oxalic acid, the proportion of thi 
of pot^h^ 01111 ^ SligHtly g,Tat ° r with lhe hi ^cr concentration 

M<l (XII)— The crude keto-acir 
7 V , f ° ll °" S in “ n S " l Kr «-nl. yield together will 
" u * lL> dio.\\ -acid, 1'ivc grainy of the bromo-lactonii 
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ester were added as rapidly as possible to a boiling 43 per cent, 
aqueous potash solution (15 grams of KOH in 20 c.c. of water) 
and the heating was continued for two minutes. The solution was 
diluted, extracted with ether to ensure the purity of the product 
acidified with hydrochloric acid, and cooled to 0°, when a small 
quantity (0*2 to 0‘3 gram) of the hydroxy-ring acid was precipi. 
tated. The ethereal extract of the filtered solution, after drying 
over sodium sulphate and removal of the solvent, left 2 0 grams 
of an oil which became solid in the course of two days. It was 
drained from adherent oil on unglazed tile and crystallised from 
hot benzene, when 1*4 grams of the pure keto-acid were obtained. 

ct-Ke.to-$$-di-n-propylglutaric acid is very soluble in hot benzene 
and separates slowly on cooling in small, prismatic crystals which 
arc very dense and hard and melt at 104 — 104*5°. It is onlv 
sparingly soluble in light petroleum, but dissolves readily in ether, 
acetone, or water (Found: C = 57*25; H = 7‘9; equivalent, by 
titration with baryta, =114*4. C n H 18 0 6 requires C = .57*35; 
H = 7‘9 per cent. ; equivalent = 115). 

Its semicarbazone is precipitated when warm aqueous solutions 
of the acid, semiearbazide hydrochloride, and sodium acetate, are 
mixed, and after reerystallisation from dilute alcohol melts at 184 s . 
The acid can be quantitatively regenerated from it by very careful 
treatment with warm dilute hydrochloric acid or by boiling with 
20 per cent, oxalic acid for three-quarters of an hour (Found: 
X = 14*8. C 12 H 21 05 X 3 requires X = 14 (i per cent.). 

3 : Z-Di-n-jyropylcycloprojxin-l -ol-l : 2 -dicarboxylic Acid (XIII). — 
This was obtained in small quantity when the bromo-lactonic ester 
was hydrolysed w ith 04 or 80 per cent, aqueous potash, and was also 
produced by the action of methyl alcoholic potash (30 per cent.) 
on the dibromo-cster, but it was best prepared from the kctoacid 
by prolonged boiling with 00 per cent, potash (see below). It is 
sparingly soluble in boiling water and insoluble in cold water, dry 
ether, or hot benzene, but dissolves in acetone. It crystallises 
from a large volume of water (1 gram of acid in 100 c.c. of water) 
in colourless plates having a pearly lustre, and melts at 214\ Its 
ammonium salt is decomposed by boiling with water [Found: 
C = 57*2; H = 74); M (dibasic) by titration = 235. t-nH 18 0j 
requires C — 57*35; H --- 7 0 per cent. ; M ----- 230J, 

Just as in the eases of the analogous hydroxy-ring acids from 
diethylglutaric aeid (T\, 1022, 121, 1440) and o/dohexanc-1 : 1* 
diaeetic aeid (T., 1015, 107, luSO), and indeed cydoprupaiiol-l : 2- 
dicarboxylic acid itself (T\, 1021, 119, 305), this acid has so far 
resisted all attempts to acetylate it, and in particular was recovered 
unchanged after several hours' heating at 100' with acetyl chloride. 
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Equilibria™ Mixture.— A tautomeric equilibrium between the 
salts of the keto- and hydroxy-acids is very slowly attained in the 
presence of 60 per cent, aqueous potash, and more rapidly, although 
with much decomposition, with 77 per cent, potash. In the latter 
case, the potassium salts of the acids separate as an oil on the 
surface of the boiling potash, and therefore a true equilibrium 
determined by the relative stability of the keto- and hydroxy- 
forms is not established, and the ratio of these two isomer ides in 
the product, which contains approximately 50 per cent, of each, 
is governed by the solubilities of their respective potassium salts. 
Consequently, the tautomeric change had to be effected in 60 per 
cent, potash. 

Either of the pure acids was boiled under reilux with a huge 
excess of 60 per cent, aqueous potash for different periods of time 
varying from fifteen minutes to six hours. The hydroxy-ring 
acid which was quantitatively precipitated from the diluted 
solution on acidification and cooling to 0\ was collected, dried, 
and weighed. The kcto-acid was recovered from the filtrate by 
six extractions with ether, the crystalline solid left oil evaporation 
of this solvent dissolved in a little water and treated with a slight 
excess of an aqueous solution of semiearbazide hydrochloride and 
sodium acetate, and the precipitated semiearbazone collected, 
dried, and weighed. The following table and the graph show that 
the equilibrium between the potassium salts of the two acids is 
established only after about four and a quarter hours’ boiling, 
but that further heating has no effect on it, and that the same 
final mixture, containing approximately 20 per cent, of the keto- 
form, is reached from either side. The reaction is a truly imimolc- 
cular one, as the time-log. concentration curve plotted from these 
figures is approximately linear. 

Hydroxy-ring Acid : 
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By Harry Baines and John Edmund Driver. 


This investigation arose out of an attempt to elucidate the median* 
ism of the Reimer-Tiemann reaction. It was thought possible 
that during the action of chloroform or carbon tetrachloride on 
alkaline solutions of phenol w-chloroanisoles are formed as inter- 
mediate products, and in attempts to isolate them dry sodium 
phenuxide was subjected to the action of chloroform or carbon 
tetrachloride. Owing to the nature of the results of preliminary 
experiments, the action of chloroform and of carbon tetrachloride 
on various metallic derivatives of phenols and naphthols was studied. 

This communication deals with the action of carbon tetrachloride 
on derivatives of phenol and of the cresols. From phenol, aurinis 
produced, whilst o- and ?«- cresols yield the corresponding tri- 
methylaurins (I and II), the carbon tetrachloride providing the 
nuclear carbon atom; for example, 

3C 6 H 5 *OK + CC1 4 -> CC1(C 6 H 4 ‘0H) 3 OICeU^XC^OH), 
The velocity of the reaction was found to depend largely on the 
temperature, and, in the case of phenol, on the nature of the metallic 
derivative employed. 

The 2:2': 2"- and 3 : 3' : 3"-trimethylaurins have not been 
previously described. They are red, crystalline compounds, very 
similar to aurin itself. 2:2': 2 " -Trim ethyl a ur in gives a compound 
(HI) similar to aniline-blue when heated with aniline and acetic 
acid, but no such derivative could be prepared from o : 3' : 3' • 
trimethylaurin, probably owing to the effect of Meric hindrance 
produced by the methyl groups on the adjacent hydroxyl group. 


Me 

\ Me 
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_Mc 
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'~Mo 

A’ A ' A " * r i ’ ripheriv 1 - 2 : 2' : 2"tnmethy]pamrosaiiilino (HI.) 

In the cast of p-eresol, no trimethylauriu was produced. A 
pp krcsolaurin ” lias been described by Nencki (J. pr. Client., 
1882, [ii], 25, 275), but on repeating Xeneki’s experiments a product 
was obtained quite different in properties from that described by 
him. Indeed, the existence of a compound of the aurin type derived 
from p-cresol seems highly improbable, since the para -position to 
the hydroxyl group is already occupied, and therefore such a deriv- 
ative could not have a para-quimmoid structure. 

The earlier investigators (Dale and Sehorlemmer, this Journal, 
1871, 24, 466, et scq . ; Kopfer, ibid., 1876, i, 660; Erhart, Arch . 
Pham., 1876, [iii], 8, 481 ; Zulkowski, Ikr., 1878, 11, 39J ; Gukas- 
sianz, ibid., p. 1179) obtained widely differing results in the analysis 
of aurin, the values recorded for carbon varying between 61 and 80 
per cent. This was apparently largely due to the tenacity with 
which crystalline aurin retains water and acetic acid. The results 
recorded in the present paper for the analysis of aurin and of the 
trimethylaurins were obtained with samples dried at 150 — 160° 
during many hours (compare Dale and .Sehorlemmer, this Journal, 
1873, 26, 434 ; and Kopfer, loc, cit.). 

Carbon tetrachloride has previously been employed in the 
synthesis of triphcnyl methane and some of its derivatives (Friedel 
and Crafts, Conipt, raid., i 877, 84, 1453 ; E. and 0. Fischer, Annalen, 
1878, 194, 254 ; Gomberg, ikr., 19(H>. 33, 3144; Hcumanu, D.R.-P, 
68976, Frdl., III. 103). In all these eases, the Fricdel-CTafts* 
method, ora modification of it, was employed, aluminium chloride 
or zinc chloride being used as a condensing agent. 

The action of chloroform and of carbon tetrachloride on other 
nctallic derivatives of phenols and naphthols is at present under 
west i gat ion, and interesting results have already been obtained. 

K X I* K K I M K X T A L. 

Potassium phenoxidc was prepared by mixing aqueous solutions 
af phenol and potassium hydroxide in molecular proportions and 
evaporating to dryness, cure being taken not to allow’ the tempera* 
^ re to rise above 170°. Sodium and calcium phenoxides were 
Prepared in a similar manner. The potassium tolyioxidea could 
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not be obtained pui'o by this method, since at the temperature 
required for the complete removal of the water, some decomposition 
of the tolyloxides took place. They wero therefore made by mixing 
alcoholic solutions of potassium hydroxide and the required cresol 
in molecular proportions and evaporating off the alcohol at 110° 
under diminished pressure, fn this way, the tolylo sides were 
obtained in colourless, deliquescent crystals, which could be heated 
at 140° without decomposition. 

Action 0 } Carbon Tetrachloride on Potassium Phenoxide . — When 
dry potassium phenoxide was boiled with excess of oarhon tetra- 
chloride during eight hours, although the solution turned a deep 
red, there was very little reaction. This was also the case when 
experiments were conducted during times varying from eight to 
thirty-six hours, pyridine or finely divided copper being used a& 
catalyst. 

Potassium phenoxide heated at 170° in a stream of carbon tetra- 
chloride vapour during three to four hours gave a dark-coloured 
product, which, when extracted several times with carbon tetra- 
chloride, yielded some phenol. The dark residue, when treated 
with water, dissolved, forming a deep red solution containing a 
considerable amount of potassium chloride. O 11 diluting and 
acidifying with hydrochloric acid, a bulky, orange precipitate 
formed and more phenol was liberated. After removing the phenol 
by steam distillation, the orange solid was collected, washed, and 
dried. The product was a brick-red powder, which separated from 
a mixture of alcohol and glacial acetic acid in small crystals with a 
beetle-green lustre, and crystallised well in tine, red needles from brine 
acidified with hydrochloric acid. It was identified as aurin by its 
physical and chemical properties, including the study of its absorp- 
tion spectrum in alkaline solution, and by the preparation of AAA"- 
triphenylpararosaniline by heating it with aniline and glacial acetic 
acid {Found : C ~ 78*60 ; H — 4 66, Calc., C — 78*61 ; H - 4*S3 
per cent.). Eighteen grams of potassium phenoxide yielded 5*6 
grams of aurin. Since the aurin is produced in the form of its 
potassium derivative and a considerable amount of free phenol is 
formed, the reaction probably takes place as follows : 

«0,H S -OK -i- CC1, -- (K0C,H,),W»H,:0 f 30,11, -OH Ml 

Calculated from this equation, the yield of aurin is 75 per cent, d 
the theoretical. An attempt was made to prevent the formation 
of phenol, and thus to increase the yield of aurin, by using an 
intimate mixture of potassium hydroxide and potassium phenoxide 
iu molecular proportions, in this ease, only a trace of aurm 
formed, the product consisting mainly of unchanged iiotassjuiu 
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hydroxide and potassium phenoxide together with some potassium 
chloride and potassium carbonate. 

Action of Carbon Tetrachloride on Sodium and Calcium Phenoxides. 
—With sodium or calcium phenoxide, as with potassium phenoxide, 
very little reaction took place at the boiling point of carbon tetra- 
chloride, even when pyridine or finely divided copper was used as 
catalyst- By the action of carbon tetrachloride vapour on sodium 
nr calcium phenoxide at 170—190°, aurin was produced, but the 
reaction was very slow, as the* following comparative yields indicate : 

Time four hours. 

Potassium phenoxiih 
Sodium „ 

Calcium ,, 

3 : 3' ; 3"- Trimethjlmiri n (Formula I). Carbon tetrachloride 

vapour was passed over potassium o-tolvloxide, heated at 110° 
durin" five hours, and the product was isolated as in the case of 
aurin- It was a brick-red powder sparingly soluble in water, the 
aqueous solution being pale yellow. It dissolved readily in alkalis, 
forming a deep red solution, and separated as a flocculent, orange 
precipitate on acidifying with hydrochloric acid. It dissolved 
readily in glacial acetic acid and in alcohol, but was crystallised 
with difficulty from these solvents. It was purified by recrystalli* 
Ration from 10 per cent, hydrochloric acid, being obtained in tufts 
of fine, led needles (Found: U 79*02; H - Oil. C 22 H 20 t) 3 
requires C *■' 79*50; H 0*03 percent.). 

2 : T : T' -Trimethylanrin (Formula H). --This compound was 
obtained by the action of carbon tetrachloride vapour on potassium 
(fl-tolykixide at 1 10 r . it was a red powder, sparingly soluble in 
water, forming a pale pink solution, and readily soluble in alcohol 
and in glacial acetic acid. It dissolved freely in alkalis, forming 
a deep red solution, but a dilute alkaline solution appeared slightly 
purple when compared with alkaline solutions of aurin or of 
.1 :3' : 3"*trimethylaurin of similar strength. It was purified by 
crystallisation from 10 per cent, hydrochloric acid, being thus 
obtained in small, red needles (Found: ( ’ — 79*12 : H - 0*09, 
requires O — 79*50; H - 0*03 per cent.). The compound 
resembled aurin very closely in physical and chemical properties, 
Tints, by treating a solution of it in glacial acetic acid with a slight 
wcess of bromine, a bromo -derivative was obtained which dissolved 
m alkalis, forming a deep violet solution. 

SS'S" -Tri phenyl-2 : 2' : '2"-inn\fthyl]xmiro-<anilinr (Formula 
Hi) —2 : 2' : 2"-Trimethy!aurin (1 gram) was boiled with aniline 
(5 grams) and glacial acetic acid (2 grains) during forty-eight hours. 


Yield of aurin per 100 grams of phenol. 
40 grains 
0 „ 

3 „ 
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The blue liquid was poured into sodium hydroxide solution, and 
after boiling for one hour the excess of aniline was separated by 
distillation in a current of steam. The almost black solid was 
filtered off and washed well with boiling water to remove anv 
unchanged acetanilide. The compound is insoluble in water, but 
dissolves readily in alcohol, from which it separates by evaporation 
in the cold in very small, dark blue crystals. The hot alcoholic 
solution is of a deep claret colour, but, on cooling, the colour changes 
to a pure deep blue. The base is somewhat soluble in hydrochloric 
and in sulphuric acids, forming deep blue salts. After drying the 
compound at 120°, the nitrogen was estimated by the Kjddahl 
method (Found: N — 7*41. C' w )I 37 ON 3 requires X - 7*30 per 
cent.). 

Action of Carbon Tetrachloride, on Potassium \)-Tobjloxi(Jp.,~~ 
Potassium p-tolyloxide was heated at 1KP in a stream of carbon 
tetrachloride vapour, and the product isolated as before. It was a 
light grey, amorphous powder forming a slightly brown solution 
in aqueous sodium hydroxide. The substance is being further 
investigated with the view of establishing its constitution. 

Action of Formic Acid on p -Cresol in the Presence of Zinc Chloride.— 
This was a repetition of Xcneki's preparation of the so-called 
“ Ivresolaurin ” {loc. cit.). 

Pure p-c resol (20 grams) was heated with anhydrous formic acid 
(10 grams) and anhydrous zinc chloride (25 grams) at 105—110' 
during one hour. A viscous, blown syrup was obtained. The 
product, when isolated, was a light grey, amorphous powder similar 
to that obtained by the aetion of carbon tetrachloride on potassium 
p-tolvioxide, and, like the latter, it was soluble in aqueous potassium 
hydroxide, forming an exactly similar pale brown solution. Xcucki, 
however, describes “ Ivresolaurin ?> as a red, amorphous powder, 
insoluble in water but readily soluble in alkalis, giving a fuehsin-red 
solution. It seems probable that Xenekis product was simply tiif* 
‘substance described above mixed wiib aurins, which would have 
been formed if impure p-en^ol, containing plwnol and other civsok, 
had been used. 

The authors wish to express their thanks to Professor 1*. 8 
Kipping, F.R.8., for the kind interest be has taken in this reseaixi'. 
One of us (H. B.) is indebted to the .Department of Scientific and 
Industrial Research for a grant wbieh has enabled a pari of thi* 
work to be carried nut. 

t’NiVKCsnv rm.r.KM?, Xiyrnxmi.ui. Mwl 1 nl. 
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CXL. Some Factors Governing the Complete Sorption 
of Iodine by Carbon from Chloroform Solution . . 

By James Brierley Firth and Fred Siieasby Watson. 

In the majority of investigations on the sorption by carbon of a 
substance from solution the main object has been to determine the 
distribution of the solute between the carbon and the liquid solvent 
under conditions such that the solute is present throughout, in both 
the carbon and liquid solvent. 

In a previous investigation by one of us {Firth, Trans . Faraday 
.. Soc 1921, 16, 434), it was shown that, using *Y/I0-solutions of 
iodine in chloroform and benzene, the whole of the iodine was not 
sorbed by the carbon after a period of five years, even when the 
carbon used was as much as 8 grams per 100 c.c. of solution. 
It was shown that the concentration of the iodine in the liquid 
solvent diminished rapidly to a very low value in the case of active 
carbons such as lampblack, sugar carbon, and blood charcoal; 
after which the change in concentration was only very small, even over 
very long periods. In several cases, about 90 per cent, of the 
dissolved iodine was taken up by the carbon within twenty-four 
hours, using 4 grams of carbon per 100 e.c. of solution, yet in 
no case, even with carbon up to 8 grams per 100 e.c. of solution, 
was complete bleaching obtained. 

In the present investigation, the object was to determine some 
of the conditions fur the complete transference of the iodine from 
the chloroform solid ion to the sorbing carbon, that is, conditions 
for complete bleaching. 


E X l* K K I M E N T A L. 

The chloroform was dried fur several days over calcium chloride, 
then fractionated, the first and the la-t runnings being rejected, 
the carbon was sugar carbon as supplied by .Merck, and gave less 
than (H per cent, of ash. Solutions of pure rcsubliuicd iodine were 
prepared of strengths X! 1000 and X 100, and in certain cases X 10 
The carbon was finely pulverised, and activated as hereafter 
described. The approximate densities of the various specimens of 
hie carbon were determined by the water displacement method. 
‘ ex P (Tlf »ents were carried out at 18". The carbon was weighed 
outmto well-stoppered flasks of 50 c.c. rapacity, 25 e.c. of the iodine 
solution were rapidly added, and the contents shaken. After 
F l me intervals, the carbon was allowed to settle, the liquid 
I H * ui led off, and 10 c.e. of the solution were transferred to 
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a stoppered bottle and titrated with standard sodium thiosulphate- 
usually N /1000-thiosulphate was employed ; but in some cases it was 
necessary to use N /2000. The intervals of exposure of the carbon 
were gradually increased until a point was reached at which the 
whole of the iodine had been taken up by the carbon, that is, there 
was no detectable iodin’e in the chloroform. 

The results are expressed throughout in terms of 100 c.c. of 
solution ; m is the number of grams of carbon per 100 c.c. of solution ; 
x/m the number of grams of iodine per gram of carbon ; and a—x 
the final concentration of the solution in grams per 100 c.c. The 
results recorded in the present paper are typical, and indicate the 
fundamental points of some three hundred experiments. 

First Series . — The object of this series was to determine the time 
required for complete bleaching by carbons which had been subjected 
to various treatments, namely, 

(ft) The carbon as received was finely powdered and heated at 
100 5 for three hours. 

(6) The carbon as received was finely powdered, heated in a quartz 
flask at about fi00 3 in a vacuum for two hours, and allowed to cool 
in a vacuum. 

(c) The carbon as received was finely powdered, heated in a quartz 
flask at about 000° in a vacuum for two hours, and allowed to cool 
in a vacuum. 

{d) The carbon ( h), after treatment with incline solution, was 
collected and heated at a moderate temperature in an open dish 
until the whole of the iodine had been expelled. The carbon was 
then digested several times with alcoholic potash and repeatedly 
boiled with distilled water until the extract gave no opalescence with 
silver nitrate solution. It was then dried and heated in a vacuum 
at 000°, as in (/>}. 

The densities of the earl wins after the above treatment were 1 '(1.1 
1-64, 1*68, and l*7o, respectively. 

’ Results . — 


Carbon (o) 


w ~ 4, 

Iodine | Time 
solution \ ,, 

.V. IUOO. 


24 hours. 
If. flays. 


[ tu ~ 4 

Carbon (?>)-' 

I m - S 

Carbon (r) | m ~ 4 

Cirljon po{ m ~ 4 


I .V lotm 

iX Hitt 

\X. looo 
\ X . loo 
\ A'/Hhh* 
fX /l no 

\;V/ 100 O 


r : m O-OOl 17.” ; n — 5' ~ 0-008. 

F „ t r- (>*(?oir»"i; a — r ~ (eOOfif., 

Time required for 
romptete bleaching, 
lu days. 
f> hours. 

H days. 

Jltt mins. 

13.1 inins. 

;(0 sees. 

*1 hours. 

;}0 secs. 
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In the ease of carbon («), there appears to be no possibility of 
complete bleaching within a reasonable period. 

In all the preceding experiments where complete bleaching was 
obtained, the carbon containing the iodine was transferred to a 
small stoppered flask and pure chloroform added, and in no case 
was any iodine extracted by the chloroform even after a period of 
twenty-four hours. 

The relative activities of the four specimens of carbon used 
in the previous series were determined by treating I gram of 
the carbon with 25 e.c. of .V/10-iodine solution for twenty-four 
hours : 

(a) Original carbon as received, (6) Carbon heated in a vacuum 

heated at 100 . for 2 hours at 000 . 

xjm — 0*1016; a — x — O-StKJO. x.'ta -- 0*2016; a — ,c ■- 0- 22:10. 

(c) Carbon heated in a vacuum (</) Hoovered carbon from 

for 2 hours at 000 \ series (6). 

Xj'm = 0*2817; a — x -- 0*1-102, : ,n _ 0*2780; <i — x - 0*1. 34-1. 

Second Series. — In this series of experiments the carbon w as treated 
with iodine solutions for a definite period, during which it sorbed 
iodine from solution. The solution was then filtered off and the 
carbon rapidly transferred to a stoppered flask. The amount of 
iodine left in solution was estimated; and from tiiis value the (quantity 
of iodine in the carbon was calculated. The carbon containing 
the iodine was treated with pure solvent in the proportion of 15 c.e. 
of solvent to 1 gram of carbon, and the iodine in the solution again 
estimated after a definite period. The carbon was again treated 
with pure solvent and the iodine in the solution again estimated* 
These operations were repeated until no further iodine passed from 
the carbon to the chloroform. 

The solutions were filtered through a thin pad of specially 
prepared asbestos, and a number of blank experiments showed that 
no appreciable quantity of iodine was retained by the asbestos 
under the conditions of the experiment. The treatment with 
pure solvent was generally for twenty-four hours; treatment for 
on ger periods did not materially increase the amount of iodine 
extracted, hence equilibrium had been established within iv.ent v-four 
hours. 

Results . — 

hi experiments 1 4, the carbon used had been prepared as in 

o the first series, and that used in experiment 5 prepared as in 
M of the first series. 

T T* 
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xlm when no 

xfm before detectable Total numljor 
treatment • iodine is of treat moots 
with pure removed by with pure 
Treatment of carbon. solvent. solvent. solvent. 

1. ^/10-Iodine solution for \ 0*2()I4 0-2552 H 

24 hours, m — 4. I 

2. A T /100-Iodine solution for \ 0 . 0308 0-02900 (j 

6 days, m = 4. J 

3. N / 100 -Iodine solution for \ 0 015S 0-01517 l» 

7 days, m — 8. ,1 

4. A/50-Iodino solution for \ 0-0597 0-0588 2 

4 hours, m = 4. I 

5. Nl 10-Iodine solution for \ 0*2810 U-2U91 S 

24 hours, m = 4. f 

The above results indicate that the amount of iodine which can 
be retained by the carbon in contact with pure solvent is determined 
by the conditions under which the iodine was originally sorbed. 
For example, in experiment 1 the carbon retained 25 per cent, of its 
weight of iodine in contact with pure solvent, whereas in experiment 
2, although the original iodine content was only 3 per cent., iodine 
was given up on treatment with pure solvent. The main difference 
between the two experiments was simply the concentration of the 
solution from which the iodine was originally sorbed. These results 
cannot be adequately explained on the assumption that iodine 
alone is sorbed ; the liquid solvent also is sorbed. The amount of 
liquid solvent sorbed is probably very small in the more concentrated 
solutions, but relatively great in weak solutions. 

Summary. 

1. Four grams of a highly active sugar carbon will bleach KX) c.c. 
of A T / 100-iodine solution in a few minutes, whilst .Y/JOOO-iodine 
solution is bleached immediately. The bleaching in these cases 
is the result of adsorption. 

2. A moderately active carbon requires several days for complete 
bleaching, which is therefore the combined result of both adsorption 
and absorption. 

3. The amount of iodine which can be retained by the carbon in 
contact with pure solvent varies with the concentration of the 
solution from which the iodine was originally sorbed, and appears 
to be approximately proportional to it. 

4. Carbon recovered from previous experiments showed marked 
increase in activity when freed from iodine. 

5. Both solvent and solute are sorbed by the carbon, the relative 
proportions being mainly determined by the concentration of the 
iodine solution. 

[/frrritcd, JfiHit'iry loth, 1923.] 


University College, Nottingham. 
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CXLI Change of Properties of Substances on Drying. 
Pari II. 

By Herbert Bre reton Baker. 

A year ago, an account was given of the change of properties 
exhibited by many substances after drying by phosphoric oxide 
for nine or ten years (T., 1922, 121, 568). In most of the experi- 
ments described below, I had the advantage of the co-operation 
of Prof. A. tSmils of Amsterdam, who spent a fortnight in my 
laboratory in December last, repeating former determinations and 
aiding me in making new ones. 

Bailing Point— A puzzling feature of the experiments described 
last year was that whilst a thermometer immersed in the dried 
liquid indicated a boiling point of 14 to 02 degrees higher than 
the normal, a thermometer hanging in the vapour showed at most 
one or two degrees rise above the normal boiling point. This 
discrepancy can now be explained, In the earlier experiments, 
the determination was stopped as soon as an apparently stead v 
condition had been attained. This was done in order to conserve 
these practically irreplaceable liquids, in order to sec if any further 
change takes place with further drying. At Prof. Smits’s instig- 
ation, I resolved to sacrifice one of the small flasks of dried benzene, 
in order to try to elucidate the difficulty. The flask had been set 
drying in 1 1)13 by Mr. 0. E. Sladden. 

The neck of the flask was closed by a paraffined cork, through 
which the thermometer passed, instead of being drawn out and 
sealed as in the other experiments. There were about 15 c.c. of 
the dried liquid in the flask. The tip of the delivery tube was 
broken under dried mercury, and the temperature of the oil-bath 
slowly raised to JO.r 'without any ebullition taking place. The 
thermometer in the vapour, when evaporation through the mcrcurv 
was readily apparent, indicated a temperature of Sl : (1° only above 
the normal boiling point), but as the evaporation proceeded the 
temperature rose to ST' , just before the last portion of the liquid 
bad disappeared. This seems to indicate that a true fractional 
distillation was taking place, tin* nnn-assoeiated liquid coming off 
in the earlier st acres. 

Milling Points, {he melting point of dried sulphur civen in 
n.y former paper was 117-5=. Prof. Smits redetermined this, and 
found a melting point range of 1 Hi'S -1 ls\V. 

The melting point of hromiin-, dm,l since 191.1 (toiling point 
) 5 was found to be - 4*5 ; that of bromine purified in the same 

a y an ried by only a few days’ contact with phosphoric oxide 
foun <l to bo - 7 (toiling point S9 : ). ' ' 

T T* 2 
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Sulphur Trioxide , — There was in the laboratory a tube, shown 
at the meeting of the British Association in 1804, containing dried 
sulphur trioxide and copper oxide, which were found not to react 
when moisture was removed. The part of the tube containing 
phosphoric oxide had been sealed off, probably in 1912. It jg 
unlikely that the inert copper oxide could have influenced ih e 
melting point of the sulphur trioxide, which was found to he 61\r, 
A determination with sulphur trioxide which had been drying 
a short time only gave a melting point of 50°. The dried sulphur 
trioxide changed on melting into the edification, the melting 
point of which was found to be 15*5\ compared with 14 J . In ail 
attempt to get back to the a- modification rapidly, the tube wn., 
immersed in liquid air, but a crack develop'd at the seal, so that 
further determinations could not be made. 

Benzene . — The melting point of liquid dried for ten years was 
found to be 6’0°. The melting point of the same benzene which 
had been dried for a month only by phosphoric oxide and then 
distilled was found to be 5*4°. 

Vapour Densities . — It has been possible to make only two deter- 
minations as yet of the vapour density of tile long-dried liquids, 
by reason of the fact that the liquids must be sealed off in bulbs 
without contact with air, and it chanced that the apparatus in 
two cases only was provided with bulbs on the delivery tubes. These 
were ether which had been dried since 1013 and had a boiling point 
of 83 d , and methyl alcohol, dried for the same length of time, which 
had a boiling point of 120°. The apparatus used was the modified 
Victor Meyer apparatus described in a former paper (1\, 1900, 77. 
647}. The vapour density of the ether was 817, instead of 
the normal 37. Methyl alcohol, dried since 1913, gave a vapour 
density of 45, instead of the normal 16, the molecular weight 
indicated being nearly three times the normal figure. 

Summary. 

1. A definite fractional distillation of dried benzene has been 
effected, the highest temperature of the vapour observed being S7 V . 

2. The melting point* of sulphur trioxide (dried for twenty year?)- 

bromine (dried for ten years), and benzene (dried for ten year>J ; 
have been found to be 6b, 4\V, and 6 , respectively. 

3. The vapour density of ether (dried for ten years) has been 
found to be 8b7, more than double the normal, and of methyl 
alcohol, dried for the same length of time, to be 45, compared with 
the normal 15. 

Imperial College ok Science and Technology, 

S.VV. 7. [Received, May 3rd, 19&] 
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(JXLII . — The Molecular Refractions of Chloro 
Dichloro and Ohlorobromo-ucetates. 

By Paule La ire Va n derstich eee . 

Phe molecular refractions of a number of chlorine and bromine 
•ompounds have been determined by different investigators. The 
domic ref raetivi ties of chlorine ami bromine in these substances 
re only approximately constant, the variations observed betraying 
lie effect, on the refractive power of the halogen atom, of the 
molecular structure in which it occurs. The determination of the 
nolecular refractions of a systematised group of chlorine and 
iromine compounds is described below, and an attempt is made to 
race possible constitutive influences in connexion with the halogen 
.•atnes. The use of ap-dichlorovinyl ethyl ether for the production 
if chloro-, dichloro*, chlorohromo-acetates and the corresponding 
ncul chlorides (Crompton and Yanderstichele, T., 1020, 117, 001 ; 
Crompton and Triffitt, T., 1021, 119. 1S74) provided suitable 
material for this investigation. 

The substances dealt with were acetic, monochloro*, dichloro-, 
and chlorobromo- acetic acids, their chlorides, and their ethyl, 
phenyl, and p-tolyl esters. The molecular refractions of fifteen of 
these compounds were specially determined for the purpose. 
Eisenlohr’s values are used for acetic acid and ethyl acetate, and 
Briihi’s values for acetyl chloride, ethyl monochloroaeetatc. and 
ethyl diehloroacetate. The results obtained should : 

1. indicate the variations of the refract ivitios of chlorine and 

bromine, in compounds of analogous structure. 

2. illustrate the effect, on the molecular refraction, of the 

introduction of a second halogen atom in a molecule, when 
attached to the carbon to which the tirst halogen atom 
belongs. 

K X P K R I M E X T A L . 

Determination of the Density. — The densities were determined with 
a Ramsay pyk no meter. The quantities of pure material available 
were usually small, and the pyk nometers used had a capacity 
of about 3 c.e. All the densities are referred to that of water 
at 4°. 

Determination of the Refractive Index. — The refractive indices 
were determined by means of a Pulfrich refractometer. As the 
latter was fitted with a heating apparatus, readings could be takeu 
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at different temperatures. Tn the case of substances which arc solid 
at the ordinary temperature, the determinations were carried out 
for temperatures just above the melting point. Sodium light was 
employed in every case. 

Calculation of the Molecular Refraction . — The molecular refrac- 
tion was calculated according to the Lorentz-Lorenz formula 
The refractive indices having been determined for different tom. 
peratures over a range of about 6°, the corresponding values of the 
refractive index and the temperature were represented graphically 
Falk (</, Amer. Chem. Soc.> 1909, 31, S00) has shown that, over small 
ranges of temperature, the refractive index is a linear function of 
the temperature. The results obtained were in agreement with 
Falk's statement, and the value used for the calculation of the 
molecular refraction was found by interpolation for a suitable 
temperature. 

The densities were usually determined for at least three different 
temperatures and the density for the required temperature wag 
obtained from the curve connecting these values. 

As several of the substances examined were available in small 
quantities only, and some of them are, moreover, fairly hygro- 
scopic, their purification was somewhat troublesome. But, except 
in the case of chlorobromouectyl chloride, the values quoted for 
the molecular refractions are probably trustworthy to the first 
place of decimals. 

The molecular refraction calculated on the I Amu t -/.-Lorenz 
expression increases, according to Kykman, by about (Mint! for a 
rise of temperature of 1°. In order to reduce the results obtained 
to the same temperature, an appreciable correction of the values 
fur relatively high-melting solids would be necessary, 'fins cor- 
rection would not, however, exceed — 0147, the amount involved 
in the ease of monochloroaeet ic acid, and in most other cases would 
be considerably smaller. 

Methods of Preparation AJonoehlornaeetic acid, diehloroaoctio 
acid, and phenyl acetate wore purified from the eoumu-reial 
products; p-tolvl acetate was obtained by the action of acetyl 
chloride on p-eresol. The remaining compounds were pic paced 
from aji-dichlorovinvl ethyl ether (/or. cil.). 

The purity of the specimen used was indicated by the constancy 
of its melting or boiling point. Chlorobromoaeetyl chloride, the 
preparation of which is given below, was the only substance which 
could not be obtained in a trustworthy condition. 

Preparation of Chlorob romoaccti/l Chloride. — The requisite quantity 
of bromine was added to a^-dieblorovinyl ethyl ether (Crompton 
and Triilitt, lor. cit.) and the liquid allowed to stand out of contact. 
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with the air for several weeks. It was then submitted to fractional 
distillation. Ethyl bromide was collected below 50°. The rest 
of the mixture came over mainly between 132° and 165°, but no 
distinct boiling point was observed. After several fractionations, 
two distillates were isolated, the one boiling from 132° to 135 ° 
(uncorrected), the other from 135° to 139° (uncorrccted), which 
consisted very largely of ehlorobrornoacetyl chloride. The values 
obtained for the density and the refractive index of these two 
fractions were unsatisfactory and betrayed an appreciable difference 
of composition. 


Fraction 132— 135°. 

1 ° = 19°; d\' — 1 '9-102; i:\j - 1*5030; whence 29*252 
Fraction 1 35 — 1 39 °. 

t° — IS ; d\- — 1*9005; — 1*5000; whence ,, 28‘989. 

The fraction obtained for the range of temperatures 132—135° 
was distinctly the larger of the two, but it may have contained 
traces of aji-diehlorovinyl ethyl ether (b. p. 128' J ). The fraction 
1^3 139 may be mixed with a little ehlorobrornoacetyl bromide, 
as the value quoted for its molecular refraction seems to 
indicate the presence of some impurity of higher molecular weight 
Further purification of the small quantities of final product 
obtained was impossible, owing to the difficulty of handling this 
material. 

Preparation of Chlordromoat* tie .lc,V- Chlorol.romoaeetyl 
chloride was converted into chlorolinnnoaeitic acid bv addition of 
rater. The crude product obtained was purified bv fractional 
distillation. The main bulk of the liquid distilled from 2 i >7 to 
212 " (uncorrccted) and solidified on cooling. 

Chlorobromoacetic acid, which lias not previously l,«cii obtained 
m the solid state (Cecil and Steiner. Her.. I,s7.‘> 8 1174 fonr-ttf 
and Bruckner, Jhr., 1891, 24, 2990), forms coloiirkss' crystals, 
the mcltmg point, determined in the usual manner is 25 . but the 
.^fving point when the thermonu ter is immersed in the liquid 
767 mm U )<>l S W,tl1 S0,M ° ^h’eompnsition at 210 -212 (uiicorr.) 

The data obtained arc given in the table Mow. in which t is 
the temperature at which the density and the refractive index 

from d[. and™" Kl ’ aml thr ,nolmllar ^'fraction calculated 
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t. 

4- 

n,„ 

Monochloroacetic acid 

. . . (»5° 

1-3703 

1*4297 

Dicliloroacetic acid 

... 19 

1-6601 

1*4667 

Chlorobromoaeetie acid 

... 30-0 

1-9848 

1*5014 

Monochloroacetvl chloride 

... 20 

1*4177 

1 4535 

Dichloroacctyl chloride 

Ethyl ehlorobromoacetate 

... 10 

1-5315 

1-4638 

... 24 

1-5857 

1*4659 

Phenyl acetate 

... 20 

1-0777 

1*5088 

Phenyl monoehloroacetiUo 

... 44 

1-2202 

1*5140 

Phcnvl dich loro acetate 

... 52 

1-2907 

1-5103 

Phenyl chloro bromoac-H at e ... 

52 

1-5289 

1-5322 

p-Tolvl acetate 

... IT 

l 0512 

1*5020 

p-Tolvl monocliloroacetute ...... 

... 35 

1 1 840 

1-5150 

p-Tolyl dichloroacctatc 

... (54 

1 2381 

1-5027 

p*Tolyl chlorobromoncetule ... 

... 03 

1-4020 

1-5242 


[*hl 

I'm 

22*783 

25 - 7 ( 5 ] 
21*550 

26 - 53 !) 

35-lsa 

37-084 

42-111 

47 * 20 « 

«'»')• 574 
42-lTs 
40 ■!)!»$ 
•*2-251 
W-138 


The values for the molecular refractions, including those of arctic 
acid, acetyl chloride, ethyl acetate, ethyl moiioehloroacctatc, nnd 
ethyl dichloroacetatc, are arranged in the following table for pur. 
poses of comparison. Xo attempt was made to reduce these values 
to a standard temperature, as the eorrection to be applied is sonic, 
what indeterminate and would not in any ease essentially affect 
the conclusions given below. 

Chloro- 

Chloro- Dk-liloro- bromo* 
Acetyl. A, w-ety], A. acetyl. a. ncetvl. 

Calculated average differ- 


ences : 

Briihl and Conrady 4*047 4*917 2-020 

Kisrnlohr 4*807 4*807 * 2-S9H 

Acid 13-05 4-7.'.o 17-SOO 4-985 22-783 2-078 25-701 

Chloride 10*85 4-700 21-550 4-OSO 2(1-5:10 2*093 29-232 

Kthvl rater 22-38 4-530 20-01 5-270 32-lH 3-002 35-182 

Phenyl eatrr 37-084 4-427 42-111 5-185 47-200 3-278 50-574 

p-Tolyl osti-r 42-178 4-SlO 40-001 5-257 52-251 2-887 .15-138 


('nuch’sioHt*. 

Attention may be directed to the following points : 

1. The molecular refractions obtained for monochlurn*. diclilom-. 
•and ehlorobromo. acetyl chloride confirm the high value attributed 

by Lo Blanc {7. physikaf. Chnn., iSSt), 4, .Vi4). briihl {ibid., 1891. 
7, ITS), and Kisenlohr {ibid.. ItHO, 75. 5S5) to the refraetivity of 
the chlorine atom when combined with a carbonyl group. 

2. If we consider the mere use in the molecular refraction corre- 
sponding to the introduction of one atom of chlorine in the acetyl 
group {columns 2, 3. and 4 in the above table ; mean value of A 4*64.5}, 
we find that the (Cl) (ii) differences diverge from the mean value 
by not more than 4-7 per cent. 

3. If we consider the effect of the introduction of a second atom 
of halogen in the chloroacetyl group, on the molecular refraction 
of the compound (columns 4 — S: for ohloroacctyl -- dichlnroacetj! 
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and for chloroacetyl — > chlorobromoacctyl the moan values of A 
are 5*137 and 8*210 respectively), we find that the (Cl) — (H) differ- 
ences diverge from the mean value by not more than 3 0 per cent, 
and the (Br) — (H) differences by not more than 3*1 per cent, 
(omitting the doubtful value for chlorobromoacetyl chloride), 

4. If we compare the three above sets of increments with the 
values for (Cl) — (H) and (Hr) — (H ) deduced from the average atomic 
refract ivi ties calculated by fouradv and Kisenlohr, 


Ilriihl -Conrad j’ 
average value ... 

Eisenlohrs average 

value 

Mean increment 
observed 

E fleet produced 
by the introduc- 
tion of out- atom 
of chlorine in the 
acetyl group. 


Go 

■>•137 8-210 

Effect produced Effect produced 
by the introduo by the introduc- 
tion of a Mtnnd lion ot an atom 
atom of clilorine of bromine in 
in the acetyl the chlOroar-ctyl 
group. group. 


((’I) -(H). (Hr) (H). 

4 -<>4 7 7 -H7 fi 

4- SOT 


we find that the mean increase in refraction caused by the first atom 
of chlorine is distinctly smaller, and the mean increase in refraction 
caused by the second atom of halogen distinctly larger, than the 
values for (Cl) — (H) and (Br) - (II) deduced from the Briihl-Conrady 
and Eisenlohr averages. 

As far as this group of substances is concerned, the introduction 
of a second atom of halogen in the chloromcthyl group causes a 
measurable exaltation of the molecular refraction. 


I wish to express my thanks to Mr. II. Crompton, who suggested 
the subject of this work, and to whom 1 am indebted for much 
direction and advice. 

Bedford Cojxeuk. -I Fthrunru 1 <W, ( 1923. ] 


CXLIII . — The Velocity of Reaction in Mixed Solvents. 
Part V . a. The Velocity of Formation of Quatern- 
ary Ammonium Salt*, b. The Study of an Intra- 
molecular Change. 

By John Dexter, Hamilton McCombie. and Harold Archibald 

SCAKBOROCGH. 

Ix former communications (T.. 1921. 119. 970 it scq.). the velocity 
of saponification of certain ethyl esters of monocar boxy lie acids 
by a number of bases and at three temperatures lias been recorded. 
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A consideration of the results and of the curves showing the relation 
between the velocity coefficient, k, and the percentage composition 
by weight of the ethyl alcohol-water mixtures seems to show that 
the form of the curve is dependent on the power of the two solvents 
to form complexes. Further, it was found that that section of the 
curve between any two discontinuities approached very closely to a 
straight line ; and finally it appeared probable that a discontinuity 
in the curve became more or less pronounced as the power of the 
solvent complex to form a further complex with one of the reactants 
increased or decreased. 

A series of deductions drawn from a study of a single type of 
reaction, even if this reaction is studied with a full consideration of 
each possible variant, forms an inadequate basis on which to build a 
working hypothesis. 

It seemed desirable to extend the investigation in three ways : 

(а) To select a reaction which is bimolecular, but which proceeds 
more rapidly in water than in alcohol, and is chemically different 
from the type of reaction already studied. 

These requirements seem to be satisfied in the addition of pyridine 
to bromoaeetic ester; a reaction formerly studied by Clarke (T., 
1910, 97, 416). 

(б) To select a bimolecular reaction similar in type to that chosen 
to meet the requirements of (a) and to change the solvents in such 
a way that the probability of complex formation" is appreciably 
reduced. 

The reaction between trimethylamine and p-nitrobenzyl chloride 
in benzene-nitrobenzene mixtures as solvent seemed suitable. This 
reaction has been studied by von Halban (Z. jjhysikuL Chew., 1913, 
84, 129). 

(c) To select a tnonomolecular reaction proceeding more rapidly 
in water than in alcohol. This object was not attained, but a 
reaction studied by Dimroth (Anmib 1901, 335, 1), the tautomeric 
change of methyl o-Imlroxy-L-phenyM : 2 : 3-triazole-4-earboxylate 
into methyl l-phenyl-o-lriazolune-l-earhoxylate, which proceeds 
faster in alcoholic solution than in aqueous solution, seemed a suit- 
able substitute. 

(a) Thfi Formation of QmUrmnj Ammor<i>nn Compounds in 
Bin a ry S oj n nt din. 

The rate of formation of quaternary ammonium compounds has 
been studied by numerous investigators and whilst the nature of 
the base and of the halogcnutcd substance has been varied within 
very wide limits, and the solvent changed between such extremes 
as n-hexanc and nitrometlmne, in few eases has a single pair of 
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solvents been examined in more than one or two mixtures and at 
the most five. 

Ilemptinne (Z. physilcal. Cham., 1899, 28, 225) made a study of 
the addition of ethyl bromide and ethyl iodide to trimetliylamine 
in binary and ternary solvent media, but for any pair or trio of 
solvents the number of mixtures examined was limited to five. 
In this work, the relation between the value of k and the percentage 
composition of the solvent is assumed to be linear throughout and 
the percentage deviation is ascertained between the experimentally 
determined and the calculated values of a 50 per cent, mixture . The 
deviation found with a pair of solvents of the same chemical class is 
within the experimental error, but for a binary mixture composed 
of solvents of very different classes the deviation amounted to an 
average of more than 00 per cent. 

The first reaction to be studied was the addition of bromoacetic 
ester to pyridine in alcohol-water mixtures at 45°. The addition 
proceeds according to the equation 

+ CH.jBr-CUKt C i H 5 X<^ 2 ' C ° 2Efi 

and is stated to be bimolecular and irreversible. It was found, how- 
ever, that the reaction is not strictly bimolecular, as the value of k 
tends to increase slightly with the time and towards the completion 
of the reaction* rises very rapidly. The reaction probably consists 
in two simultaneous reactions, (a) the formation of the quaternary 
ammonium compound according to the equation given above, a 
reaction which, comparatively, proceeds at a high speed, and {b) 
the interaction between the bromoacetic oter and the alcohol and 
tin 1 water of the solvent medium according to the equations 

CH 2 Br*C0 2 Et j- 1U> - ~ OlhCH.yCOolh - HBr 
OiLBKUKt EtOll . - OKt-CHXUEt i HBr. 

reactions which are comparatively slow and the effect of which is 
scarcely appreciable until some 50 per cent, of the reaction is 
completed. 

The results are shown in Tables I and If and in Fig. 1. 

Ihe second example of the formation of a quaternary ammonium 
salt was the addition of jz-nitro benzyl chloride to trimetliylamine in 
^oheut mixtures of benzene and nitrobenzene at 3u ; . 

the addition proceeds according to the equation 

Sife) + No i -e ( u 1 -cH 2 ei - 

This reaction appears to be strictly bimolecular and proceeds to 
completion. The quaternary ammonium salt is comparatively 
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insoluble in the benzene-nitrobenzene mixtures, and if large con- 
centrations of the amine and of the chloride are used, the ammonium 
salt is precipitated and the constant tends to become very irregular; 
usually the constant is steady for a period, then follows a rapid fall 
and finally the constant tends to become steady once more. An 
attempt was made to use the concentrations of the reactants 
employed by von Halban (/or. r/f.), and this irregular behaviour 
of the constant was very noticeable if the reaction was allowed to 
proceed to about IK) per cent., of completion; consequently thr 
concent rat ions were maintained at a smaller value and all irregulm i- 
1 ies disappeared. As the values of k in the single solvents were verv 


Fro. 1. 

The a ‘1 Jit Ion of hronow>\lir M<r to p>(ri<1i)u. 

018 ’ 

014 ' 

f 010* 


i 

I 

j 


000 


fl-02 



low in comparison with those obtained by von Halban, the effect 
of the initial concentrations of the reactants was examined over a 
wide range, the upper limit being iixed so that the reaction mixture 
was homogeneous up to an SO per cent, conversion. Under these 
conditions, the reaction was found to be strictly bimolmilar and 
independent of the initial concentrations. 

The experimental results are shown in Tables IV and V ami in 

Fig. 2, 

A consideration of the results obtained for the velocity of addition 
of broraoacetic ester to pyridine in alcohol- water mixtures shows 
that we are dealing apparently with a reaction which is independent 
of the possible formation of alcohol water complexes. The curve 
shows that as the percentage of water in the solvent medium 
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increased the value of k rises smoothly and slowly until about 
40 per cent, of water is present ; after which the value of k rises 
sharply with the increase of the water content of the solvent. It 
is very noticeable that the marked discontinuities and sudden 
changes of direction in the curve observed in the case of the 
saponification of an ester by a strong base are absent, and the curve, 
by comparison, appears smooth and continuous. 

Attempts have been made to divide the curve into a series of 
linear sections ; the results are, however, unsatisfactory, since each 
section can be made to include a variable number of points without 

FlU. 2. 

Tin' addition of p-nUivbuizyi ddotidv to trinu tbylainin 1 . 

U-112 


U-084 


1 0-056 
£ 


0-028 


80 60 40 20 

Benzene per o nt. — > 

the difference between the observed and the calculated values of Jc 
being outside the experimental error. The relation between k 
and the composition of the solvent medium could not be expressed 
as a hyperbolic or logarithmic function. 

The physical projicrties of alcohol -water mixtures and the rate at 
which an ester is saponified by a strong base in alcohol-water 
mixtures have been considered to shuw the presence of alcohol- 
water complexes at 45\ Further, it will be shown that the rate 
of addition of ^i-nitro benzyl chloride to trimethyiaiuine in benzene- 
nitrobenzene mixtures seems to indicate the presence of solvent 
complexes. 

The continuous curve obtained for the addition of bromoacetit 
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ester to pyridine would seem impossible of explanation on th c 
assumption that the solvents do not form complexes or that thc type 
of chemical reaction studied is unsuitable. 

The study of thc influence of the base on thc velocity of saponifica- 
tion of an ester showed that the base could play a so far decisive 
role that certain complexes were apparent only with certain bases. 

A consideration of thc above facts would seem to indicate that a 
discontinuous curve is to be ascribed to a joint effect of base and 
solvent complex. Thc most feasible explanation of this joint action 
appears, to the authors, to be a union between the solvent complex 
and one of the reactants. Thus the continuous curve for the reaction 
between pyridine and bromoacetic ester would be explained on the 
assumption that there is no union between 011 c of the reactants and 
the solvent complex. 

The consideration of the results and curve obtained in the reaction 
between p-nitrobonzyl chloride and trimethylaminc indicates that 
the only possible division of thc curve is into three linear sections. 
This result was unexpected, and every means of confirming it have 
been taken ; eacli confirmatory measurement has only served to 
verify the initial conclusions. The points of intersection of the 
sections occur at 29 and 59 -1 per cent, of nitrobenzene and correspond 
to the complexes 4C 6 H 6 ,C G H 5 *X0 2 and 0 G H fi ,C c H 5 *NO 2 , respect- 
ively; such complexes would actually require the compositions 
28*4 and 61 per cent, of nitrobenzene, respectively. 

The physical properties of benzene -nitrobenzene mixtures seem 
to have undergone but little examination, and the only physical 
constant which appears to have been recorded is the freezing-point 
curve. This curve shows no evidence of complex formation, and 
thc only matter of interest is the fact that the eutectic point occurs 
at a composition of 48 7 molecules per cent., or 59'9 per cent, by 
weight of nitrobenzene. 

(h) The Tautomeric Chnivje of Mdktjl o-//ydrai*y-l-p/(^cyM : - : 3- 
iror.otc- \ -rarboxylnU . 

This tautomeric change lias been examined by Dimmih O'. O) 
in a number of solvents with the object <u verifying the theory that 
the velocity coefficient is a function of the solubility of the reactant 
or of the product in that particular solvent. The conversion was 
studied in alcohol -water mixtures at 30“. The reaction is repre- 
sented by the equation 

XTh XTh 

/\ . /\ 

x i /Oil ~ x ro 

N — C-C( Ole X — t li’Ct Ole 
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The reaction is monomolecular and reversible, although in alcohol 
the equilibrium position is represented by 300 : 1 : : keto : enol, 
and the corresponding ratio in water is 14 : 1. Thus the constant 
found had to be corrected for the reverse reaction. This correc- 
tion was made by determining the equilibrium position for selected 
alcohol-water mixtures. This reaction is of special interest, as the 
value of k is greater in alcohol than in water, the reverse of what 
is found in the case of the saponification of an ester. The results 
are shown in Tables VI and VII and in Fig. 3. 


0-01 -’4 \ 


0 ‘ 008 sj' 


0 0056 


00024 * 


The curve again shows similarities to those obtained in the 
saponification of an ester. Thus there is a marked change in direction 
at Sl*7, at 50*4, and at 31*4 per cent, of alcohol, compositions which 
seem to indicate the com [ilexes 5( , .,H -♦0H.3H £ 0, CoH 3 *0H ; 2H 2 0, and 
C 2 H 5 *0H,6H 2 0. The oomph \ < s represented hv the compositions 
312 and 31*4 per cent, of alcohol seem to be well established. The 
complex C 2 H 5 *0H.2II 2 0 has not been observed before; data pre- 
viously obtained indicated a complex dt’.JI r/OlTolhO. which has 
the composition GO *5 per cent. <4 alcohol. It lias been shown, how. 
ever, that the complex l*.,H 5 *OH. 211,0 lias been deduced from most 
ether physical measurements. 


Fro. 3. 


The intramolecular 



80 00 40 20 


.1 IfoJfl j'l.r o.n!. — - 



M-LVTHlt, JHCCXJMB1K, AM l) SOAKBOKOUU1E : 


ms 


Experimental. 

1. The Addition 0 } Bromoacetic Ester to Pyridine in Ethyl Alcohol- 
Water Mixtures at 45°. 

The bromoacetic ester was prepared from, acetic acid by the usual 
method and purified by repeated fractional distillations; the 
fraction boiling at 159° was retained and distilled under reduced 
pressure. The pyridine (Kahlbaum) was distilled and the fraction 
boiling at 116° retained. The ethyl alcohol-water mixtures were 
prepared in the manner previously described. 

The progress of the reaction was followed by titration with silver 
nitrate and ammonium thiocyanate — Volhardt’s method — using iron 
alum as an indicator. The silver nitrate was made up in bulk and 
stored in blackened reservoirs; the ammonium thiocyanate was 
also made up in bulk and of approximately the same strength. 

The reaction mixture was made up by weighing out each of the 
reactants and making up to a given volume ; equimolecular quail- 
tities of the reactants were mixed in the cold; 10 c.c. of this solu- 
tion were transferred to a small conical flask immersed in the 
thermostat, and the flask was securely closed. The zero time was 
taken as that moment at which 5 e.e. of the mixture had been 
transferred to the conical flask. After the lapse of a given time, a 
flask was withdrawn, an excess of standard silver nitrate solution 
run in from a burette, a small quantity of nitric acid added, and the 
excess of silver nitrate titrated with the standard ammonium thio- 
cyanate solution. The results are shown in Table I; the value 
of k is the mean of eight determinations. The velocity coefficient 
is calculated from the formula 

k ~ xjat . (a ~ x), 

where «■ is the concentration of the reactants in gram-mols. per litre, 
and t is the time in minutes. 


Table 1. 


uiiol per cent. 

e H -.ii Ian! -• 

Limit k. 

L 

DO 

n-25o 

0-0123 - 0-0 110 

(MUID 

8» 

0-250 

0-0175 — 0-0105 

0-0172 

TO 

0-250 

0-02:17-- 0 02:12 

0-0235 

HH-32 

O-JOliV 

0-0202 - -0 025s 

O-0260 

no 


o- 0:1 23 -0-0315 

0-031!) 

50 

0-125 

0-0155 -0-0450 

0-0-152 

45 


o-05(i —0-053 

0-0545 

40 


■ i-oii5 - 0-0U35 

0-0645 

35 


o-osl - 0-077 

0-07S 

30 

0-0S33 

O-ODS - 0-005 

0-006 

20 

1 1-0555 

0-134 0-120 

0-127 

10 

U-OtitiT 

OKU 0-157 

0-162 
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In Table II are shown representative results for two alcohol- 
water mixtures, indicating the limits between which k varied and 
the extent to which the reaction was examined. 

Table IT. 

66*32 Per cent, alcohol . 30 Per cent, alcohol. 



a - O’ 1067. 



a ~ 0*0833. 



AgNO, - 

- 0-04730# ; 

Xli 4 CXS 

-= 0-0461 GX. 


t. 

Change per cent. 

k. 

t. Cl 

mnge per cent. 

k. 

f>.J 

19*13 

0*0258 

35 

22*24 

0*0980 

68 

22*70 

0*0259 

45 

26*62 

0*0967 

S3 

26*59 

0*0202 

53 

30*20 

0*0979 

1U() 

30*23 

0*0260 

62 

33*26 

0*0964 

114 

33*04 

0*0260 

75 

37-70 

0*0967 

130 

36*00 

0-0259 

83 

39-78 

0*0955 

145 

38*60 

0*0260 

92 

41*66 

0*0950 

210 

47*62 

0*0260 

97 

43*25 

0-0953 

230 

49*70 

0-0260 

107 

46-10 

0-0959 

Mean 

0-0260 


Mean 

0*0962 


2. The Addition of p -Xilroh<nzyl Chloride to Trimethyhmine in 
Benzenc-Xitrobenze n e Mixt ures . 

The benzene was prepared from the commercial benzene by wash- 
ing with sulphuric acid, freezing out the benzene three times and 
rejecting about one-third of the liquid at each operation, and finally 
distilling over sodium. The nitrobenzene was prepared from the 
purified benzene and fractionated under ordinary pressure and then 
under reduced pressure. 

The density curve for benzene nitrobenzene was made using a 
pvknometer of about 20 e.e. capacity; a small bulb was sealed 
into one arm of the pvknometer to allow for the expansion of the 
benzene, and smali glass caps were ground on to each arm. All 
measurements were made at J.v and compared with the density of 
water at 4°. 

The method employed to determine the composition of the 
mixture was to weigh out about 12 grains of nitrobenzene (benzene) 
into a weighing bottle with a carefully ground-in stopper; benzene 
(nitrobenzene) was run into the bottle from a burette, the volume 
being calculated to give a mixture of approximately the required 
composition, and the bottle reweighed. Three determinations of 
the density of the mixture were made. The curve was slightly 
concave and in order to obtain tin* density at intermediate points 
the assumption was made that the curve was a series of straight 
lines between successive points, when the maximum error involved 
I s o in the fifth decimal figure, 

Ihe results are recorded in Table III. 
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Table III. 


Per cent, 
benzene. 

df. 

Per cent, 
benzene. 

c if. 

Per cent, 
benzene. 

df. 

100 

0-SS453 

02-96 

0-98327 

31-00 

1-080.70 

93-42 

0-89933 

58-55 

0-99635 

24*77 

M0880 

89-82 

0-90990 

55-49 

1-00505 

18-03 

1-13440 

85-71 

0-92315 

49-92 

1-02283 

13-58 

1-15103 

78-90 

0-93839 

45-98 

1-03541 

8-95 

1-1700U 

72-31 

ft- 95061 

40-38 

1-05395 

4-00 

1-18855 

07-67 

0-90988 

35-81 

1-009-U 

0 

1-2*187(1 


The benzene-nitrobenzene mixtures were made up and their 
composition determined from the density (lata. 

The trimethylamine was obtained as the hydrochloride (Kabl- 
baum), and the p-nitrobenzyl chloride was prepared from benzyl 
chloride by* nitration according to the method described by Beil stein 
(Amalen, 1S6G, 133. 337) and crystallised from ligroin until a 
constant m. p. 71° was obtained. 

The method of preparing solutions for the measurements was to 
liberate the trimethylamine from the hydrochloride by warming with 
caustic potash solution, pass the gas through u series of tubes packed 
with soda-lime, and absorb it in the solvent, which was cooled in ice, 
The concentration of the base waft determined by titrating two 
portions of this solution against 0’05-Y -hydrochloric acid, using as 
indicator a mixture of methyl -orange and sodium indigotinsuh 
phonate, prepared according to the method of Luther ((.'hem. Zty., 
1907, 31 , 1172). 

The p-nitro benzyl chloride solution was made by direct weighing. 

The reaction velocity was determined at 30 J A. O'O.V in the 
following manner. A number of small reagent bottles, carefully 
stoppered with rubber stoppers, wen* immersed in the thermostat; 
a bottle was withdrawn, and 5 e.c. of each of the reactant solutions 
were run in from a pipette, and the bottle was replaced in the 
thermostat. Zero time was taken us that point at which the two 
solutions were mixed. After a given interval, a bottle was with- 
drawn, excess of standard silver nitrate solution was added, followed 
by a few e.c. of nitric acid and ether, and the mixture was vigor- 
ously shaken in order to coagulate the silver chloride (Z. anorg. 
Cktm.y 1909, 63, 330). The excels of silver nitrate was titrated 
against ammonium thiocyanate, using iron alum as iuuuntor. 
The results are shown in Table [V. The velocity coeflicicnt h 
calculated from : 

k |2'30-;p( - 6y;log|(/f - x) ./>/(/; ~ or) .aj, 
where a and b are the initial concentrations of the reactants ui 
gram-mols. per litre and t is the time in minutes. 
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Table IV. 


Benzene per cent. 

Caruloc 

Cchloritfe* 

Limit k. 

ft. 

100 

0-0904 

00876 

0-00164— 0-00153 

0-00158 

01-27 

0-1370 

0-1145 

0-00412 — 0-00393 

0-00404 

83-43 

0-1187 

0-0851 

0-0072— 0-00695 

0-00703 

74-30 

0-1527 

0-07C0 

0-0 109- 0-0105 

0-0100 

63-58 

0-0623 

0-1084 

0-0177— 0-0103 

0-0169 

50-40 

0-0617 

0-0755 

0-0227—0-0218 

0-0221 

49-58 

0-1224 

0-1427 

0-0275— 0-0202 

0-0260 

42-57 

0-1288 

0-0999 

0-0332 -0*0320 

0-0323 

36-86 

0-1126 

0-0576 

0-0390 -0-0378 

0-0387 

30-41 

0-2094 

0-0674 

0-0507 - 0-0488 

0-0497 

25 09 

0-0611 

00655 

0-0579—0-0564 

0-0571 

20-26 

0-0551 

0-0825 

0-008 - 0-001 

0-065 

12-48 

0-0465 

0 0684 

0-077 -0-073 

0-075 

G-72 

0-0734 

0-0459 

0-088 -0-084 

0*086 

(1 

0*0460 

0-0601 

0112 — 0-104 

0-107 


In Table V arc shown two rep resent at ivc results for two benzene- 
nitrobenzene mixtures, indicating the limits between which ft 
varied and the extent to which the reaction was examined. 


Table V. 



Benzene. 


Camille 

0-0904; C'ftbrMe 

0-0876. 

i. 

1.451 

0-0149 

1:. 

0- On 153 

1922 

0-0195 

0-OO163 

2519 

0-0238 

u-uoiol 

3020 

0-0268 

0-00161 

3305 

0-0283 

0-00154 

3s 13 

0-0322 

0-00164 

1353 

0-0336 

0-00155 

1805 

0-0353 

oaml.il 


Mean 

0- 00158 


20-30 Per cent, benzene, 
r ia j M 0-0551 ; c,/ U hTi<it 0-0825. 


t. 

X. 

k. 

88 

0-01 S4 

0-004 

128 

(♦•o237 

0-064 

1 6Jj 

0-02&8 

0-008 

21s 

0-0333 

0-004 

21s 

0-1*451 

U-oO" 

2 no 

u-e373 

0-066 

324 

(M»3sS 

0-065 

365 

0-04 no 

0-063 


ib-.m 

u-063 


A consideration of the results and of the curve shows that as the 
percentage of benzene in the solvent mixture is increased the value 
of ft falls sharply until about 10 per cent, lias been added; from 
this point the curve appears to consist of three linear sections. 
Assuming that these section:-. are perfectly linear up to the point 
of intersection, these j Joints would occur at .V.H and 29*0 per cent, 
of nitrobenzene, whereas the complexes C fi l! tJ .C 6 H s *X0 2 and 
4C 6 H 6 ,C c H r /X0 2 require 01 and L’Sri per cent, ul nitrobenzene, 
respectively. 

(r) The. ('omxrMon of Methyl o-Ilydro.ry X-fih -< .// 1 : 2 : S-triazoh - 
^-rnrboxylntc into Mi thy l \-l } iiaii/To-trl<iy>h>in - \-o.irhoxyUiir m 
- 1 Icohol- H ah r M i.v In >\ *?. 

I he met In i ester of (he hydroxyphenyliri.izoleearhoxylicacid was 
prepared by .DinimtlTs method (lor. rif.) bv the condensation of 
phenyl azide with malonic ester ; it was stored as the stable hydrate 
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and dehydrated over phosphoric oxide in a desiccator just before 
use. The ketonic isomeride which was formed during the dehydration 
was removed by washing with pure dry ether. 

The solvent mixtures were prepared as described in former com. 
inunications. The reaction mixture was prepared by adding an 
appropriate amount of the enolic ester to the required alcohol- 
water mixture, shaking vigorously, filtering rapidly, and immersing 
in the thermostat for about live minutes. 

The initial concentration was determined by taking 10 e.c. of the 
solution, adding to it a mixed solution of potassium iodide ami 
iodate, and titrating the liberated iodine against standard sodium 
thiosulphate. The moment at which this sample was removed was 
considered as zero time. The potassium iodide solution contained 
32 grams per litre and the potassium iodate solution 5 grams per 
litre; equal quantities of these solutions were mixed immediately 
before use. 

The reaction is very simple to follow, as the enolic ester is strongly 
acidic, whereas the ketonic ester is neutral, and the former liberates 
iodine from tbe iodidc-iodate solution according to the equation 

5KI ~j- KTO a GHX - 6KX -{- 61 j- 3H a O 

(where HX is the enolic ester). Thus each molecule of the enolic 
ester liberates one atom of iodine. The reaction is monomolecular 
and the velocity cooiHoient is calculated from the equation 
/.* - h 1 — k 2 — 1 jt . log aja — a*, 

where a is the initial concentration of the ester, t is the time in 
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Table VII. 

4 Per cent, alcohol. 

Titre. k. 

10-15 — 

8-80 0-000118 

8-24 0-000122 

7-00 0-000120 

(i-in o-oooi20 

.v:r> o-ooono 

5- 14 0-000115 

Mean 0-000118 

A consideration of the results and of the curve shows that the 
value of hi appears to bo directly proportional to the composition 
of the solvent mixtures in the three linear sections into which the 
curve is divisible. 

A fourth section is indicated by two points only, owing to the 
insolubility of the ester in solvent mixtures containing more than 
SO per cent, of water. 

The points of intersection occur at 81*7, 56*4, and at about 32 per 
cent, of alcohol. These results are in remarkable agreement witli 
those obtained from a study of the saponification of esters in the 
same pair of solvents. 

Summary. 

(1) Two reactions have been examined in a solvent consisting of 
alcohol and water, and one in mixtures of benzene and nitrobenzene. 

(2) The curves showing the relation between the value of k and the 
composition of the solvent show certain similarities : the curves appear 
to be built up of a number of straight lines which do not intersect at 
a point but pass from one section to the next by a slight curvature. 

(3) The calculated points of intersection occur at such composi- 
tions of the solvent medium that complexes seem to be indicated. 

(4) The points of discontinuity become moie or less pronounced 
according to the nature of the reaction, and the differences in 
behaviour observed in the various reactions seem to indicate that a 
solvent complex only becomes marked when one of the reactants 
is capable of forming a further complex with the solvent complex. 

(b) The complexes indicated in the reaction in alcohol-water 
mixtures are in close agreement witli those previously found. 

(0) Benzene and nitrobenzene seem to form at least two well- 
defined complexes. 

The authors beg to express their thanks to the Government Grant 
Committee of the Koyal Society for funds placed at their disposal 
which have defrayed the cost of the research. 

fuc Chemical Lahokatukiics 
I’AMlilUDUi:. 


90 Por cent, silcohol. 


l m Titre. 

0 17-25 

49 11’20 

09 9*40 

89 7-80 

109 Gal 

129 3-SO 

130 4- GO 

Alcan 


k. 

f. 

— 

0 

0-0088 

1211 

0-0088 

1721 

0-0089 

2959 

0-00895 

4154 

0*00885 

5548 

0-0088 

5949 

0-00885 
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CXLIV . — Oxidation of Nickel Sulphide. 

By John Stanley Dunn and Eric Keigutley K ideal. 

The mechanism of a number of heterogeneous reactions in which 
a solid catalyses the reaction between two gases or substances in 
solution has been examined in detail, but the ease of a react inn 
between a solid and a. dissolved substance under the influence of 
a soluble catalyst has not been extensively investigated. 

It has been found that the oxidation of nickel sulphide si<- 
pended in water is a reaction of this type, and investigations huve 
been made to determine the following factors : 

(1) The temperature eoellicient of the reaction. 

(2) The influence of a soluble catalyst. 

(3) The connexion between catalytic action and mUorpiiuii () [ 
the catalyst on the surface of tin* nickel sulphide. 

The literature available on the oxidation of metallic sulphide 
is meagre and in many cases untrustworthy. Bor instance, the 
atmospheric oxidation of some sulphides is attributed bv one 
author to small quantities of ozone. 

Pavia {Mon. 8ci. t 1008, [iv], 22, 373} stales that the reaction 
proceeds in two stages. Sulphur is lirst set free with the formation 
of the corresponding oxide. The sulphur is then oxidised to 
sulphuric acid and dissolves the oxide, lb* states, further, that 
these reactions are in general accelerated by sunlight. 

Prcixirution oj Sulphide. - When niekel monosulphidr is pa- 
pa red by precipitation from solution, it ocrtirs in three polymorphic 
modifications, designated [s, and y, according to ein umstaiio; 
(Thiel, Cham. ZctUr., 11)14, i, IS). 

The a-sulphide is prepared as a spongy, black mass when frolily 
prepared ammonium sulphide is added to a solution of a nickel 
salt. It retains water very strongly and is comparative -!y active 
chemically. If, for instance, air is suddenly admitted n> vuetitifii 
desiccator in which x-niekel sulphide is drying, the tempt raturi' 
will rise rapidly to oU — bU owing presumably to rapid ct.xhlarioii 
(see also de Clermont and Cuizot, this Journal, 1 n77, 32. 1WI- 

The ^-sulphide is formed when hydrogen sulphide is passed 
through nickel aecoiti- solution. It is a black precipitate, father 
denser than the a-form, and is much more easily dried. 

The 7-sulphide is produced when hydrogen sulphide is pas* 1 
into nickel acetate solution, acidified with acetic acid. r i he result- 
ing precipitate is boiled with 2 A -hydrochloric acid, which coiucrk 
some of the 3-form to y and dissolves the remainder. !ku& P re 
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pared, it is a grey powder with a pyritic lustre. It is much less 
active than either the a- or Morin. 

The three forms of the sulphide were prepared as described above, 
washed by repeated decantation with distilled water, and finally 
with hot water on a Buchner filter. They were then dried by press- 
ing between filter-paper, and the process was completed by standing 
in a vacuum over calcium chloride. 

The ( 4 -form, which was examined in greatest detail, gives a 
suspension when dispersed in pure water which takes ten minutes 
or more to settle completely. The y-forin under similar conditions 
settles much more rapidly. 

It was at first attempted to follow the course of the reaction 
by the estimation of the soluble nickel produced when carbon 
dioxide-free air was bubbled through a suspension of nickel 
sulphide. If this method be employed, water must be added to 
replace the sample withdrawn. This constitutes a serious draw- 
back when a catalyst is present, however, for the original con- 
centration of catalyst is undoubtedly changed by adsorption and 
the addition of catalyst solution at the original strength would 
be inadmissible. The experimental method finally adopted in 
studying the oxidation quantitatively dej^nds on the measurement 
of the rate of disappearance of oxygen when a suspension of a 
definite weight of nickel sulphide in a definite volume of water is 
shaken in contact with this gas. 

In conducting an experiment, 0*5 gram of sulphide is intro- 
duced into a reaction vessel consisting of a cylindrical tube of 
about 100 c.c. capacity, into which at opposite ends are sealed 
glass tubes. One is connected to tlu* gas burette. Through the 
other, which can he closed wiih a rubber stopper, 40 c.c. of water 
or catalyst solution are added. The reaction vessel, which is con- 
nected to a jacketed gas burette and immersed in a thermostat, 
can be rocked longitudinally. A rapid current of oxygen from a 
cylinder is passed thr< ugh the apparatus until the reaction vessel 
and burette are full of tin* gas. The reaction u»el is then closed, 
and after allowing about live minutes for the attainment of thermal 
equilibrium, the gas burette i> level lid, the shaker started, and the 
absorption followed from gas burette readings from time to time. 
The temperature of the oxygen in the burette i* kept constant by 
circulating through a jacket water from the thermostat. 

A fairly slow rate of rocking gave the last agitation, blit the 
oxygen absorption was independent of the rate of agitation above 
a certain, very low rate. 

In the adsorption experiments, the procedure was repeated, but 
at the end of thirty minutes the sulphide was allowed to settle 
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and the concentration of vanadium estimated by oxidation with 
permanganate and titration with ferrous sulphate solution, using 
an electrometric determination of the end-point. The method of 
Conant (J. Am&r. Chem. Soc., 1916, 38, 341) was modified slightly 
by titrating in 20 per cent, hydrochloric acid at room temperature. 

For the work on the nature of the reaction product, the experi- 
ment was carried out in the usual way for some time. The shaker 
was then stopped, the gas level quickly read, and the contents 
of the reaction vessel were poured through a filter under suction 
and washed rapidly with cold water. Excess of ammonia was 
added and after filtration the nickel was estimated in the customary 
manner with dimcthylglyoxime. 

The reaction might conceivably take place in two ways : 

(а) By solution of nickel sulphide followed by oxidation. 

(б) Heterogeneously by direct action of dissolved oxygen 
the solid sulphide. 

If the former be the easts the extent of oxidation after a attain 
time will be independent of the amount of solid sulphide present, 
whereas if the reaction is heterogeneous the reaction velocity will 
be proportional to the surface of the sulphide or to the amount 
of the latter. 

This point was investigated by suspending different amounts 
of a rather active ^-sulphide in aerated water and estimating the 
amount of nickel-ion in solution after a definite time. The following 
figures (grams) show the reaction to he heterogeneous. 

Table 1. 

«»•} e-2 H4 

u noun 

noun 002:1.-, 04)43 

o-2 ;} 

uo2ol O-O2S0 

oo 1 US 0-02$, 

Temperature ( (fie i* nf. Measurements were carried out at -o\ 
35 J , and 45 \ The results are expressed as euhie centimetres of 
oxygen absorbed per hour by 1 gram *4 nickel sulphide. 

Tabu: 11. 


TemjnT.it mv I}.', 4., 

>-Sulphide 2-n 4-0 7 1) 

0-Sulphide .Mi 12-0 2S-4 


A icniiXTUtuiv rucllirimt is thus obtained of 2 0 and J'fi per Hi 
temperature rise, for the y-sulfiliide and 2‘15 and 2 37 lor the 
liofiion Product . — A series of experiments was carried out to 


Amount ot NtS .. 
Soluble Mi found 

Amount of NiS .. 
Soluble Mi found 
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test whether the course of the reaction was modified by different 
concentrations of catalyst. The sulphide was shaken in each case 
till an approximately equal amount of oxygen had been absorbed. 
'Che amount of nickel sulphate in solution was then estimated by 
the glyoximc method. It will be noticed that the amount of 
oxygen equivalent to the soluble nickel is greater than the observed 
oxygen absorption in the ease of the stronger catalyst concentra- 
tions. This may be attributed to solution by acid produced by 
the hydrolysis of the catalyst, vanadyl sulphate, of nickel oxide 
or basic sulphate which is unavoidably formed in washing the 
precipitated sulphide. 


Concentration 
of catalyst, in 
millimoles per 

e.c. of 0* 

Table 111. 

Gram of nickel 
glyoxime pre- 

Gram of 
soluble 

< >. of Oj 
equivalent to 
Xi reckoned a? 

litre. 

absorbed. 

cipitated. 

nickel. 

sulphate. 

0 

7*9 

0*019 

0-00386 

2*9 

0-96 

8-0 

0*048 

0-00975 

7-3 

24 

7*5 

0*080 

0*0102 

121 

4-8 

7*9 

0*090 

0-0182 

13 G 

9-6 

8*5 

0*107 

0-0217 

16-3 

19-2 

7-9 

0-118 

0024 

130 


Parallel reaction velocity experiments were then carried out in 
which both the variation of oxygen absorption and the amount of 
soluble nickel produced were determined. The difference in 
columns 2 and 5 (Tabic IV), which is shown in column 6, is fairly 
constant and corresponds with the amount of soluble nickel pro- 
duced by solution of the oxide or basic sulphate. 


Table 1\ . 


4'8 Millimoles of 



C.c. of Oj 

Nickel gly- 
oxiino 

Hours. 

absorbed. 

found. 

0-25 

24 

0*0570 

0-50 

3*85 


1-50 

7-9 

0-0905 

2*75 

14*25 

0-1385 


catalyst per litre. 


Soluble 

Xj. 

O, pquiv. 
to !>oi. Xi, 

Dili. 

0*0116 

8*6 

6-2 

0-0134 

lo-o 

6*15 

0*0182 

130 

5*7 

0*0282 

21*0 

ti-7j 


The following figures make clear the fact that the product of 
he reaction is really nickel sulphate and that the apparent vari- 
iticns of Table III are due to an extraneous factor which is 
Timinated after the first half hour or so. For three concentrations 
catalyst, two simultaneous oxidations were carried out. The 
iast was stopped after a short time, the second was allowed to 
continue for a longer period. In each case, the amount of oxygen 
a* sorbed and the soluble nickel produced were estimated. The 
VOL. CXXHI. v u 
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agreement between the amount of oxygen absorbed with the 
nickel sulphate produced is shown in the third line for each set 
of determinations. 

Table V. 

C'.e. of 0., Nickel gly- C.c, of 0, 


absorbed oximo Soluble Xi present ais 
Co IK 1 , of catalyst. 'aver.'. (gram). (grain). sulphate. 

2-4 millimoles per) f T-.'i 0*0800 0-0162 12-1 

litre I \IM 0-1440 0-021)2 2P& 

Difference 1 Hi fj.~ 

4-8 millimoles per) ) 2-K."> 0-0060 0*0124 Hmi 

litre I \ 1 4-2.» 0-i:pv> 0-0282 21-n 

Difference Dim jj. ( j 

0*0 millimoles per) I 8-A (Mo”n 0-0217 UI-2 

litre I 0-1101 0-02tMi 22-1 

Difference o-8 5.0 


l ’n;. 1. 

*16-«>.*i7jL«h "f osipjoi I'wJir (lv >1 > <>f cnofitHj ?ir< H'jllw vj 

i«tnh{*t volution. 


I 



’i t in • in iiour*. 


In Fig. 1 arc shown the reaction velocity curves for the catalytic 
oxidation of nickel sulphide with various concentrations of 
eatalvst. Fig. - represents the effect of addition of acid to a 
solution containing millimole of catalyst jvr litre. The figure? 
by the curves refer to the concentration, in millimoles per litre, of 
the catalyst and of the acid, resect ively. 

From these curves the figures tabulated below are obtained 
and these results are expressed graphically in Fig. 3, which ab) 
shows the adsorption of vanadium-imi from solutions of vanadj 
sulphate of varying strengths. 
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i)' iG. 2 . 


Absorption of oxygen with fixed catalyst concentration but varying 
acid concentrations. 



Co no, nl ration m 


Halts oj oxidation of /JOuS «/ 25 M r t.\- catalyst 

concentrations. 

Adsorption of vanadium on Ni$. 

Variation of rate of oxidation on addition of u ■ id t<> t itolysed 

reaction . 

Variation of rate of oxidation on wliitl-ni >f acid iihn> . 

Variation of rate of oxidation with cataiy.-t cono ideation 7-N'iS 

at 35°. 

Table VJ. 

Riite of absorption of oxygon u itli varying catalyst 
concentration. 

1 -■ concentration of catalyst in millimoles per litre. 

'-reaction velocity. C.c. of ox v eon absorbed ivr luiar bv n-5 ','i.uil of 
nickel sulphide. ' 

a 0 0*1 U-HU j-4 Id* 2 4 J } n i'-H l!) 2 

b 125 Hi 1-y lu 0-5 5-0 5-2 i-U tie 24 

U U 2 
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Table ML 

Kate of absorption of oxygen in presence of sulphuric acid. 
Concentration of catalyst = 0-7 millimole per litro. 
a concentration of aeitl in millimoles per litro. 
b — reaction velocity. 

a 0 1*25 1-85 2 5 3-1 3-7 4 3 (L2 

b H) H» G-3 b*3 D-U 3-8 2-5 2-3 

Table MIL 

Influence of addition of acid on the u neat u lysed reaction. 
u -- concentration of acid in millimoles per litre. 

b ----- reaction velocity. C.e. of oxygen absorbed per hour by 0-5 ^ 

nickel sulphide. 

a U :M 3-7 4-3 <j*2 

b 1*25 2-3 2-7 2-7 2-4 


Table IX. 

Adsorption of vanadium on nickel sulphide. 

it -= concentration of vauailvl sulphate in millimoles per litre. 
h ~ uig. of vanadium adsorbed on 05 gram of nickel sulphide. 
a IMS 072 Oim 14 24 44 

b 0- 02 140 MS O' (17 0 44 0*12 


Discussion of Results. 

The discrepancy between the oxygen absorbed and the nickel 
found as sulphate indicates clearly that the uncatalysed oxid- 
ation of moist nickel sulphide proceeds according to Pavia's scheme 
of a two-stage reaction. The catalytic oxidation, from the fart 
that sulphate is the product of oxidation, proceeds apparently in 
one stage. The uncatalysed reaction, however, doubtless proceeds 
at the same time, and in the case of the catalytic oxidation of a 
very reactive sulphide traces of sulphur were found at the end of 
the reaction. 

The curves showing the relationship between oxygen taken up 
and time are approximately linear for the uncatatysed reaction, 
and this also holds after a short curved portion for the catalytic 
oxidation of less reactive specimens of nickel sulphide. Hu 1 
curvature in the ease of the more reactive sulphides is very distinct 
and is most noticeable for small catalyst concentrations. The 
curves showing the relation between catalyst concentration and 
reaction velocity present unusual features. At first only ft Vl ’i} 
slight increase is observed, but this is followed by a sadden raj* 1 ’* 
rise to a maximum, after which the reaction velocity fulls off moie 
gradually, being roughly a linear function of the logarithm of tie 
concentration. The adsorption curves are also abnormal, for t 
too, after rising linearly with concentration, suddenly fall o > 
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although much more rapidly. The form of this curve suggests the 
intervention of a third factor besides vanadium and nickel sulphide, 
and it is not unreasonable to suppose that the same inactivating 
agent was operative in suppressing both catalytic activity and 
adsorption. 

It has been shown (Table HI) that, for catalytic oxidation, 
initially more nickel sulphate is formed than can be accounted 
{ or on the ground of oxygen absorption alone, and this excess 
increases at first rapidly from a negative quantity for zero catalyst 
concentration up to the concentration of maximum catalytic 
activity and then more slowly with greater concentrations. 

Marked catalytic effect is always associated with, a colour change, 
the bright blue of the vanadyl-ion giving place to the yellow or 
green characteristic of tervalent vanadium salts. This yellow or 
”reen solution is quite stable in presence of oxygen, but the addition 
of excess of dilute acid restores the blue vanadyl colour when the 
mixture is shaken with air. Salts of tervalent vanadium are known 
to be extensively hydrolysed in dilute solution, and it appeared 
probable that free acid produced by hydrolysis was the disturbing 
factor. Accordingly, the effect of addition of sulphuric acid, both 
on the catalysed and un catalysed reaction, was investigated. 

The curve (Fig. 3) showing the influence of acid on the un- 
catalysed reaction indicates a delinite acceleration to a maximum 
velocity which is followed by a subsequent decrease. The vari- 
ation, however, is not great, and may be attributed to change in 
the condition of the sulphide surface. The curve showing the 
variation of the catalytic reaction velocity with increasing amounts 
of acid recapitulates all the features of the catalyst concentration 
curve, although owing to the direct introduction of acid the 
descending portion is much more compressed. 

At the point of optimum acidity, reduction of the catalyst con- 
centration to 0*23 millimole per litre had no effect on the rate of 
oxygen absorption, which remained constant at G‘3 c.e. per hour. 

The descending branches of the curves for varying catalyst 
and for varying acid concentrations are associated with the blue 
colour of the vanadyl-ion, the flocculation and rapid settling of 
the nickel sulphide. Semi-quantitative experiments on the time 
of settling of a suspension of nickel sulphide indicated a maximum 
stability of the suspension in the neighbourhood of the optimum 
acid and catalyst concentrations. 

The phenomena observed may be accounted for in the following 
general terms : 

There are two distinct modes of formation of nhkel sulphate 
hy oxidation : 
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2NiS + 0* — > NiO + 2S, 

2S + 30 2 + 2BuO -> 2H 2 S0 4 , 
NiO + H 2 S0 4 -> NiS0 4 + H 2 0, 

and the catalytic reaction 

NiS -{- 2(X — v Ni80 r 


The second reaction may be prevented by the presence of a fib,, 
of nickel oxide, which can, however, lie removed by excess of acid 
produced by hydrolysis of vanadium sulphates or directly intro- 
duced. 

The catalytic agent is tcrvalent vanadium, probably in the form 
of colloidal V(OH) 3 . This is assumed to take up a molecule of 
oxygen, giving momentarily a quinquivalent vanadium compound 
which reacts at the surface of the nickel .sulphide, regenerating 
tervalent vanadium. When the concentration of acid in the 
system is such that it can keep the nickel sulphide surface reason- 
ably clear and yet is not sufficient either to flocculate the nickel 
sulphide or to stabilise the vanadyl salt, V IV or YO 11 , a maximum 
catalytic effect is observed. 

Trillat {Cvmpt. rend., 1903, 137, 922; 1904, 138, 94, 274) 
observed that whilst neutral manganese salts are almost inactive 
the addition of a small quantity of alkali renders them catalyticalk 
active in promoting the oxidation of certain phenolic substance*. 
In this connexion it is noteworthy that the oxidation potential* 
nf the various manganese compounds are strongly influenced by 
hydrogen-ion concentration. Thus the oxidation potential of a 
neutral 01 ^/-permanganate solution is 1*31 volts, whilst mnornini 
acid it, is 2'12 volts. Again, the free energy of the periMiisramk- 
mangano-rciietion is expressed by 


t 


117 log h 



[Mn"]/v , 
[MnO/jfH-f 


Similar data an* mu available for vanadium, but it appeals prob- 
able that here again the oxidation potentials, catalytic activity, 
and hydrogen- iun eom-entralum are intimately connected. 

For a solution containing 1*9 millimoles of vanadyl sulphate 
per litre and for one containing 1*85 millimoles of sulphuric acid 
an initially rapid oxidation of (i*3 e.e. of oxygen absorbed per hour 
falls otT suddenly to 2'2 and 1*8 c.c. per hour, respectively fw 
curves for the oxidation of a ^-sulphide at 35° show a dnuls 
behaviour. Tn these cases, one must assume that the uncafaM 
reaction still continues to produce nickel oxide, which is progrff 
siwly removed by slight excess of acid. Eventually, h°we\er, a 
the acid is used up and a protective tihn of oxide is formed * 
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diminishes the reaction velocity to the observed low uncatalw-d 
velocity. 

In Fig. 3 the behaviour of a specimen of inactive y-suJphide is 
shown. It will be noted that the peak of maximum oxidation is 
at a lower concentration than in the case of the more reactive 
S -sulphide. This is in accordance with the theory which requires 
the solution of the oxide film by acid before catalytic oxidation is 
possible, since the less reactive the sulphide the less nickel oxide 
is formed in washing and the smaller the quantity of acid required 
for its removal. 

Summary, 

The velocity of oxidation of the (3- and y-forms of nickel sulphide 
in aqueous suspension have been determined by measurement of 
their oxygen absorption. The oxidal ion is shown to be a hetero- 
geneous surface reaction, with temperature coefficient in the 
neighbourhood of 2. 

The intermediary formation of basic salts is shown to occur, 
supporting the hypothesis of a two-stage oxidation process. 

The oxidation is markedly accelerated by soluble vanadium 
salts, which are adsorbed and give nickel sulphate without the 
intermediary formation of basic salts. The catalytic efTeet is 
ascribed to colloidal V(OH) 3 and is greatest in weakly acid solutions. 

One of us (J. S. D.) wishes to express his indebtedness to the 
Executive of the Department of Scientific and Industrial Research 
for a grant which enabled him to carry out this work. 

Laboratory of Physical Chemistry, 

Oamrridgk University. L\e<ir< Mm- 1, iN'- ]'V>3] 


( XL V—The Combustion of Complex Gaston* Mixtures. 
Part II. Mixtures of Carbon Monoxide mu! 
Hydrogen with Air. 


Ily William Pay.max and Richard Vernon Wheeler. 

Bv means of the “law of speeds " (see Part I of this re^nivh T 
1922, 121, 363; also T., 1919, 115. 1430, 1446. 1454 : 192u. 117^ 
4 ; S) ’ lt ls i J0 * sibl(k to calculate the speed of the uniform movement 
(> fiame in any mixture of air with a complex inllammable -as 
nuxurc, provided that the speeds of the flames in mixtures \\ *t h 
air of each of the inflammable gases taken singly is known. 

\ fuIn t )lcx ity ar ^ when dealing with mixtures oontaininf 
oarbon monoxide, for the speed of propagation of flame in a given 
ure m carbon monoxide witii air or oxygen is dependent on 
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the degree of saturation with water vapour. This fact w as 
established by Dixon (Phil. Trans . , 1893, 184, 07) with regard to 
the speed of the explosion-wave in the mixture 2CO + 0 2 , thus : 


Condition of mixture. 

Well dried 

Dried 

Saturated at 10° 

Saturated at 20° 

Saturated at 35° 

Saturated at 45° 


Water vapour, per 
cent, by volume. 


1*2 

2-3 

5*6 

9*5 


Speed of ox plosion, 
wave in m. per see 
1264 
1305 
167G 
1703 
1738 
1093 


The proportion of water vapour that had the optimum effect on 
the speed was thus found to lie between 5*6 and 9*5 per cent., and 
any excess over this quantity retarded the explosion -wave. 

Similarly, as regards the uniform movement of flame, it was 
found (T., 1919, 115, 1454) that but slight variations in the 
quantity of water vapour present in mixtures of carbon monoxide 
and air caused marked changes in its speed. 

Some doubt therefore existed as to the correct value to use for the 
speed of flame in mixtures of carbon monoxide and air when attempt- 
ing to calculate, by moans of the law of speeds, the speed of flame 
in a complex mixture containing carbon monoxide, unless the degree 
of saturation of the mixture by' water vapour was known. 

Dixon has also shown, however (T., ISSO, 49, 94), that hydrogen 
or any gas containing hydrogen (such as methane) affects the com- 
bustion of carbon monoxide in the same manner, and possibly in a 
similar degree, as docs water vapour. It is reasonable to suppose, 
therefore, that the speed of flame in complex mixtures containing 
more than a certain small proportion of hydrogen (or of a gas con- 
taining hydrogen) in addition to carbon monoxide will be un- 
affected by the presence of varying quantities of water vapour, 
since the presence of the hydrogen will ensure that the maximum 
rate of combustion of the carbon monoxide shall be attained. 

Experimental values for tin* speeds of flame in mixtures uf carbon 
monoxide, hydrogen, and air, in which the carbon monoxide ami 
hydrogen are in a known ratio, should therefore Ik* satisfactory fur 
calculating the speeds of flame in other mixtures in which the 
carbon monoxide and hydrogen bear a different ratio to each other, 
so long as the requisite minimum quantity of hydrogen is exceeded. 
Or the “effective” speeds fur mixtures of carbon monoxide and 
air alone could be calculated from such values, and these spmk 
used for further calculations, the “ effective ’’ speed of flame in a 
given mixture of earlmn monoxide and air, us determined from 
experiments with mixtures containing more than a certain quantity 
of hydrogen, being, presumably, that which would br oht«imu 
with the optimum saturation of water vapour. 
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For when flame travels in a mixture of hydrogen, carbon monoxide 
and air the effect of the hydrogen may be presumed to be twofold • it 
"'ill determine the combustion of the carbon monoxide, and it will by 
its own combustion, aid in the propagation of the flame. These two 
effects of the hydrogen can be regarded as independent of each other 

The speeds of the uniform movement of flame, in a horizontal 
glass tube 2’5 cm. in diameter, in mixtures of air with mixtures of 
carbon monoxide and hydrogen corresponding in composition with 
3C0 + H 2 and CO + H 2 , have been determined. The maximum 
speed of uniform movement of flame in any mixture of SCO J | 
and air is 214 cm. per second ; in any mixture of hydrogen and am 
under the same conditions of experiment, it is 485 cm per second 
(Haward and Otagavva, T„ 1910, 109, 83). From these two Values 
the maximum “effective” speed in mixtures of carbon monoxide 
and air can bo calculated and is found to be 12.5 cm. per second 
Using this result to calculate the maximum speed of flame in mixtures 
of CO + H 2 and air, a value 305 cm. per second is obtained. The 
measured speed was 315*2 cm. per second. 

, V shou V be P ossiWc to ch «* the value calculated for the 
• effective speed of flame in mixtures of carbon monoxide and air 
b\ actual measurement, using mixtures saturated with water vano- r 
at different temperatures. Two series of determinations of this 
character the experimental difficulty attending which is con- 
siuerable, have been made for us by Mr. W. Shepherd. 

Two mixtures of carbon monoxide and air were prepared in large 
gas-holders over water, one containing 45 per cent, of carbon 
monoxide tins being within the range „f mixtures in which the 
speed of the uniform movement of flame is fastest; and the other 
40 per cent. The gas-holders, cxplosion-tube (a glass tube 2 5 cm 
m diameter and 4 m. long), and recording apparatus were installed 

IVw 1 ,, C ° UW , bp mamtai,u ' d • constant temporal on- 
ancl thc following records were obtained : 

Table I. 

Th m t 0f Water Vapour on lb S r „„, of Uniform Movmn.t of 
name m Mixture.'! of Cari/on Monoxide and Air. 


Water 

t vapour per 

i^up. of eunt. |, v 

saturation, volumj. 

i 

h a 


pf*r cent. 

Carbon 

monoxide 40 

'er cent. 



Water 


Speed in 


vapour per 

Speed in 

cm. pi-r 

T.-mp. of 

cent, by 

cm. per 

second. 

Siiturntinu. 

volume. 

Second, 

<».!•;» 

4 3 

0-Mi 

oO-O 

:o-u 

12 

Klo 

tiS-2 

lO.VO 

20 

2 ;;o 

So- 7 

ISo-u 

•)- 

3o0 

9, >9 

1180 

34 

.v20 

10 74 


39 


100*5 


TJX ) 4 
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If these results are plotted as speed-percentage graphs, it will lie 
seen that the effect of water vapour on the speed of the flame tends 
towards a maximum when about <r0 per cent, is present. Xhe 
highest value recorded for the speed of flame in the mixture eon* 
taming 45 per cent, of carbon monoxide (which is a “ maximum -speed 
mixture ”) * was 120 cm. per second, which agrees closely with the 
calculated value for the effective speed, namely 125 cm. per second. 
We have suggested that this " effective ” speed of propagation 
of flame in mixtures of carbon monoxide and air is also obtained 
when more than a certain proportion of hydrogen is present ; flu- 
question arises as to the least proportion of hydrogen necessary. 
We have attempted to determine this by measuring the speed of 
uniform movement of flame in mixtures of carbon monoxide and 
air containing a small proportion of hydrogen, with and without 
water vapour. 

In the first series of experiments, the mixtures contained varying 
proportions of water vapour, obtained by saturation at different 
room -temperatures, and a rough approximation can be obtained 
from them to the minimum proportion of hydrogen that is 
equivalent- in its effects (on the speed of uniform movement of 
flame in mixtures of carbon monoxide and air) to water vapour. 
The experiments were made in a glass tube 2*5 cm. in diameter 
and 4 m. long. 

Taisle 11. 


The Kfjfd of Htfdroyni and of Water Vapour on the Sp?<d of Uniform 
Movement of Flame in Mixture.* of ( 'arbon Monoxide and Air. 


Experi- 

V m per- 

( ’arbon 

monoxide 

Hydrogen 

Water 

vapour 

Speed tit 
flu me in 
cm. per 

ment No. 

a hire. 

per cent. 

per cent. 

per cent. 

second. 

1 

i) 


o.tir. 

ii-pn 

7.1 -.7 


2S 

:»s-oo 

O-fi.'i 

.’>•70 

Ufl*5 

;; 

4 

:;u-:o 

1 -DU 

O-hO 

lull*.". 

■t 


4«i I.'i 


0-90 

152-n 

,7 

10 

i: :>o 

4-0.1 

1-20 

150‘H 

li 


40-on 

4-11.1 

3-9.1 

107*0 

7 

l k o 

47-:io 

•1*1 a 

2-:iu 

144-11 

s 

,7 

:i7-4‘» 

.1-1 ill 

II- 8,1 

J7M-0 

p 

<» 

t.K.i 

a- till 

0-90 

170*5 

lo 

:n 

42-20 

,7-tlO 

4-40 

l.Kvii 

11 

i; 

4u-.su 

r.-o.y 

o-9o 

1U0-5 

lit 

27 


ti-0.1 

.’{■■7o 

MS-0 

Considcrin; 

f tirst 

the mixtun 

•s nf which 

till- carbon 

monoxide 


content was about 40 per cent., and comparing the results obtained 

* The phrase maximum-speed mixture ” is used to descrilie diwth <' 
mixture of inflammable gas mid nir {or oxygen) in whieh the j 'repei tions ' 0 
inflammable gas an- such that the speed uf uniform movement of flaaiP 111 
the mixture, under given experimental conditions, is the fastest obtaina 
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Hill) those recorded in Table I, it becomes apparent that more than 
1-90 per cent, of hydrogen is required to procure the “ effective 
speed ” of uniform movement of flame in these mixtures ■ whilst 
with the mixtures containing about 43 per cent, of carbon monoxide 
it appears that less than 3'83 per cent, of hydrogen suffices. We 
will take between 190 and 3 '83 per cent, as our first approximation 
to the quantity of hydrogen necessary (as an alternative to water 
vapour) to develop the effective speed of flame in mixtures of carbon 
monoxide and air. 


It was considered that a definite result should be obtainable more 
readily by the use of well-dried mixtures, provided that no attempt 
was made to secure such extreme dryness (of apparatus and con- 
tents) as is obtained by their prolonged exposure to (lie action of 
phosphoric oxide. That is to say, the presence of a trace of water 
vapour would be presumed, and slight variations in tile amount 
assumed to be immaterial. 

This series of experiments, with well-dried mixtures of carbon 
monoxide, hydrogen, and air, was based on the fact that when 
two “ maximum-speed ” mixtures are mixed, in anv proportions 
a “maximum-speed ” mixture results and the speed ,J flame in it 
can be calculated (sec T„ 1919, 115 , 1432). With carbon monoxide 
and air, the range of mixtures in which the speed of uniform move- 
ment of flame, under given experimental conditions is fastest 
contains between 43 anil 30 per cent, of carbon monoxide- and 
with hydrogen and air the range lies between 33 and 40 per cent of 
hydrogen. The two mixtures chosen for these experiments con- 
tained, respectively, 47-70 per cent, of carbon monoxide and 37 95 
per cent, of hydrogen. If these are mixed together in different 
proportions, so that the resulting complex mixture contains -'u 
■']’ 3 0 > and so on > P° r wnt. of hydrogen, it should be medble to 
determine, within narrow limits, what percentage of hvdroc-en 
independently of water vapour, is required to cause the flame hi a 
mixture of carbon monoxide and air to assume its - effective " 
speed; for until the requisite quantity of hydrogen is present the 
o served speed of flame in the complex mixture will be less th-'n 
hat calculated, since the effective speed of flame in the mixture of 
carbon monoxide and air is used in the calculation. 

°:r imf " tal lmxtm ' os - prepared by blending the maximmu- 
hvdf , tUr ?’ " crc stored in gas-holders over dilute potassium 

T- an<l " W ***** s!o "'- v trough « -'cries of 
containno raloiun > chloride. and Winkler worms. 

X Tf C " rat0d SU,1 ’ hmi0 the glass explosion- 

each exnerb' ^* mcter and 4 “>• which was dried before 

1 H 'nt h - v washing with pure ah-ohol and ether and 
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heating in a current of dried air, At the outset of the series of 
experiments, when the mixtures used contained less than 3 0 per 
cent, of hydrogen, the speed of flame in a mixture of given compost 
lion was not constant, and it became apparent that but slight, 
variation in the magnitude of the “ trace ” of water vapour present 
affected the results. For example, with a mixture containing 
carbon monoxide 44 20 and hydrogen 2*30 per cent., the following 
results were obtained for the speed of uniform movement of flame, 
as measured by the fusion of screen-wires (T., 1914, 105, 2610): 
93*9, 101-9, 105*9, 97 8, 109*1, 112 2, and 119*2 cm. per second' 
Prolonged drying of this mixture rendered it incapable of beim* 
ignited by the means normally employed in the experiments. 

Evidence having been obtained that the speed of the flame was 
not always strictly uniform — it appeared sometimes to increase as 
the flame travelled from the open to the closed end of the tube— 
recourse was made to the photographic method of registration of 
speed (T., 1919, 115, 579), using a tube of “ Uviol ” glass, and a 
quartz lens. It then became clear that, unless the proportion of 
hydrogen present exceeded 3 0 per cent., there was, instead of a 
uniform speed, an acceleration of speed as the flame travelled awav 
from the point of ignition (see Fig. 1). Considerable care was 
taken during these later experiments of the series to secure the 
same degree of dryness of the mixtures, and it was observed that 
any deviation from the usual procedure that would tend to increase 
the efficiency of removal of moisture rendered the mixtures incapable 
of propagating flame : the flame would burn during a few seconds al 
the mouth of the tube, owing no doubt to the mingling of moist air 
with the mixture, hut would not travel along it. Moreover, with 
the normal conditions of drying used in these experiments, flame 
would not propagate if less than 2 0 per cent, of hydrogen were 
present, whereas with a slight increase in the amount of moisture 
flame travelled readily in such a mixture. 

Apparently, then, moisture is more effective than hydrogen in 
promoting the combustion of carbon monoxide. 

The results obtained for the speeds of flames in the blended 
maximum -speed mixtures of carbon monoxide and air and hydrogen 
and air, dried by exposure to calcium chloride and sulphuric acid, are 
shown in Table ill. 

From these results it is evident that the presence of 2'95 per cent, 
of hydrogen is nearly, if not quite, suflieient to enable the uniform 
movement of flame in a mixture of carbon monoxide and air to 
acquire its “ effective ” speed, whereas less than that quantity is 
insufficient. 

This minimum quantity of hydrogen, which can be stated to 
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Table 111 


Experi- 

Carbon mon- 

Hydrogen 

Speed of uniform movement 
of flame in cm. per second. 

ment No. 

oxide per cent. 

per cent. 

Observed. 

Calculated. 

1 a . 

34-75 

9-40 

213 

202 

2a 

40-55 

5-85 

171 

170 

3a 

43-30 

3-70 

156 

150 

4a 

43-80 

2-05 

146 

147 

5a 

43-40 

2-45 

130 

144 

6a 

43-65 

2-25 

123 

142 


in round numbers, 3 per cent., should be compared with the optimum 
quantity of water vapour required to enable the uniform movement 
of flame in mixtures of carbon monoxide and air to assume its 
maximum speed, namely, about 0 per cent. Whence it would 
appear that, whereas a trace of water vapour is more effective than 
a trace of hydrogen in enabling propagation of flame to take place 
in dried mixtures of carbon monoxide and air, twice as much of it 
is required to give to that propagation its complete freedom. 

Inflammation in a Closed 

The “ law of speeds " can be shown to apply to conditions of 
propagation of flame other than the " uniform movement," pro- 
vided that the conditions of experiment are constant. For 
example, the speeds of flame in complex gaseous mixtures enclosed 
in a spherical vessel obey the law closely. 

A series of experiments with mixtures of carbon monoxide, 
hydrogen, and air illustrative of this may be recorded here, since 
they also serve to emphasise the necessity, when attempting to 
interpret the results, for deducing Ihe ‘•effective " speed of flame 
m mixtures of carbon monoxide and air when that gas is a con- 
stituent of a complex gaseous mixture. 

For these experiments a spherical explosion vessel of brass, of 
4 litres capacity, was used, and a spark-gap, 1 cm. long, at which 
ignition of the mixtures was effected by a secondary discharge 
from an induction-coil, was formed between pointed electrodes at 
the centre of the sphere. Measurements of the pressure produced 
(IU inflammation of the mixtures, and the rate of development of 
that pressure, were recorded by means of a Petavel gauge with 
piotographic registration, specially designed to enable the com- 
paratively low pressures developed (0 or 7 atmospheres) to be 
>t corded accurately; and the time of passage of the secondary 
n>c large that caused ignition was recorded on the same photo- 
orapiic film, together with the record of a tuning-fork having 50 

vibrations per second. 

•tt has been shown (T„ 1918, 113, 851} that the time taken for 
pressure within a spherical vessel to attain its maximum 
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(ignition of the mixtures being at the centre), measured from tf, ( . 
time of passage of the electric spark that causes ignition, coincide* 
with the time taken for flame to reach the boundary of the vessel ■ 
except with very slowly moving flames. In the discussion of the 
results that follows, therefore, the time of attainment of maximum 
pressure is taken to be synonymous with the time of passage 
flame from the centre to the sides of the vessel, a distance of 
cm.; whence calculation can he made of the mean speeds of th 
flames. 

The series of experiments was carried out with mixture?, i|, 
different proportions, of air with carbon monoxide, hydrogen, and 
complex mixtures corresponding with 500 -■ Ho, ('0 H„. 5 ^,] 

00 -{' 3H 2 . The initial temperature and pressure of each mixtniv 
were atmospheric and each was saturated with water vapour ;; 
room temperature (15). A discussion of all the results obtain^ 
both as regards pressures developed and speeds of flame, wj; 
form the subject of another communication : we are here eunccrni- 
(»nly with the sjieods of the flames in the “ maximum. sjimj 
mixtures, 'rinse are recorded in Table IV. 

Tvi’.ix (V. 


Mt<n\ S pints r. 

>f Flaw in Maximum- 

IVv.v/ 

■ftpfttl M irtur> s i' < 1 


Time, in see 

finds, Ix-twern 



ignition mid 

attainment of 

Mean spi ed ut ilauie ; 

Combust il*le 

maximum pn *s 11 iv . 

‘ in. p< r second. 

gas. 

Oi«serve<l. 

Calculated. 

t 1 1. Calculi. 

Carbon monte.! -i-- 

i;-Hn7o * 


\\u ■: 

: 1 C 0 -- H.. 

iMglh 

it-o2s*J 

Tin 

CO •• H.' 

o-oi*:n» 

oo:*:tu 

12s 4 ;b 

CO ‘U{ ; 

Hydrogen 

0 -ol!»o 

u-oir.N 

0 up.14 

.'ds oil 

* Thr r.t! 

■tll.tie.i i’ll' 

vtiv-- " time l< 

Unas s-v. 

•i- til- e., leul.1t. .1 -en. 

rt IV NpecU 1 

, 2iil cm p-i--. 

Tile agreement 1 

Ml Weell tin 

e calculated 

and the observed dil: 

is exceedinglv close. -bowing 

that the law 

■ of speeds holds e'j’fl 

well for propagate. 

m iif llam»‘ 

within a elo 

sed sphere a< it desi 


the " uniform movement A 

Further information i> obtainable n-sjMM’iing the ajudicability 
the law of s{Mvd< from the work of Hone and Haward [Pm. 
Sor , 1021, 100, l>7) on tin- eomhuMion of mixtures of hydro#!-- 
carbon monoxide, and air at high initial pressures. There i> record^ 
in their paper. for a number of mixtures, the time taken fer tu 
attiinment of maximum pn»ure . we have used these f' 1 - 
our < - dentations, wliieh are given in Table V. From the lY^ult? 
recorded for the Iwo mixtures 211;, j- U 2 4N 3 and l.l- 1 ^ 
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23/1200 + 0 2 -f- 4^2 the “ effective lime” for lie- mixture 
4 - 0, f 4N 2 is found to be 0*038 see. 

Table V. 

ftffieou* C'omfciMftwi a/ High Pn$xur(< (Bone and Jf award), 

0 i )sem w I . Calc.il a ted . 

ltoiinrooal of Kef-iprocal oi 

tiiiif. KelatiVi* lime. Kr-lativc 

Time of Tiiin- ;>jX''(.U of 

Mixture. in see. i tames. in we. flame.-;. 

(1) 2H,+0,+4X, 0-00f> :M0 

2)H 2 : i-C0d-0 2 +4X, ooi r, •;«■« ".»» mi 

i3) •?,Hof3/2CO-f-0*'r4N., 0-014 ♦;«■« im.i1 I :m 

(4) jjHj-!- 7/4CO 0-024 to o-i,2l 47 s 

(4} IHj-i ll/GCO-rOa-j -4X* 0 024 to 0-o:io |i> io ;i:M! imj 24 .p, 

(fl) »H*-f23/12CO : 6, r^ : 0 030 IJ.T.’J ii si:m 

(7) 2r6 i 0 3 ” 4N» ’ 0-180 4-0 

We consider that our results are best explained by the hypothecs 
advanced by Dixon before the British Association in 18-80 to account 
for the fact that a mixture of carefully dried carbonic oxide and 
oxygen would not explode when electric sparks wen- passed through 
it, blit that on the addition of a minute trace of water, or volatile 
substance containing hydrogen, the mixture became inflammable; 
the hypothesis being that the steam acts the part of a '* carrier 
of oxygen ” by undergoing reductions and successive reformations. 

There seems little doubt but that the considerations we have 
advanced regarding the ” effective speed “ of combustion of carbon 
monoxide, which is obtained when more than a certain small pro- 
portion of hydrogen or of water vapour is present, are applicable 
also to the propagation of flame by the detonation-wave. Professor 
Dixon informs ns that the speed of the detonation-wave in mixtures 
of carbon monoxide, hydrogen, and oxygen is such that bv extra- 
polation the value for the *• effective ” speed in the mixture 200 ~-0.> 
is 1740 m. per second; which j< the same tlT.TS in. per second) as 
the speed he obtained when the mixture 200 - u, was saturated 
«ith water vapour at «!«»*, tlic proportion of water vapour then 
present being that which had the optimum effect on the speed of 
the detonation-wave in that mixture. In this connexion it is of 
interest to recall the experiments of Berthelot ('him. Phys., 

lS8l, [v], 28, 289), whereby lie showed that the measured rate of 
the detonation- wave in mixtures of carbon monoxide and oxygen 
alone was about half its theoretical value, whereas when hvdrogon 
was present in the mixture the calculated values were in good 
agreement with those found. 

Department of Fcee, Technoi-uhy, 

SnmiiEj.D University. 


7i4v< n-(7. ribruary 1 4r ^ 
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CXLVI. — The Influence of Nitro-groups on the Reactivity 
of Substituents in the Benzene Nucleus . Part VII . 

Reactions of 2:5- and 4 : 5-Dinitro-m-xylenes . 

By Kathleen Ibbotson and James Kenner. 

Any measure of success which has attended the investigations 
described in this series of papers must be attributed to the adoption 
at the outset of FlurschcinTs theory of alternate weak and strong 
linkages in carbon chains as a basis of explanation. Conversely it 
may be claimed that this or any other theory which suggests the 
existence of such an alternating condition in carbon chains Ls 
supported by the results in question. As, however, there is a 
variety of such theories at the present time, some comparative 
discussion of them in relation to the mobility of substituents in the 
benzene nucleus seems desirable. 

The newer electrical theories agree in attributing the alternating 
effect to successive variations in polarity of the chain of atoms 
composing the molecule, but differ in what may at first seem a 
relatively unimportant point. Thus, according to Fry (” The 
Electronic Conception of Valence,” London, 1921), alternation of 
polarity characterises the molecule at all times, whilst Lapworlh 
(Mem. Manchester Phil. Soc., 1919, C4, iii, 1 ; T., 1922, 121, 410) 
and Kcrmaek and Robinson (T., 1922, 121, 427} assume polarity 
to be developed only when the molecule is in the activated or 
constrained condition in which it lakes pari in chemical reactions. 
Both Lapworth and Robinson have indicated in general terms their 
dissent from Fry s attitude, but have refrained from any more 
specific discussion, tiince it is with the behaviour of the reading 
molecule that chemists are concerned, it might be suggested that a 
differentiation between the two views is at least immaterial, if not 
impossible. Tn our view, this is not so. 

Fry's fundamental assumption that two atoms in combination 
must have opposite electrical charges is negatived by the conception 
of the sharing of electrons, introduced by Stark (Jakrbnch Radio- 
aktU'itat Ekkironik, 1908, 5, 124), and applied by him to all com- 
{KUinds, whether exhibiting electro- or ro- valence, as they are 
termed by Langmuir. According to Langmuir, again, the sharing 
of electrons (covalence) is the usual mode of combination of the 
atoms in organic compounds. On the other hand, since Kossels 
views (Ann. Physik, 1916, 49, 229) accord with the assumptions 
jnadc by Fry, the latter's view cannot be dismissed solely on the 
ground indicated. But its practical value is greatly diminished, if 



GROUPS ON REACTIVITY OP SUBSTITUENTS, ETC. PART VII. 1281 

not entirely removed, by its admission of the possibility of electronic 
tautomensm : J 


+ - 
X . Y 


+ 

~ X.Y 


Since Fry, in common with Lapworth and Robinson, associates the 
behaviour o certain groups with their polarity, uncertainty in this 
respect must render it impossible to use the thenr,, y 
predicting the behaviour of a given compound. Ora^mg, how^r 
he possibility oi such tautomerism in certain compounds, sim S 
distributions of polarity would at least be. expected in c]oK }y Xed 
compounds, such as, for example, 3 : 4- and 2 : S-dinifrotolueneT 


CHJ 


(I) 


NO,, 




+NO, 


\/ 


xo. 


xo. 


(IX.) 


According to Fry's view, the mobility of substituents in the ortho 
or para-position to a mtro-group in the benzene „„„i» . 

the positive character of the nL-gniup The S " 7 
3-nitro-group in 3 : 4-dinitrotoluenc woufd therefore T 
the 4 ; nitro-group is positive, as sho.m in l. R tulj W 
anticipated that a similar distribution of ,K,laritv wilnf 
2 : 3-dinitrotoIuene, as in (II), resulting again in the mobdit 7.1 " 
3-mtro-group. This, however, is not Ihe'ease, » that fS th! 

tk pda, o.-er the non.|x.lar (vleeto.'.-ihariaO 
valency in interpreting the reactions of - r ' • ' once l )aon o f 
the same time, howcve°r, he -"-pounds. At 

reconciled with the non-polar conception if it ! "?"'* 
reacting molecules evhil,;. .v,i i •, , ’ 1 f lx as ®umed that 

-ti. &^&^*rr‘- m ***'**' 

pendently adopted bv Tmu n \ U ’ * U * ls tlie uew fade- 
thcdistrLtioTFhSaSdF f" d Aceonling to it. 

^isconXiXSvS" 1 " T. ' h( ‘ Par,icular " key-atom " 

to be successfully overcome Thu - |K ' ri " ,ts . t,le above dil ™m 
other uncharged molecules ”’i« , ’ "° n ‘ 10niC association with 

straint enumerated by Lapworth (lw r-V VS!?* T** ° f COn ’ 
precisely ^yith flip r^r ■ ‘ - P* and corresponds 

o'* of us has batdW'r i :-F C0,U r; l ; ,Ul fon “ ation "J ,on "bich 
mobile substituents from the her' 1 ° f * K ’ 1 " KKl ° of llls P !accm <'nt of 
referred to ennstituteTrlw , ,mP ' rUS - h> fact ' tb * views 
theory of induced altem»t P t ,' CU . ar ca5r of ,b, ‘ application of the 
duccd alternate polarity. This will be the more apparent 
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when the similarity is observed between the scheme by which 
Lapworth ( loc . til., p. 416} represents the change ensuing upon a 
constraint such that the bond between A 0 and A t is decreased ] JV 
the passing of partial valency to the exterior of the system, 

?• ' t‘ i! 

A, -'ii “ v Aj A, 

X V A, / " A, - A/ 


and that employed in the tirst paper of this series (T., 11H+. 105 
2722) to portray the first effect of the addition of an amine to a 
aromatic nitro-eompmuid (compare also Borscht*. Aanifrtt, H*|j 
386, 3”»0) : 

X X 




H..NK 


This eumparison also i thud rales the elose relationship lictwcei 
Fliirscheim's and the newer theory. Lapworths scheme is readih 
seen to contain an alternation of weak and strong linkages, & 
postulated by Flurschoim, hut differently distributed and in th( 
reacting rather than in the normal molecule, to which Fliirscheiii: 
applied his conception. Apart from this distinction, it would seem 
that the newer theory in such of its applications as are analogous 
to those considered above rather includes than supersedes that of 
Flurscheim. It may be said that each of them leads to the 
conclusion in regard to atoms or groups which, according to the 
former, develop negative polarity, but FKilsoheim's theory doc- 
not enable the reversal to be foreseen whieh occurs in the order uf 
reactivity of. for example, the isomeric mcthoxyhcny.yl bromide?- 
when sodium hydroxide is replaced by hydrogen iodide as the 
reagent employed (Lapworth and Shoesinith. T., 1922, 121. 1301). 

But it will be apparent that the general application <u the theory 
of induced alternate jK)hirity is dependent on a eornvi choice of 
the key-atom, and this is not, subject to a reservation which will 
be indicated, dealt with by the theory as up to the present enun- 
ciated. Xot only, however, has a particular aspeet of the theon 
of induced alternate jxMarity been employed throughout this series 
of papers, but the principles for determining what is now termed 
the *’ key-atom ” in the type of reaction immediately concerned 
have been pointed out. Further, these have been vindicated by 
the experimental evidence subsequently accumulated by HoBemau 
and his collaborators (AVr. Irnr, chim., 191.*), 34, l: 1920, 39,13-i 
480, 730 ; 1921, 40. 07. 451), and also by the observations of Morgan 
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and his eo-workorx (T., 1920, 117, 784; 192J 119 187 ,-, S) 
Thus, the cases* of 2 : 3-dinitrotoiuene (K), 2 : 3-dmitoehkJ: 
hrnzenc (H), 2 : 5-dimtro-l : 3-dichlorobenzcnc (H) 3 • 4 dinilro 
1 : 2 -dichlorobenzene (H), 4 : 5-dinitro-l : 2 : 3-iriehlo’robenzene (If) 
3 : 6 -dinitro-l : 2 : 1-trichlorobcnzene (H), 2 : 3-dinitroamsole P, ’ 
7 : 6 -dinitro-o-chlorotoluene (M), all illustrate Ihe principle that it 
is the stcrically freer of two nitro-groups which takes prut in the 
necessary preliminary compound formation through one of its 0 xvren 
atoms, so that this is the key-atom. Another aspect of this con 
sideration is exemplified by the greater reactivity of 4 G- than of 
2 : 4 -m.dinitroben 7 .ene. In the former ca.se, both nil ro-groups but 
in the latter, only one is available for the preliminary compound 
formation. 

When various nitro-groups are equally or approximated equally 
situated in respect, of stcrie conditions, the mobile substituent is 
fhat favoured by the directive infiuence of the majority of the 
substituents. This directive factor is exactly expressed in 'terms of 
polarity as the " tendency to certain molecular distributions of 
affinity (Lapworlh, loe, cit., p. 42C; Kermack and Robinson, for 
tit., p. 432), and is well illustrated by the ease of 3:4: G-triehloro- 
1 : 2-dinitrobcnzcne previously discussed (Burton and Kenner T 
1922, 121, 4S9). In such a case, an oxvgei: atom of one of the 
immobile nitro-groups is tiie key-atom. 

Of the two factors above considered, it wiil i.e clear from the 
examples quoted that the first is the more powerful. Nevertheless 
h might he expected that a sufficient accumulation of siibstituents 
would enable the directive to overpower the stcrie factor This ji 
actualH- observed in the ease of 2:4: 5-irinitro-m.xvlene jvi 
iBlanksma, Hcc. trav. chi,,,.. 1900. 25. Itisj, in which all the sub- 
stituents favour the mobility of the .7-iiitru-grnnp. but the stcrie 
considerations would suggest that the 2- or 4-nitm-group would 
suiter replacement . It was therefore desirable to examine th- 
benauour of 2 : o-dmitro-m-xylene (Vf) towards mcthvl-alcoholie 
mumornn, stneein this ease the directive iuiluenec of the 4-nitro-group 

°7 bo lack "'g> an <l »*- might be anticipated (hat the stcrie factor 
«-oukl again be in the ascendant. 
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Thc preparation of 2 : 5 -dinitro-m- xylene described by Blanksma 
(loc. cit.) proved to be laborious. Partial reduction of 2:4: 6-tri- 
nitro-m-xylene to 2 : 4-dinitro-6-amino-m-xylene. followed by the 
elimination of the amino -group, seemed a more promising mode of 
obtaining 2 : 4-dinitro-m-xylene, to which Bianksma’s procedure of 
reduction, followed by acetylation, and nitration, could thou he 
applied. Moderate yields of the desired dinitroxylidinc wore i n 
fact obtained, although the properties of the base and of its benzoyl 
derivative differed from those attributed to it by Maltese {(kzztila, 
1909, 39, i, 617), who claimed to have prepared it from 2-nitro- 
benzo-4-m-xylide by nitration. Since, however, our product was 
converted by diazotisation and treatment with alcohol into 2 : 4-cli- 
nitro-w-xvlene, there seems little doubt that Maltese was mistaken 
in the constitution he assigned to his compounds. Another source 
of 2-mtro-4-w-xylidine was opened up by the discovery of Pearman 
(T., 1921, 119, 717) that Noel ting and Collin ( Ber 1884, 17, 265} 
had overlooked the formation of this base with its 6-nitro-isomeride 
during the nitration of 4-wi-xylidine in presence of sulphuric acid. 
We are able to conlirm this statement, although it should be noticed 
that, as Mr. Pearman himself informed us, the figures quoted by 
him as to the proportion of the 2-nitro-dcrivative produced only 
refer to incompletely purified material. 

As a further preliminary to the investigation of the action of 
ammonia on 2 : d-dinitro-m-xylene, the previous preparation of at 
least one of the two possible, but previously unknown, products 
was desirable. This was achieved by the fortunate observation, 
prior to the publication of Pearman s work, that Xoclting and 
Porel (Bcr., 1885, 18, 2679) wore mistaken in stating that the sole 
product of the nitration of 5-m-xylidine is 4 - n i t ro - 5 - /// - x ylidii ie, 
in, p, 54°. In our experiments, this was accompanied by a con* 
siderablc proportion of a less soluble isomeride, in. p. 132", which 
i-oiild scarcely be other than 2-nit ro-~w/*-xvlklino, an inference 
.confirmed by reduction of the new base to the known 2 : o-rtiaiuino- 
m-x ylene {Xoolting and Thesmar, /ier., 1902, 35, 640) : 

Me Me Me > 

,/\ / '\ / \\o., 

\H; .'.Mr XHi M'- V Nil... MU 

NO., 

Me Me 

/ .\0, — > /Nxr, 

Si), ;Mr“ X()J N /Me 

The action of methyl-alcoholic ammonia on 2 : .l-dinitro-w-M^ 
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took place extremely slowly, even at 200°, and the only basic product 
isolated melted at 15S \ It is therefore clear from the foregoing that 
its constitution must be that of a 5-nitro-2-ro-xy Inline, and that in 
this case the steric factor outweighs the opposing directive factor, 
whilst the reverse is true in the case of 2 : 4 : 5-trinitro-m- xylene. 

Similarly, although, as the foregoing discussion would indicate, 
the directive factor determines the behaviour of 4 : 5 : C-trinitro-?«- 
xylenc (VII) (Blanksma, loc. cit .), it is now shown that in 4 : 5-di- 
mtro-M-xylene (VIII) this is not sufficiently powerful to overcome 
the stcric influences, so that in the main the 4-nitro-group is displaced 
by means of ammonia, although some 4-nit ro-.>?w-xyli dine is formed 
at the same time. 


Mb 

Me 

NO./'', 

/\ 

NO.yJ.Mo 

N0 2 ! x/ Imc 

NO, 

X0 2 


[t has previously been remarked that the dinit ro toluenes are less 
reactive than the chlorodinitrobenzems towards ammonia, and it is 
now found that the dinitroxylenes are still less reactive than the 
clijiitrotoluenes, owing to the diminished general negative character 
of the molecule (compare, inter alios, Kenner, T., 1014, 105, 2728; 
Kermack and Kobinson, loc. cii., p. 430). 

This influence of the general character of the molecule on its 
reactivity renders caution necessary in comparing compounds which 
arc not isomeric, but the very much greater mobility of the chlorine 
atoms in 2 : 4-dichloronitro ben zone titan in 1 : 3 : 5-trichlorobenzenc 
(compare Holleman, loc. cit., 1920, 30, 730) may probably safely 
be considered to illustrate the greater efficacy of " non-ionic 
association with other uncharged molecules than of absorption 
of thermal energy ” (Lapworth, loc.. cit.) as a mode of activating 
the molecule. For only the nitro-dcrivative readily forms a 
molecular compound with the reagent. 

The various considerations advanced above also permit a correct 
pr.ig;:j::,tkr»tinn as to which are the most and least reactive members 
of each series of isomcriues examined by Holleman and his 
collaborators. In the simpler eases, this may also be claimed in 
regard to the intermediate members of each scries (compare Kenner 
and Parkin, loc. cit.), but it is not surprising that with the more 
highly substituted compounds it is difficult correctly to evaluate 
the relative effects of the various influences which operate. Further, 
it appears to be too often overlooked that comparisons of different 
compounds by means of experiments on their velocities of reaction 
are only strictly legitimate when the determinations are performed 
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undcr corresponding conditions — using the term with the eon. 
notation attributed to it in the Law of Corresponding States. p or 
this reason, it seems probable that while any expected considerable 
differences will be reliected by such measurements, finer variations 
will not be correctly reproduced. It is possibly for this reason that 
2:3: 5-trichloronitrobenzcne is unexpectedly somewhat less reactive 
than the 2:3: 4-isomcnde, although the 2:4: 0* derivative, as 
would bo anticipated, reacts considerably more readily than 
2 : 4 : 5-triehloronitrobenzene. When a comparison is attempted 
of one derivative with another derived from it by substitution, not 
only is the effect of nou-eorrespniulenec between them likely to bo 
more accentuated, but still further complications arc involved in 
regard to the general character of the molecule. Again, it seems 
at least doubtful whether it can justifiably be assumed that the 
substituents common to two compounds make exactly the same 
contribution to the respective properties of each. I or these reasons, 
it would seem that no very definite conclusion is likely to follow 
from a study of the ratios of reaction velocities ot various compound?, 
and it is not surprising that the values calculated by Hollemanto 
represent the effect of subjecting the molecules of various compounds 
to the same modification by substitution show considerable 
variations. 

K X V i: K IMKN 'V A L. 

Xitration of s-m -Xylidi/H’. 

A solution of the base (5*5 grams) in sulphuric acid (55 grams 
was nitrated at 0" by gradual addition of a mixture of nitric acid 
(2 , 88 grams; <1 1*4) and sulphuric acid (5*77 grams). After two 
linurs, tin* mixture was poured into water and left for twelve hours. 
The solution, after removal of oily matter (0*5 gram), was neutralised 
with ammonia solution, the precipitate immediately formed 
{2 grams) was separated by fractional crystallisation from benzene 
and light petroleum (b. p. 7n SO ) into a less soluble portion 
rpo trains), m. }>. 120 132 , a more soluble portion (0*o gram), 

in. p. v<3 ; , and an oily mixture of the two. A further quantity of 
l litre- base (2*3 grains) separated from the neutralised aqueous solution 
of the two, and was found to lie a mixture from which the two 
bases just referred to could only be separated with much difhcuiu . 

The b;w\ m. p. 50, was characterised as 4 -iiitro-^.wexyliQme 
(Xoelting and Fore!, hr, rit. f quote 5! as the melting point), W 
the preparation of its derivative, m. j). 114 {Found: ^ - 

13*40. C l0 H 12 O 3 X 2 requires X ; 13*10 percent.). 

The less soluble product, finally obtained in the f<*rni of 
rectangular, prismatic crystals, m, p. 132 , was i si mien (■" iti 1C 
4 -nit ro derivative (Found : X 10*SS. require 
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10-87 per cent,), and therefore was i-nitro-s-./n-xylidine. Us <uH„l 
derivative separated from dilute alcohol in orisuis „ i,-',. 
(Vound : N -1411. C 10 H la O 3 N 2 requires \ ^ 13-4(0 per cent ) 
With the object of finding further evidence as to the constitution 
of the base, it was reduced in boding glacial acetic acid solution li- 
the addition of excess of stannous chloride, dissolved in hydrochloric 
acid. The product, isolated in the usual manner, was ideidihcda- 
1 : 3-diainino-m-xylene by its melting point, 101 ", and its colour 
reactions with ferric chloride and with ,-otasdum dirh, ornate 
(compare JNoeltmg and Thesmar, loc. at.). 

The partial rednetion of 2.4: 6-trinit ro-m-xylene with ammoninm 
sulphide has been previously studied by ifiolati and holt, i(j a -,tt„ 
1897, 27, . 296, , but the object of these investigators IZZfZ 
the preparation of ->.nitro-4 : O-diamino-m-xvlene' than of - ■ j r 
aitro-6-ammo-in-xylene. The procedure adopted in the nreseni" 
experiments was basedon that applied by Holloman and B,Lcke 
[Rk trap chm., 189/, 16. 42:,, to 2:4: ^trinitrotoluene. 

A weli-stirrcd suspension of firud v ground trinitrn m v.-i 
(10 grams, in afcohol (20 c.e.) was gradually treated TZ^ZZ 
temperature with a fresh solution of ammonium sulphide (14 c e f 
prepared by saturating ammonia solution (20 n-r cent ) wit ,' 
hydrogen sulphide. The product was , vap,,lted to dn- 0 s i 
once extracted with boiling dilute hydrochloric acid (50ft “ 

dt i d the' hail °" ,K ‘ Ut r IL ' a,i>m " it!l am,)| onia solution 
deposited the base (3 grams in the most favourable earesl in a 

eoudifon sulhciently pure for the preparation of 2 : 4-dimLi,, 

• ycm. By crystallisation from dilute acetic acid it wi h, - , 

X * ll %3 C0 ^' 1 Jj < Q < y n ^ a * < n,< ^ a,1 «? u,ar prisni''nn p 193 (Found*; 

Ti , fcipures .\ ... 10 .» Ju . r allt ) 

le acetyl derivative', prepared bv the- action of acetic- -uihvdrido 
T1 / rtMiimvs X 1C t> jht tvm,!. 

1jHj 3 U s N 3 requires X 1333 per cent.). 

heaCIS 

-rn S ^ ^ i,:: — 

the l )as( . lm ,| u . ' j ," f ; ' lal,1 's- (/or. at. |. according to which 

1 <lt l l '’ aml •*» btw -".'l derivative at 214c is erroneous. 
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Action of Ammonia on 2 : 5-Dinitro-m-xylcne. 

2 : 5 -Din i tro-m - xylene was prepared according to the directions 
of Blanksma ( loc . cit.) from 2-nitro-4-w-xylidinc, the preparation of 
which base has been discussed in the theoretical part of this paper 

In the initial experiment, the di intro-derivative (1 gram) was 
heated with a mixture of ammonia solution (2*3 c.c. ; d 0*S80) and 
methyl alcohol (14 c.c.) for twenty-eight hours at 160 — 21() s 
Methyl alcohol was removed from the resulting solution by distil- 
lation, and the residue extracted with hot concentrated hydrochloric 
acid. Seventy per cent, of slightly impure, unchanged dinitro- 
derivative remained undissolved. The quantity of base precipitated 
by ammonia from the acid extract sufficed for its crystallisation 
from a mixture of benzene and light petroleum, but not for analysis, 
Another experiment was therefore performed in which the dinitro- 
derivativc (0*75 gram) was heated with methyl-alcoholic ammonia 
at 200° for thirty-two hours, until no very noticeable further 
deepening in colour of the solution occurred. Unchanged material 
(0*33 gram) was, however, again recovered, the quantity of basic 
product obtained being 0*20 gram. By crystallisation, this wa.$ 
obtained in orange-yellow needles, in. p. 158°. The base depressed 
the melting point of, but was isomeric with, 2-nitro-s-m-xylidine 
(Found: X — 17*21. C 8 H l0 O 2 X 2 requires X -- 16*87 per cent), 
and therefore was 5-«ifro-2-m-.ryJirfiMC. Its acetyl derivative melted 
at 178°. 

Action of Ammonia on 4 : o-Dinitro-m-.rykne. 

4 : o-Dinitro-m-xylene (3*1)2 grams) was heated with ammonia 
solution (5 c.c. ; d 0*880) and methyl alcohol (27 c.c.) for fourteen 
hours at 10U'. After removal of the methyl alcohol by distillation, 
the basic residue was purified by crystallisation from light petroleum, 
and obtained in red plates, m. p. 67 -OS’, which were identified as 
.“-nitro-4-w-xylidine by direct comparison. The impure base in 
the mother-liquors was then acetylated. After treatment with 
steam to remove a small amount of unchanged diiiitro-m-xylenc. 
the acetyl derivative melted at 171 3 , and was identified as o-nitro- 
l-aceto-m-xylide. By concentration of the aqueous liquors, a smalt 
quantity of material was obtained, m. p., after roorystallisation. 
105 s . This consisted chiefly of 4-nit ro-5-aceto-wJ-xvlide, ?mce it> 
mixture with this compound melted at 105—106’. 


The authors wish to take the opportunity of thanking 
J. W. Leitch & Co., Ltd., and Mr. S. Pearman for the supply o 
some of the materials used in this investigation. 

The Umveuuty, Sum meld. [Received, March td>, ^ A] 
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OXLVII. — Nitro -derivatives of m -Cresol 

By George Phteip Gibson. 

Is carrying out certain other investigations, a considerable quantity 
of 2 -nitrO'W-cresol was required. This compound is not described 
in the literature, but Khotinsky and Jacopsoi 1 - Jacopma n n (Her., 
1909 , 42, 3097) claim to have prepared a crystalline methyl deriv- 
ative melting at 88°. These authors nitrated m-cresol according 
to Staedel's directions (Annalen, 1881, 210, 1259 ; 1883, 217, 5) and 
separated the volatile 2- and 4-nitro-m.-cre.sols by distillation in 
steam. According to Khotinsky and Jacopso i i • Jac opma n n , the 
solid which separated from the cold aqueous distillate was 4-nitro- 
w-creaol,* whilst the aqueous solution contained 2-nitro-m-crcsol ; 
the latter, obtained as an oil by extracting with ether, and treated 
with methyl sulphate and alkali, yielded the crystalline methyl 
derivative melting at 88°. 

An examination of Khotinsky and Jacopson -Jacopma nn’s method 
showed that, although the yields of 4- and G-nitro-m-crcsols were 
satisfactory, that of the supposed 2-nitro-//MTesol was very small; 
this product, moreover, was found to contain 4-nitro-w-eresol 
which is slightly soluble in cold water, and up to the present all 
attempts to prepare from it the crystalline methyl derivative of 
melting point 88° have been unsuccessful. 

As 2-nitro-w-cresol could not be prepared by the above process, 
further experiments were made and it was found that good results 
were obtained by a method similar to that used by Kuuffmann and do 
Pay (fler., 1904, 37, 725) for the conversion of resorcinol into 
2-nitroL , csorcinol. w-Cresol was fu t sulpln mated, the product was 
nitrated, and the resulting nitro-//oeivsul.>uiphomc ac-id.s were 
hydrolysed with superheated steam at IGO— 17U'. The yield of 
the yellow oil tints obtained amounted to 80 per cent, of the 
theoretical, and from it crystalline acetyl, benzoyl, and methyl 
derivative's were prepared, accompanied in each ease by some oily 
by-product. As the methyl derivative melted at 54 ', instead of at 
S8 as stated by Khotinsky and Jacopson-.Tacopmann, and as the 
methyl derivative of 4-nitro-m cresol melts at G2~ (ehw, /oc, CiV.), 
it was necessary to prepare for direct comparison corresponding 
derivatives of the known nitro-w-eresols (4- and 6-iiitro->»-cre?ols). 
it was thus proved that the nit ro-m-c resol obtained as indicated 
above is not identical with either of the known isomerides and is, 
111 fact > as will be shown later, 2-nil m-w -cresol. 

,^ 4 - N ; tr0 ' m ' Creso1 is described in Stelzners “ Lireratur-Redster der 
msc K>n Checnie ’ 1914—15, p. 440, last entry as iivuhyl 3-nitro-2 phenol. 
,, t l. ^ the original paper shows that the vomtHiimd is n-nitro-u-kn^oi, 

is meorrouUy styled by the compiler of the Kvgister. 
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The more important properties of these compounds are given in 
the following table. 


Derivative. 


Sodium. 


Acetyl 


Ilenzovl 


Methyl 


4-Nitro-m-eresol, 

CH a 

1 Jon 
xo 3 

Yellow hexagonal 
plates from 

iienzene. M. | >. 
,70 ; smell of 
o-nif rophonol : 
volatile i» 

steam. 

Rrighl red needles, 
sparingly soluble 
in cold water. 
Large, hexagonal 
tablets. M. p. 
+7 . 

* Keet angular 
prisms. M. p. 

+ Keet angular 
prisms or plates. 
M. p. 02 • No 

smell. 


0-Nitro-?n-eresol, 

CH 3 



Colourless prisms 
from water. M.p. 
J2JF; no smell; 
j ion- volatile in 

steam. 


Yellow plates, spar- 
ingly soluble in 
(Mild water. 

Tough masses of 
lino needles. 
M. p. 34 . 

* Fine needles. 
M. p. 74'. 

f Fine needles. 
M. p. 53 . Char- 
acteristic odour. 


2-Nitro-m-eresol, 

CH 3 



Fern -like vliumbh- 
groups of deep 
yellow needle* 
from petrol. 
M. p. 41 ; s n „.l| 
of o - n it i“o phenol; 
volatile in steam, 

Crimson, extremely 
soluble in c-oll l 
water, 

hong, thick nrnll' s, 
M. p. "hi". 

Felted mass of c-x- 
tremely fi !lc 
needles. M. n, 
79'. 

Large, hexagonal 
plates. M. p, 
‘>4 J . Smell of 
iodoform. 


* Compare H> r.. ISOS, 31, 304. 308; 1002, 35. 1270; 1009. 42, 3100. 
■f Compare A/tfiohn, 10O4, 330. 09. 


In order to determine the orientation of the groups in these thee 
nitro-cnin pounds, the methyl derivative of each was oxidised to th<* 
corresponding nitromethoxybcimne avid, the properties of which 
are known (compare Kieelie, ISS'.l, 22, 23->2). lhc results of 
these experiments showed that the methyl derivatives of the 4- and 
of the 6-nitro-i«-eresol gave the expected acids melting at 208' and 
132“, respectively, and the supposed 2-nitro-w-eresol gave a iiitro- 
methoxybenzoie acid, melting at 250 with decomposition, which ism 
all probability identical with the acid [CO. 1 1 :NO,:OMe - 1:2-4 
'incitin'' at 251 with decomposition. desvrilied by Kieelie (lot. tit.!. 

In order to determine conclusively the structure of the newnitro- 
w-erosol, the compound was transformed into It-metlioxyphtlmli' 
acid liv the following series: of changes : 


CH 3 

( Vo, 

I JOH 


ru. 


NO., 

IllMr 


(Ml, 


ex 

DM. 


'"a 

■ l(lMe 
<’H 3 

/' CO, ,11 

i 'llM'e 


COjH 

/\C0.,H 
I Mle 
\/ 
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The final product melted at 159° and gave an anhydride melting 
at 87°, thus proving its identity with 3-methoxyphthalic acid 
{Jacobson, Ber., 1883, 16, 1965). 

As oily by-products were always obtained in preparing the 
crystalline derivatives from the crude 2 -nitro-m -cresol, the presence 
of an isomeric nitro-m-cresol was suspected. In order to clear up 
this matter, the oily residues from the preparation of the methyl 
derivative were oxidised to the corresponding nitrouiethoxylx-nxoie 
acids and from the product, which melted indefinitely at 215—2-15 , 
4-n itro-m-methoxy benzoic acid, in, p. 208', and 2-nitrcMM-methoxy- 
bcnzoic acid, m . p. 250°, wen? finally isolated. Therefore 4-nitro-m - 
cresol is the impurity in the crude 2-nitro-w-creso! prepared as 
described above. 

The oily by-product from the benzoylation of crude 2-nitro-w. 
cresol was also examined. On reduction, this oil gave a mixture 
from which two compounds were finally obtained in the pure state : 
these compounds melted at 189" and 169', respectively, and were 
identical with the derivatives prepared from pure 2- and 4-nilro-w- 
tolyl benzoates. It is very interesting to note that these products 
are benzoylated amines, whereas the original nitro-compounds are 
benzoylated phenols : the benzoyl group wain It n from the oxygen 
to the nitrogen atom during the reduction : 

CH, CH 3 CIU 

A,XU /\\K, l>f 

• )iH r (y Pil — v I 'fK’OPh • Un 

N/ X/ ' % 0 011 

11 

CH S 

/ X.TTii-OH ^XiK’OPh 

^ /OH : N / ()H 

The benzoyl group in o-nitrophenyl benzoatr undergoes tlu* same 
migration on reduction, possibly in the manner intimated above 
(Hubner, Anmk-n, 1SSI, 210, SS4). This view mvtus to be eonlirmed 
by the fact that in the ease of (bnitro-w-tolyl benzoate, when- such 
ring formation is not to be expected, the normal reduction product, 
a base, is readily obtained {compare J. Amcr. r h< ,w. >W., 1919. 41. 
-008; 1922, 44, 1792; 1923, 45, 469). 


E X P E R I M K X T A L. 

A it ration of m 

To a cold solution of wmtosoI (21*6 c.c.) in fumhn 
SO, ; SO o.c.) a mixture of familiar ■ 


sulphuric acid 
nlphuric acid 
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(6 — 7%S0 s ; 213 c.c.) and nitric acid (9‘3 c.c. of d 1*5) was very 
gradually added. After twenty-four hours, the liquid was diktat 
with water (100 c.c.) and superheated steam passed through the 
heated solution. Below about 145° a little unchanged erosc«l 
distilled, but above this temperature up to 180° nitrocresol passed 
over, leaving a black tar from which no crystalline compound could 
be isolated. The distillate, which was a butter-like emulsion, was 
extracted with other; the extract, on evaporation, gave a yellow 
oil, the weight of which was equal to that of the m-c resol taken. 

2-Xitro-m-cresol . — As the crude nitration product did not 
crystallise readily, it was treated with acetic anhydride and a pure 
acetyl derivative isolated; the latter was then hydrolysed with 
alcoholic sodium hydroxide solution, the alcohol evaporated, and 
the dark-coloured oil which separated on the addition of acid dis- 
tilled in steam. The volatile product solidified readily and separated 
from light petroleum in bright yellow, fern-like, rhombic groups of 
needles melting at 41°. 

With the exception of light petroleum. 2-nitrcw/j-cresol is readily 
soluble in the ordinary organic solvents and its sodium salt forms 
a deep crimson solution in water (bound; C = oo , 0; 11 = 48. 
C 7 H t O :J X requires C -- 54*9; II == 4 0 per cent.). 

2-X itro-m~tohjl Act late. — ' This derivative was obtained by boiling 
the crude nitro-conipound for two hours with an excess of acetic 
anhydride and fractionating the product under reduced pressure 
(lo mm.). The main fraction, collected from IGO 3 to 181T, partly 
solidified, and, when freed from oil with the aid of pomus earthen- 
ware, crystallised from alcohol in long, thick, colourless needles 
melting at 59 : (Found: C .V.m; II - T*S. 1*1 1 require; 
0 - oo4 ; H — 4 bl percent.). 

4-Xitro-m-tolyl acdnle, prepared in a similar manner from the 
4-nitro-tiompouud (Staedd, h>c. cit.), crystallised from alcohol in 
large, hexagonal tablets melting at 4S\ 

■ G-X itro-m-tolyl rnvhrk, prepared from G-nitro-wi-crcsnl (Staedd, 
loc. cit .), crystallised from aleoh-.l in tough, felted of line 

needles melting at 31 . 

These three esters are readily soluble in alcohol, benzene, acetone, 
and the usual organic solvents. 

2-XitrO'iu-tolyl Btny^itc.— The crude benzoyl dcrivathc, vim l 
was obtained by treating the above-described crude nitro -/ h-cun‘ 1 
with benzoyl chloride and alkali and then extracting "ith t the i, 
crystallised readily and was freed from oily impurities by diaiwn-, 
it on porous earthenware. It separated from alcohol in colourless, 
extremely line needles melting at 7!) J and was sparingly soluh.CJii 
alcohol or light petroleum, but easily soluble in benzene, acetone- 
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e thy] acetate, or chloroform (Found: C — 65*8; il ^ 467. 
CnHli 0 4 N requires 0 = 65*4; H — 4’28 per cent.), 'the 4- and 
0 -nitro- ?»*tolyl benzoates (Annalen, 1904, 330, 99) were prepared 
in a similar manner and directly compared with the above benzoyl 
derivative* 

2-Nilro-m4olyl Methyl Ether. 

The crude nitro-m-cresol described above, methylated with alkali 
and methyl sulphate, gave an emulsion when shaken with ether. 
The oilv product was therefore separated by steam distillation and 
extracted. When distilled (15 mm.), it gave first a little m-tolyl 
methyl ether, then a mixture of m-tolyl methyl fcther and 2-nitro-m- 
tolyl methyl ether (120 — 150'), and finally the nitrotolyl methyl 
uther alone (150 — 160°). The two later fractions partly solidified, 
and this product, when freed from oil, separated from alcohol in 
large, yellow, hexagonal plates melting at 54°. This ether has a 
pleasant, characteristic odour similar to that of iodoform, and is 
readily soluble in most of the ordinary solvents (Found : C — 57*8 ; 
H -= 5*55. CgHyOjjK requires C = 57*5; H =-• 5 39 per cent.). 

For the purpose of direct comparison, 4- and 6-nitro-m-cresols 
were submitted to the above process of methvlation, when com- 
pounds were obtained the properties of which corresponded well 
with those described by Focher and Rigaud {Her., 1902. 35, 1259), 
by Reissert (Ber., 1898, 31, 394). and by K hot insky and Jaeopson* 
Jacopmann ( loc . cit.). 

The above results showed that a new nitro-w-cresol had been 
prepared, probably the 2-nitro-derivative. 

Oxidation of 2-Xilro-m-tohjl Methyl Ether . 

2-Xitro- m-tolyl methyl ether was oxidised by boiling dilute 
permanganate; the product crystallised from 50 per cent, aqueous 
alcohol in well-defined needles melting at 25U J with decomposition, 
and was evidently identical with the 2-nit ro-3-methoxy benzoic acid 
prepared by Rieche (foe. fit.). It dissolved freely in acetone, but 
was very sparingly soluble in hot chloroform or water (Found : 
equivalent = 195*6. C 8 li-0-X requires equivalent = 197). 

Conversion of 2- A’ itroan-cresol into 3 - M ethoxy phtha l ic Acid. 
O’Methoxy-o-toluidine. — 2- Nit ro- M-tolyl methyl ether was reduced 
wth iron and boiling dilute aqueous acetic acid, and the resulting 
base, liberated by excess of caustic wula, was distilled in steam and 
isolated by extraction with ether. 3-Methoxy-o-to!uidine was thus 
obtained in almost theoretical quantity: it crystallised from water 
1,1 c <dourless needles melting at 31 and was readily soluble in 
organic solvents, but was only sparingly soluble in cold water. The 
base, if finely powdered, rapidly discoloured in the air, but coloured 
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samples) were readily purified by dist illation (b. p. 124 126 /15 uiiji.j 
T he odour of this compound is very pronounced and resembles that 
of a-naphthylamine to some extent. 

The benzoyl derivative, prepared by the Schotten-Baumam, 
method, crystallised from dilute alcohol in colourless needles meltinrr 
at 137° and was readily soluble in the usual solvents (Found: 
0 = 74*6; H — 6*4 ; X = 5*75. C l6 H 1& 0 2 N requires C - 74-75; 
H = 6*23 ; N = 3S2 per cent.). 

3-Methoxy-O’toluonitrile . — The base just described was diazotised 
and the solution added drop by drop to a well-stirred solution uE 
sodium cupro-cyan^c, heated at S0 J . After distillation in steam, 
the product solid i lied and was crystallised from light petroleum. 
The nitrile was thus obtained in colourless needles melting at tit 
and, with the exception of light petroleum, was readily soluble iu 
organic crystallising media (Found : 0 =73*3; H = 6*24. O 3 lJ 9 0M 
requires C ^ 73*3; if — 6*12 percent.). 

’S-Mctlioxy-o-folutwiidc . — Some little ditlieuity was found in 
hydrolysing this nitrile, probably owing to the presence of the two 
ortho-substituents to the -CX group. The best method seemed 
to be the following. 

The crude nitrile (10 grams) was boiled during sixty hours with 
alcohol (50 c.c.) and caustic soda (10 grams). The alcohol was then 
distilled off, water added to the residue, and the undissolved solid 
separated by filtration. It crystallised from hot water in colourless, 
twig-like needles melting at 137% and was sparingly soluble in 
organic solvents. Yield = 10 grams (Found : ( • • • 05*7 ; H -- 0 96. 
C%H u 0 2 X requires (’ = 63*3; H 6*6 1 per cent,). 

ytanv attempts were made to hydrolyse this amide to the corre- 
sponding acid by the usual methods, and one very interesting result 
was obtained. The amide was Ik died during twenty-four hours 
with concentrated hydrochloric acid, when an oil was observed in 
the condenser. On distillation in steam. SO per cent, of the amide 
was left in the tl.isk unchanged, whilst a colourless oil passed over. 
This product boiled at 177 and was proved to be w-tolvl methyl 
ether by the fact that on oxidation with boiling dilute permanganate 
it gave //.-methoxybenzoie acid, inciting at h>7 . A* 3-methoxv-o- 
toluic acid (see below) does not lose carbon dioxide on boiling with 
concentrated hydrochloric acid, it seems likely that the amide 
group is directly displaced by hydrogen instead of undergoing the 
usual transformation, 4 his curious change is being fuithei in\ c^ti 
gated with a view to discover the course of the reaction. 

'A-Mdhoxy-o-tubnc Add. This acid was finally obtained n 
stirring the amide with a solution of nitrous acid during many hou*j 
The suspension was evaporated lu dryness and the residue cxtiac t 
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WM, warm other. The extract, on evaporation, gave a mixture of 
au.d and amide which was boiled with dilute ammonia After 
cooling, most of the unchanged amide was separated by filtration 
To remove the remaining small proportion of amide, the diver salt 
was precipitated from the neutral solution of the ammonium salt 
and then decomposed by hydrogen sulphide. The filtrate from the 
silver sulphide gave on evaporation a brown, crystalline residue 
which was recrystalliscd twice from light petroleum. 3-.Methoxv-o- 
toluic acid was thus obtained in colourless leaflets meltin'-/ at It ’ ■ 
it was readily soluble in alcohol or acetone, Imt insoluble in net,' i' 
emu, benzene, or chloroform (Found: (! H 

equivalent = 165-8, 165-7. C„H !0 0 3 requires 0 J 65 i ; j]7 
percent.; equivalent — I GO). 

The above acid, dissolved in dilute sodium carbonate, was healed 
"‘‘I 1 thothcorct «f 1 amount of permanganate on a warm water 
hath. When oxidatum was complete, the filtered solution was 
evaporated to dryness and extracted with warm ether Tin- 
residue from the ethereal solution sublimed easilv iu colourless 
needies, in. p 8 ,°, of the anhydride of S-methoxyphthalie acid 
On boiling this compound with water and allowing the solu ion 
to coo , prisms of d-methoxyphthalie acid were obtained melt n 
at lo9 . Jacobson (Bcr., 18,83, 16. 1965) gives S7 ; and 160= .7.6° 
^ and the acid, «£,?, 

H=^’pert;^fiX^r 96T ’ Calc - c:=5 - H5: 

Examination of tin Oil,/ ltg.pn>l«ct* 

^ich rs rd y :,v' thcr: 

s ;t p rr m ' c - 

quantity of the crystalline methvl derivative (m ‘1?=! a , SmaU 
separated Thi. ™h. ... .i ■ UM,m I 1 "-!'- o4 ). which was 

boiling dfiute peines ;! tlun . ™<hscd with 

acidified. The crude civ tali' an<l t,u ’ S(1, ’ition 

when extracted w h W , m ‘ ' M fro ™ to 245 ; 
obtained bv recry-stallisine fi ' ° r0f0lm - a - P;m and "as 

at 208° Thh l g / " ater ln "no, silky needles meltin* 
i0ent!ei\4 heST "T, 4 ui ‘~*'-^-e.,zoic acid! 
The acid , „ t l 1 TT . r0,U 4 nUro -"" tol .' i ,,u ‘tbyl ether. 

30 Pa cin aou n '1 H ’"" lg from 

230° with deeo i n r C ' , "<«>'« melting at ' 

compos, t,ou and was proved to In- identical with 
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2-nitro-m-methoxy benzoic acid, obtained by the oxidation „f 
2-nitro-w-tolyl methyl ether (p. 1273). 

To confirm the above results, which showed that the only impurity 
in the crude nitration product was 4-nitro-m*cresol, the oily by- 
products from the crystalline benzoyl derivative (p. 1272) were sui}. 
mitted to reduction in order to convert them into substances 0 f 
high melting points which could then be moro fully examined 
For this purpose the oil was reduced with iron in boiling dilute acetic 
acid, and the liquid neutralised with sodium hydrogen carbonate 
(which gave a less flocculent precipitate than sodium carbonate or 
hydroxide). The iron residue was removed and the dried powder 
extracted with warm ether. The extract, when concentrated, 
gave a crystalline deposit of very indefinite melting point (150— 
185°) ; when this product was rccrvstalliscd from a mixture of 
acetone (1 volume) and light petroleum (5 volumes), it gave long, 
spear-like needles and a crust of small, rhombic plates. The needles 
were easily picked out and when recrystallised from a little ethyl 
acetate melted sharply at 1G9 3 . The plates were again crystallised 
from light petroleum and acetone, and now they melted at 189\ 
The two compounds were identical with the derivatives prepared 
as described later from 4-nitro-/a-toIyl benzoate and 2-nitro-m-tolrl 
benzoate, respectively. 

"S-BeiKoyl-’l-Qin ino-m-cresol . — Pure crystalline 2-nit nww-tolyl 
benzoate (p. 1272) was treated with iron and dilute acetic acid as 
described above; the sole product in this case was the compound 
which crystallised in rhombic plates melting at 189 5 . This benzoyl 
derivative was readily soluble in dilute alkali, usually giving a pale 
green solution which, with a diazo-solution, readily yielded a yellow 
azo-compound; with more concentrated alkali, the sodium salt 
was precipitated in very fine needles. 

With the exception of acetone, alcohol, and ethyl acetate, this 
phenol is sparingly soluble in organic solvents and may be crystal- 
lised from benzene or a mixture of acetone and light petroleum 
(Found : C = 7 31); H — 5' 79; 2s -- OtJo. requires 

C 74 0; H = 5 73; X - 017 per cent.). 

X-Benzoyl-i-awiiiO'ni-crttsul. -t-Xitro-w-tolyl benzoate (p. 1-73) 
was reduced under the conditions described above, ihe product 
crystallised in spear-like needles from a mixture of acetone and 
light petroleum and melted at 160 . The sodium salt, azo-derhatiuj 
and solubilities are very similar to those described for A-benwn- 
2-aniino-wecresol. 

6-.1 ttiino-iu-tulyl IfcnzoaO’.. 0-N it ro-m-tolyl benzoate (p- , 

was reduced with iron and acetic acid in the manner a ea ) 
described and the product extracted with ether from theprccipita 
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hydroxides of iron. The extract had a bright red colour and gave 
oil evaporation a crystalline residue, which was reerystailised from 
light petroleum with the addition of animal charcoal. The crystals 
thus obtained were colourless needles melting at 92°. This base 
was soluble in ordinary solvents except light petroleum and could 
be obtained in large, hexagonal tablets by the spontaneous evapor- 
ation of its solution in acetone. On exposure to the air, a slight 
pink colour usually appeared, which deepened continuously, probably 
owing to atmospheric oxidation, and could only be removed by 
repeated crystallisation or by distillation in a vacuum (b. p. 
220'/ 1 2 mm.) (Found: 0 = 74-0; 11 = 58; N = 0*37. C It H 1; .0,X 
requires 0 = 74*0; 11 — 5*73; N --= 0*17 percent.). 

Its hydrochloride was prepared by dissolving the base in dry ether 
and passing dry hydrogen chloride, when a while precipitate 
rapidly formed. On filtering and drying the salt, a colourless 
powder was obtained which was readily soluble in water (Found : 
Cl = 13*39. 0 U H 13 0,X,HC1 retpiires Cl = 1318 per cent.). 

In conclusion, the author wishes to express his gratitude to the 
Department of Scientific and Industrial Research fora maintenance 
grant which allowed him to carry out the above work, and to 
Professor Kipping, F.R.S., for many helpful suggestions and kindly 
criticisms. 

PxiVERSlTV C'OT.tEOK, 

XurmGHAU. RcoArv.l, F'hrwj 20 tit, 1H23.] 


( XLV1I1. — The Structure of Sue rout. 

By Max Bkjuiaiann. 

Ihe formula of sucrose that has been almost generally accepted 
in recent years displays an ethylene-oxide ring in the fructose 
portion of the molecule, this structure* having been assigned by 
Haworth and Law on the ground that octamcthyl sucrose, when 
hydrolysed, yields a tctraniethy] fructose which reduces per- 
manganate as does ethylene oxide. Later, Haworth oxidised this 
It tram c thy I fructose with nitric acid and obtained the himolecular 
wmilactide of irimethvlnted tetrahydroxyvaierie acid, the free 
hydroxy] group of which was supposul to he in the a-porition to 
tie carboxyl. He therefore attributed the ethylene-oxide formula 
Do sucrose and rejected other formula', such ‘as the one with a 
- • 0-oxide ring. 

1 lia\e recently studied a number of glueoside-like ryrioacetals 
} tydroxy-aldeiiydes and -ketones, the oxide rum of which does 
vol. exxm. w v v 
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not show the 1 : 4-structure. Having doubted for a long 
the ethylene-oxidic structure of sucrose, I was especially interested 
in the study of 8-aeetyl-tt- butyl alcohol (I) and S-hydroxy-8-aeetyLji. 
butyl alcohol (IT), in both of which the carbonyl group is in the same 
position as it is in fructose. It was no accident that the work was 
started with the mcthyln/doaectal of acetylbutyl alcohol, that is 
with a substance which can have no other oxide ring than a 2 : G-ring 
(Bergmann and Mickclcy, Bcr., 1021. 54, [B], 2157; 1022, 55 
[B], 1390). 

Ik) HUiai.,] 4 -CU-CH a or CHrCH.yC U a *0 H 3 *C (OH ) *CH a . 

LJ — o — 

HO»|CH.,l 3 d , H(OH)-CU-l , H a or CH,d , H./OH,‘HH(OH)-C(OHHiH 

tin. - Li— o— 1 J ' 

i! 5 4 3 2 j 

iiie result of these studies as far as it eonrerns the structure of 
sucrose was published in the following words, with particular 
reference to the views of Haworth : 

" Die Eiynhschnfini dos ncuot Acrtofnitiflalkohol-hatftacfluh ztim 
nunmfkr, daw Hi? tm liohnuckcr fittgcxidHr. kkhtr HpiilibavbM 
kthiMN'njn auMehUrttilich wit dnni t iithyhnoxi/dartig* n Rinpi^lm 
zmammr.ttzuhnntjni bnmcht t m mdern (inch bci Kitoxirtni andmr 
Struliur auffritt . Da/u komtnl noch, dass smvohl tier Acetobutvl- 
alkohol wio sein Halbaeetal IVriuaiiganat leieht cntfiirhen, audiin 
neutraler Ldsung. Fur den Kohrzuckcr ergibt sieh hicraus, da& 
seine Formel in Be/.ug auf die Struktur des FruktoseresU’s erneut 
unsieher geworden ist und auf anderer (rrundlage, als es bishor 
versueht wurde, m u bestinnnt worsen muss. Wir fiihren selbst 
dahingehonde \ Vrsuchc aus. 

We stated that the structure of ruflinosc, imiliiu kevulosan. hjk! 
similar substances which wen* hitherto supjkiscd to he of the 
ethylene-oxide type in the fructose portion of the molecule must 
also be redetermined. 

In conjunction with l)r. Krieh (Wrens. 1 began the study uf 
sucrose a year ago. We obtained from methylated sucrose n 
compound, ( , fi II ft O(<M'H a ) | . which is derived from the fructose 
portion of mhto.-c and contains four methoxyl groups. This com- 
pound is unsaturated, and t ho dark red coloration developed with 
fuming hydrochloric mid proves that the oxide ring is present w* 

5- or 6-ring. We w ere unable to proceed with tills work for many 
months, and therefore could not give accurate and complete results. 

1 note with pleasure that (*rof. Haworth (this vol., pp- 
IJUl) agrees with me in doubting t hr correctness of the ethylene 
oxkiic structure of sucrose, after having succeeded, together i' 1 
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Jinnel, in converting the tctramethyl fructose derived from methyl* 
ated sucrose into trimethoxyglutaric acid, the three methyl groups 
of which must have been united to the carbon atoms 3, 4, and 5 
in the fructose portion of the methylated sugar. This means that 
an ethylene-oxide ring joining the atoms 2 and 3 cannot exist. 

As our former deductions concerning the structure of sucrose 
may well have remained unknown to many fellow- workers — Prof. 
Haworth and Mr. Linnel apparently had no knowledge of them —it 
may be fitting to publish this brief notice. 

Kaiser Wilhelm In strut pur Lkdeiuoilscirxo, 

Dresden. [AVmY'v/, April 4th, ltwa.J 


(J\LI X. — The Action of T hi wul pil'd* * on ('nitric Sails. 

By Henry Bassett and Kkkinalo (Jkajja.m Duirant. 

The following investigation arose out of an observation of the 
late Henry Bassett, senior, that the filtrate from cuprous sulphide, 
precipitated by adding sodium thiosulphate to a hot acid solution 
of a cupric salt, contained a considerable quantity of pcntathionic 
acid. 

A considerable amount of work has been done on the interaction 
of sodium thiosulphate and metallic salts, especially by Vortmann. 
who {Monatxk.y 1 886, 7. 418) projmsed to use this thiosulphate 
instead of hydrogen sulphide as a laboratory reagent, since copper, 
mercuric, and bismuth salts together with the chlorides of 
antimony, arsenic, and tin «rc converted into sulphides when 
warmed with excess of thiosulphate in acid solution. 

The present communication is concerned with copper only. The 
reactions involved in this case are of particular interest, because 
they furnish an excellent method for precipitating copper quanti- 
tatively as cuprous sulphide and of separating it from cadmium 
and zinc and from other metals of analytical group IV. As a 
rule, a more perfect separation ls obtainable than with hydrogen 
sulphide. The method is described in several text-books (Classen, 
“ Ausgcwiihlte Mcthoden der Analytisehen ('hemic/ 1901, I, 73; 
Beringer, “Text-book of Assaying," 10th ed.. 190t>, p. 183; 
ircseniu.% Quantitative Analysis." 7th English ed.. ISTth p. 4o9. 
whore early references to the method are given). 

The reduction of copper to the cuprous condition is accompanied 
;hy oxidation of thiosulphate to tctrathioiiate. This was shown by 
|hammelsberg (Pngg, Ann., 1842, 56. 321) in the case of potassium 
(thiosulphate, and by Zcttnuw (X. anal. Chan., 18t>7. 6. 438) in the 
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case of the sodium salt. According to von Kencsso {Jkr., 1877, 

10, 1082), the reaction is as follows : 

2CuS 0 4 4- 3NaJ8 2 0 3 = 0u 2 S 2 0 3 + Na 2 S 4 O fi -f 2Na 2 K() 4 . 
Vortmaim (Monateh., 1 888, 9, 105) stated that sulphuric acid i.s 
not produced as hud been asserted independently by bievert. 

Jwn., 1842, 56, 321) and Kessel (Bcr. t 1877, 10, 1077, 2000; 1878, 

11, 1581). A one of these workers appears to have made quanti- 
tative determinations of the tetrathionate which is produced. C. 
and 1. Bhaduri [Z. anonj. C'Acwi., 1898, 17, 1) refer to Wtmann 
(loi\ d/„ 1888), who obtained a bright yellow, crystalline salt to 
which he assigned the formula 3l\i 2 S 2 0 3 ,2Na 2 b 2 0 3 ,8H 2 0 f and they 
irive the following reaction as occurring when this salt is boated: 


3Cu.»S 2 0 3 ,2X a 2 S 2 U 3 ,8 1 i JJ - 

ol'u 2 S -i- 2Na 2 S(> 1 i H..SO.I 1 2S ; 2SO, • 7H/I. 
We have arrived at this reaction from our bright yellow salt, which 
contains 0 instead of 8 molecules of water, and have found tlmt the 
relative formula- weights of cuprous sulphide, sulphur, and sulplnniv 
add are exactly a>~3 : 2 : 1. We have also made a quantitative 
determination of the amount of tetrathionate produced (luring the 
formation of the white salt, Xa a S 2 O ai Cu^S a O a> H 2 O l and iind that 
it tallies with that required for the reaction 


2CuC 1 2 -r 4Na 2 S 2 0 3 - r H a O 

Xa 2 S 2 O 3 .Cu 2 S 2 () 3 ,lh,0 r XaoS 4 0 6 : 4-Null 

in which no sulphuric add is produced. 

Any sulphuric add which may have been found by Sicvm and 
Kessel was probably due to partial decomposition of one of the 
double salts. Von Kcimssc’s reaction would suggest that cuprous 
thiosulphate is actually produced, t»ut our work lias shown that 
double salts are immediately formed and that cuprous thiosulphate 
itself, if it exists at all. U exceedingly unstable. 

Investigation of the sodium cuprous thiosulphates funned in 
the reaction has thrown some interesting sidelights on other sodiuiu 


cuprous double saltN. 

When A-sulu tinn.'i of cupric c 
mixed with A - or 2 A -'oiutions of s 


iloridc, sulphate, or nitrate are 
t >< liuiti thi« .sulphate in pruporiions 


to satisfy the equation 


4Xa.,S.,( - 21/u.V, ■ NaA'uj: 


N.iS,O f , ; 4XaA, 

n yellow .solution is [iiikIu-oI .ii iM.stt s l ' ll -' lil 

prismatic crystals at the ordinary lt-mp< talun . Il,s ■ * urillU l a 
in the ea.~e of en^n r nitrate eorivs|K.n.ls esaelly «■ 1 , l ^ 
L’Na 2 S,<) 3 .:iCu.S. > O ; ,.0ll 2 n. Wien |Te|.a.eU from ‘"I" 11 
solufion. the yellow Unuhlr thiosulfate lirs. lonm,l 
into a white salt, the ehanjte lieinj? n,tn|.lete m a lf» '• ^ 
white salt is crystalline (|Wi.'in.-) ami i»-rf«-tl\ 
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the microscope, but always contains a considerable quantity of 
chloride. The analytical figures agree perfectly with a compound 
containing varying amounts of isomorphous 
^agOugCl^HgO in solid solution, ibis particular complex cuprous 
chloride does not appear to have been prepared, although a number 
of others have been (see Abcgg’s “ Handbuch," HK) 8 , II, i, 55 ()}. 
The amount of chloride present in tlie.-e preparations is always 
greater than the amount of sulphate which in similar circumstances 
appears in the yellow salt obtained from copper sulphate. It is 
less in presence of free hydrochloric acid than in its absence. These 
are both results which might be expected. It is well known that 
solid cuprous sulphate cannot exist in presmve of water, as 
it breaks up into cupric sulphate and metallic copper. As the 
;i neutral part of a complex ion, it is more stable and the oppor- 
tunity of entering into solid solution in the double thiosulphate 
would still further protect it. No double cuprous sulphates appear 
to have been actually prepared, but it seems clear that they are 
capable of existence under favourable conditions. The existence 
of complex cuprous sulphate-ions in aqueous solution has been 
proved by Abel (Z. anory. Cbm .. 10 f»J , 26. 

Double nitrates practically only exist when one of the consti- 
tuent metals is tervalcnt: hence the freedom from contaminating 
nitrate in the double thiosulphate prepared from cupric nitrate is 
not surprising. Jhe tetnithinnate binned in the reaction might 
have had some tendency to form similar solid solutions to the 
abou*. hut no evidence for this has been found, although specially 
looked for. 

Hie for mat ion of solid solutions of podium cuprous chloride in 
sodium cuprous thiosulphate is of inteiwt in coum-xioii with (lie 
(•(impounds (kiX.XHjX.-KNMp.SdyX ri.IJr.I.CXS) obtained by 
Rosenheim and Steinhauser (Z. tutonj. <%m.. Won. 25. In;}) by the 
action of saturated solutions of ammonium thiosulphate on cuprous 
chloride, etc. (see also Canneri and Luchini. CaystUt. Ifi 22 . 52, 
ii, - 01 , for similar sodium compound.'). 

Ihe following list of double cuprous thiosulphates, with refer* 
cnees, is given by Vortnuum (/or. r< 7 ., Isssj : 

(1) Bright yellow salt, first obtained by von Hauer {Silzumjsbr. 

; ^ M lelt > 1'8o 4, [ii], 13, 443 ) and erroneously considered 

1 l! - jl 2 ^ 3 >**H 2 SU.j. j his undoubtedly is the same salt to which 
ort inann assigns the formula 2Xa„S.’u.,.3( , u.>S. > 0 3 .NH.>0. ( 2 ) A 
"lino salt obtained by Kiiwl (f fsw. 9 . 333 ) from 

( uh !' ,ridc furmilla Xa.S.t l..( 'u,S,( I [.(). ir,. does not 

„ ll <Cdls °f preparation or analysis. (3) A pale greenish- 
F 8,111 of very small nrisms. obtained bv Vorfc 
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mann from copper sulphate — formula Na 2 S 2 O 3 ,Cu 2 S 2 O 3 ,3H 2 0. 
(4) 2Na 2 S.>0 3 ,Cu 2 S 2 0 3 ,4Ho () . (5) 2Na 2 S 2 0 3 ,Cu 2 S 2 0 3 /2H 2 0. (6 } 

3Na,SoO 3) 0u 2 S 2 O 3 ;2H 2 0. (7) 4Na 2 S s 0 3 ,Cu 2 S 3 0 3 ,6H 2 0. Apparently 
Lcnz \Annalen, 1841, 40, 09), Rammelsberg, Russel, Joohun 
(Inaug. Diss. Berlin , 1885), and Vortmann agree as to the existence 
of the last four. C. and I. Bhaduri {loc. cit .) quote all these and 
three more double salts. 

We have confirmed the existence of the first three salts. Wo 
find (1) contains only 0 molecules of water, (2) is always cemtamin. 
ated with chloride, whilst (3) agrees in every particular with 
Vortinanns description and analysis. 

We have reason to believe that several of the other salts are 
merely mixtures, and are hoping soon to complete our study of the 
system ^Na 2 S 2 0 3 — (. 

The mother- liquors from the preparations of double thiosulphates 
always contain excess of thiosulphate in addition to sodium tdra- 
thionate and nitrate (chloride or sulphate), and some copper is still 
present in solution. This was the case in all exjx*rimcnts made 
with varying pro port ions and concentrations of the reactants. 
Some atmospheric oxidation of cuprous copper appears to occur 
during the reaction, hut as long as sodium thiosulphate is in excess 
the cupric copper will he again reduced. 

In all experiments in which acid was used there was strong 
evidence of the formation of pmtathionic acid. This was traced 
to the action of mineral acid liberating sulphur from sodium thio- 
sulphate. Some of this sulphur unites with the t dm thionate 
present. IVntathionie acid is very stable in presence of hydrogen- 


ions. 

We are endeavouring to prepare double pcntalhionates starting 
with concentrated solutions of ruprie nitrate ami ammonium thio- 
sulphate. When these solutions are mixed, a light yellow liquor 
is formed from which a bright yellow salt separates. This very 
rapidly changes to a white, crystalline salt haring the formula 

3(XH4) a S 4 <) 3 *4 V A- H/). . 

All tile ai»ove double thiosulphates are decomposed by miners 
acids, slowly in the cold, more quickly oti warming, with formation 
of cuprous sulphide, sulphur, sulphurous and sulphuric acids. 
When using thiosulphate for precipitating cop^r 
as cuprous sulphide, the sodium thiosulphate is usually adcle 
the hot acid solution containing copper, and the formation 
the decoin jMtsit ion of the sodium cuprous thiosulphate o 
practically simultaneously. The filtrate from the preeipi t* 
cuprous sulphide and sulphur mil tains large ainoun s > • 

thionutes, mainly pentathionate, hut jiossihly some una c‘ 
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thionatc as well If other metals are to be estimated, it fa f„, 
quently advrnb e first to remove these polythionates by' com 
centratmg the filtrate, adding strong nitric acid, and filterL ff 
the liberated sulphur after digesting the mixture for some tint 
as to render the sulphur capable of filtration If (his i„ nrt , 
sulphur will be liberated from the pentathionate on add tion' rf 
ammonia, and this may cause trouble. 

Those who have had much experience in this method of senar 
adng copper will have noticed that a trace of eop^r fa f r( . quc .„ v 
left in solution, although its amount is usually far too mi, ute to 
be o any consequence We have found that this occurs mo t 
readily from chloride solutions, less readily from sulphate, and no 
at all with nitric ac-id solutions, provided too much acid is nr 
present. The explanation is to he sought in the tendency to for,, 
complex cuprous chlorides or sulphates. These cannot decomno e 
to give cuprous sulphide; only the complex cuprous thiosulpCe 
can do that At any moment there will be some sort of equilibrium 
in the solution between the complex cuprous thiosulphates and 
chloride or sulphate. As the former decomposes and nL. > 
thiosulphate is added, the amount of complex cuprous ehlonrie'or 
sulphate remaining the solution will rapidly diminish, but a 
trace will probably remain. Comparative experiments have h 

"» » L » .1.1. SK-sSc 

copper is sulphuric acid- because nitric add, if above half-normal 

“tT ~ » when the solu™ 

K at the boiling pant, whereas sulphuric acid, if used in consider 

•/. w™ CjJ'rUM 

H}jdnxhhrir {rid J 

aSl-ifr- f «*r* - '^.i» i. a. 

Buchner funnel w i bed \i * *'r \ U '' ' l * rlune( * through a 
a Wried (Found ' Kn - *' i,h ttkM ’ 1111(1 

uf Na,(Ju o (S'.,0,) HO ' I,,' 'V v n '" ,: S -' :!() 
IWSi'c;--#?. 0 ,. 4 of Na 2 (ll /I 4 .H,0 requires X a =, 

the presence of n I.L.1 P" t-'hlorine and water. 

The prismatic erv , T P ' W " <1 Mualh-tivoly. were no, estimated. 

• Vstal ' s ' eXrtniu, «'*l tht‘ miorosc-opo, wrr p 
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seen to be colourless and homogeneous. In these and in >su ^ So 
quent experiments copper was precipitated as cuprous sulphide 
by warming with sulphuric acid and was weighed either us sucli 
or after ignition to oxide; the sulphur was estimated as barium 
sulphate, thiosulphate by iodine titration, and sodium as sulpha 
in a platinum dish. Tu every ease, except with the double thi 0 . 
sulphates prepared from cupric nitrate, it was found that a small 
amount of copper remained with the fused sodium sulphate. This 
was estimated and allowed for. 

Action of Sodium Thiosulphate on Cupric (.blonde. in . \ b«< hcp oj 
Acid. 

Normal solutions were mixed in the volume proportions 

Na.S.O.j : CuCL : : 2 : 1 

and left at room temperature. A bright yellow precipitate soon 
separated, hut this disappeared within two days, giving place to 
white crystals. After five days, the white dcjjosit became slightly 
blue on the surface owing to atmospheric oxidation. This -mail 
blue portion having been removed, the remainder was washed with 
water and with alcohol and dried in the air (Found : Xa - IhVi; 
Cu — - 31-8!»: 8.,0 3 44'tMi; 01 ----- 742 ; 1IJ ) (by difT.) 4*4S. 

S2‘b°u of XaXiMS.O^.KoO : 174 of NmJ'uJ’IjJU) j-eijuiiw 
Xa =11*00; Cu' - :U *40 ; S4L 14 v>S ; (1 742; 1U) - 14> 

per cent ). 

Owing to the fact that the salt is deeoinjKVcd at tempmiurw 
below It K » , a direct estimation of the water was nut made. F l be 
salt, when heated in a hard glass tube, after di-charging water, 
sulphur dioxide, and exec.-s «»f sulphur as vapour, left a residue 
(7.V2S per cent.) consisting chiellv of sodium sulphate and on [irmis 
sulphide hut containing also sodium ehlorido. If the whole of the 
copper from Na ,( 'u ,< is coma it ml into cuprous sulphide, the 

reddue hv llu-rv should he 744:) per rent.; if tmiie ..f it h a 
converted, the residue should he 7b4!» per ui.t- if half ef it is 
converted, the residue should he 7.v:»i JHT cent. 

The fact. previously noted, that eopjwT is found in the fused 
sodium sulphate (after treatment with acid and jm cipitatum d 
cuprous sulphide) is explained by supposing that t his dome 
chloride escapes complete conversion into cuprous sulphide. 

Examination oj th< Filtrab font* the Whit* Snlt. - 1‘ ift> e.(. o 
A-euprio clilnridc were left for six days with loo r.e. of ^ 
thiosulphate, and the whole of the nitrate was then o-lh-H 
(i;jti e.e. without wash water). 'Hu* c<>p|MT in the pit a ljata o 
the wash water, and in aliquot portions of the tdtrate w*i> ^ ‘ 
ated, the results agreeing well with the known weight mt a <> r 
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solution. Five estimations were made each with 10 c.c. of the 
filtrate, giving sulphur (as thiosulphate) 00020, sulphur (total) 
0-2054, copper 0*0488, chlorine 0* 1077, and sodium 0*1477 gram. 

Assuming chlorine to be present <%s cuprous chloride and sodium 
chloride, and sodium as sodium chloride, sodium thiosulphate, and 
sodium tetrathionate, those figures show that the amounts of 
sodium and of sulphur in excess of 1ho.se required to produce the 
cuprous chloride, sodium chloride-, and sodium thiosulphate are 
O'Ooll gram and 0*1434 gram, respectively. The theoretical ratio 
for sodium tetrathionate is 0 0511 of sodium to 0*1422 of sulphur. 
This affords evidence for the fundamental reaction : 

4Xa 2 S 2 0 3 % 2CuOJ, -- + ^a,S 4 O 0 f 4NaCl. 

Further evidence was obtained by preparing the salt Xa : ,S 4 0 c ,2H 2 0 
and comparing its properties with those of filtrates from double 
sodium copper thiosulphate precipitates. 

The actual amount of sodium tetrathionate produced from a 
mixture of 50 c.c. of .V- cupric chloride and 50 c.c. of sodium 
thiosulphate was estimated by Kurtenaoker and Fritsch's method 
(Z. auorg. Chew., 1021, 117, 202), using standard potassium cyanide, 
whereby tetrathionate is reconverted into thiosulphate. The 
results confirmed our suspicion that oxidation by air and subse- 
quent reduction of the copper by thiosulphate take place, since 
the ratio of tetrathionate to copper was found to be higher than 
would have been the case if such alternating action had not occurred. 
In the examination of the above filtrate it was proved that one- 
quarter of the copper originally taken had been subjected to this 
alternating action, since the total copper corresponded to 1*6 as 
compared with 2 grams of tetrathionate sulphur found. 

Examination of the Temporary Yellow Precipitate .-- This examin- 
ation was made after establishing the formula of the permanent 
yellow precipitates formed when copper sulphate and copper 
nitrate arc used. The precipitate formed by mixing 50 c.c. of 
Y-euprie chloride with 50 c.c. of 2A’-sodium thiosulphate was 
collected after standing for live hours, drained with suction, washed 
vith water and with alcohol, and air-dried as in all other similar 
jreparations [Found: Cu — 31-74: S 2 0 3 -- 47*23; Cl — 2*26 ; 
'csidue on heating — bit* I It. 70”,, of the yellow salt 
(2 Xa 2 S 2 O a . 3Ci i oSA > a . 0 1 lot) ) ~ 

10% of the white salt (analysis given above ; 17*4 7 double chloride) 
squires Cu - 32*84 ; SAt, - 47*72 ; ('1- 2*23; residue after 
heating ~ 59*27 per cent.]. 

Portions of this precipitate, examined under the microscope, 
tvere seen to consist, of a mixture of yellow and white crystals. 

It is evident that the change from the yellow to the white salt 

x x* 
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begins to take place at an early stage, although the yellow colour 
requires about two days to disappear completely. Earlier attempts 
to prepare white salts when using copper sulphate and copper 
nitrate were unsuccessful, but if 2 A- copper nitrate is mixed with 
4A T - thiosulphate, Vortinann s pale yellow salt, 
Na 2 S 2 () 3 ,0u 2 8 2 O 3 ,3H 2 O, 
will be produced at room temperature. 

Action of Sodium Thiosulphate on ('upper Sulphide. 

One hundred c.c. of A-sodium thiosulphate, mixed with .XI ce 
of A T -copper sulphate, gradually deposited yellow crystals for eight 
da vs. The yield was oil per cent., that is, 47 jkt cent, uf % 
copper nnu ained in the filtrate — and the ratio of thiosulphate in 
this tilt rate to that from the white salt was 3 : 2. The air-dried 
yellow crystals were seen under the microscope to he perfectly 
homogeneous [Found: Xa 8*20; Cu 33*46; S (as 8 2 0 3 ) ~ 
26-oS; S (as 8<) t ) — 0-66; S (total) — 27-24 : residue after heat- 
ing „ 67*22. 63°, , of 2Na.,S 2 () 3 .;)( , u 2 S 2 0 3 .(iH 2 () -}- 7 l, „ of 
2Xa J S(> 4 jl(‘u 2 S0‘,(iH 2 (r 

requires Xa S*13: Cu - 33*71: S (total) ■- 27*16: residue after 
heating ~ 67-02 per eent.J. 

Action of Sodium Thiosulphate on ('upper Sitmte. 

One hundred e.e. of A’ -sodium thiosulphate, mixed with X) c.e. of 
A'- copper nitrate, deposited yellow crystals as in the last case, but 
here no nitrate could be detected in the yellow salt either by brucine 
or bv other tests (Found : Xa = N-(H>; Cu 33*28; 8 — 27-86 : 
residue after heating ... 67*41. 2Na 2 8 2 (VU , u 2 S 2 () 3 ,6H 2 0 requires 

Xa — 8-00; Cu 33*36 : S 28-04; residue after heating - 
67*70 per cent .). 

These results correspond with the pure salt. The residue 
after heating strongly consists entirely of cuprous sulphide and 
mm lium sulphate. Larger quantities of this salt were prepared 
for subsequent experiments. 

Trojurtie* of Jtisodium Trim promt 7 hiosul pkeite . I his salt 
crystallises in bright yellow needles. those deposited during the 
early stages of the preparation Ix-ing larger than those forming 
later on. If left in presence of the mother-liquor, the deposij 
wi^l n main bright yellow for several weeks. I he air-dried salt, 
if perfectly free from traces of tetrathionate, appears to be quit 
permanent, hut if the crystals are not well washed (about 200 c.c. 
of water for a 46-gram yield), the salt will slowly decompose an 
eventually become quite black. When the salt was strongi} 
heated in absence of air, the decomposition was shown to ag 
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with the reaction JCu^O^wNajboOjjdiHgO ~ 3Cu 2 S -f- 2Na 2 S0 4 -j- 
H«S0 4 -f 2SOg -f- 2S + 5H 2 0. C. and ]. Bhadnri {toe. cit .) arrived 
at" the same reaction, assuming 8 instead of 0 molecules of water 
to be present. 

The solubility of the salt in water at 10 ; appears to be 3 parts 
in 1000. After some time, a white cloud separates (possibly 
cuprous thiosulphate is formed and sodium thiosulphate dissolved). 
After twelve hours at 11°, the white suspension begins to hydrolyse 
— Cli 2 S 3 0 3 + H 2 0 ">Cu 2 S + H 2 S0 4 — after forty-eight hours, the 
hydrolysis has proceeded to the extent of 52 per cent. When the 
temperature is raised to 80°, this brown mixture becomes black 
and the extent of hydrolysis reaches 75 per cent., whilst after boiling 
for ten minutes it reaches 95 per cent. 

The action of acids and of sodium thiosulphate - separately and 
together— on the salt lias been studied with the view of finding 
a method which completely removes copper as cuprous sulphide 
from solution. From these experiments, it appears that the com- 
plete separation cannot be effected in presence of hydrochloric 
acid, but that it can be effected by excess of sodium thiosulphate in 
presence of nitric acid, proviefed the latter is not highly concen* 
trated. The desired result can also bo attained in sulphuric acid 
solution if sufficient acid be present to prevent the formation of 
complex double chloride* or (less readily formed) double sulphate. 

The Action of Ammonium Thiosulphate on Copper Sitrate. 

On mixing 5 A T * ammonium thiosulphate and 2 oA’-cupric nitrate 
in equal volumes, a bright yellow liquid was immediately produced, 
but no deposit was obtained after twenty hours* standing. Solu- 
tions of the preceding strength were concentrated and cooled 
separately, and then mixed together; after a short time, solidi- 
fication occurred quite suddenly. The purple-grey, crystalline solid 
obtained was proved to contain traces of products of decomposition. 

To another portion of the bright yellow liquid above mentioned 
an equal volume of alcohol was added. This immediately pro- 
duced a bright yellow ? , crystalline solid, which became white in 
loss than two minutes; it was separated, washed, and air-dried. 
(The wash-water was bright yellow and on the addition of alcohol 
aoain deposited white particles.) When dry, the white product 
assumed & pale buff colour (Found : XH, - IK4 : On - 27 25 (*s 
( ujS), 27 09 (as CuO); S„0 3 -- 58*34, 58 34: residue after heat- 
ing- 34-11 3(NH 4 ) 2 S 2 0 3 "2 ('ii 2 S,() 3 .H 2 0 requires 11-49; 

IT ^ = 59-57 : residue on heating — 33 83 per cent.]. 

L ^ ese %ures indicate triammonitim dieuprous thiosulphate, 
j 0 proportions in which the solutions were mixed were, as in all 

xx* 2 
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previous cases here cited, such as to favour the production of ^ 
double salt in rv/w? molecular ratio. This salt appears to resemble 
the former vlute salt in crystallising with 1 molecule of water. 
The residue after strongly heating is pure cuprous sulphide. The 
filtrate from the separated salt contains ammonium tetralhionate. 

Formation of l\nUithionic Avid. 

When copper chloride, sulphate or nitrate, is treated with excow 
of sodium thiosulphate in presence of any mineral acid, their is 
evidence to show that pentathionie acid is produced and remains 
in solution after cuprous sulphide and excess of sulphur have been 
thrown out bv boiling. This must- be due to interaction bet ween 
sodium let rathic mute, sodium thiosulphate, and the mineral acid : 
Na^A -f- Na,S,0 3 + 4 HA' - HjS a O B -K 4N T aA' H,0 J- SO, 
The tests a p] died, which were those tabulated by lamakatsu and 
Smith (T., 1880, 37, 60S) and by Debus (T., 1 SSS, 53, 207). gave 
positive results with the solutions here considered and also with 
mixtures prepared by adding sodium thiosulphate and acids to 
sodium tetrathionate, prepared from sodium thiosulphate and 
iodine (von Klohukmw Her., 1885, 18, 1871), 

TcsLs which IhffirottiiUc f*rutu!kionic Acid from (' olloidnl Sulphur. 
— It is well known that certain chemists have been sceptical as 
to the existence of pentathionie acid. I he literature up to 188" 
was summarised by Debus (lor. cit.) and since then further papers 
have appeared from Bert helot. Spring. Hertlein, Lang and ('arm 
\'aleton. Casolari, Maclaurin, \V Kell, and recently a longer paper 
by Kiesenfeld ami (T W, Kell (Z. auory. ('hem., M*2 L, 119, 252). 
Among thirty author*, four only are sceptical, namely. Spring. 
Curtins, Pfeiffer. and \ ah ton. \aleton C/iuii, I \ul;hlad. Mh. 
4, 553) states that colloidal sulphur gives all tlx* tests usually 
ascribed to pentathionates. Wo have continued this statenirrit 
in so far as the following tests are concerned, which maybe tomwl 
the ” positive tests of I Jehus : 

1. Ammoniaeal silver nitrate; immediate darkening (due tu 

Ag a $). 

2. Caustic potash : inuu'diat** deposition ■ «f sulphur. 

:i Ammonia alone : I . s rapid deposition of sulphur. 

4. Ammonia eoiitainim: H^S ; immediate tlo j u ss it i< »n of sulpkr. 

Mercuric cyanide in aqueous ammonia : bleak ]>iee ijutate 
forming slowly in the cold, rapidly on wanning. 

All these tests wen* equally successful with pcnlathimm ^ 
presence of a trace of hydrochloric acid) and with colloidal su j 
prepared according to Kvedbcrg (Z. ( hem. h>d. Kolloi.^ 



the action op thiosulphates on cupric salts. 1289 


4 49 ) (a concentrated solution of sodium thiosulphate u slowly 
added to concentrated sulphuric acid, the temperature being kept 
below 25°, and the precipitated sulphur is repeatedly centrifuged, 
separated, dissolved in water, repreeipitatod by sodium chloride, 
and finally dissolved in pure water). 

Among the " negative ” tests given by Debus arc : pentathionic 
acid gives no precipitate with HC1, Cud z , FeClj, CuAc 2 , CuS0 4 , or 
Co(N 0 3 ) 2 . We found this to be the case, but each of the above 
reagents gave an immediate precipitate of sulphur when added 
to the colloidal solution. Comparative experiments were also 
made with a number of other salts. The most delicate was that 
with didymium chloride ; the merest t ratio of the tervalent cation 
precipitated sulphur from the colloidal solution, hut a considerable 
amount failed to have any effect on pentathionic acid. Penta- 
thionic acid, therefore, is unaffected by electrolytes provided the 
solution is not rendered alkaline. In this respect, it differs from 
colloidal sulphur. Another way to differentiate them is to boil 
each for a short time with hydrochloric acid and then apply Debus's 
“positive” tests involving alkali. Jt will be found that penta- 
thionic acid msjion i Is to all the tests, and what vw colloidal 
sulphur to none of them. 

The solution containing pentathionic acid used in the above 
experiments was obtained by adding If) c.e. of 2 . V- hydrochloric 
acid to 10 c.e. of JV-cupric chloride, followed by 29 c.e, of 2 A- 
sodium thiosulphate, concentrating to half the volume, and filtering 
from cuprous sulphide, the last two operations being repeated after 
the addition of another I(i c.e. of 2 A-hydroehIorie acid : a dear, 
culourless, acid solution remained. Valcton's statement may be 
modified by saying that pentathionic acid, when rendered alkaline, 
liberates colloidal sulphur. 

Malice Stability of Patlathwnk Add and it< Suit*. Watson 
Smith ( 1 \, 1883, 43, 3.V>) maintained that pentathionic acid is 
stable, but that its .salts are not. since they jvadily deconijxtse, 
yielding sulphur and tetrathionates. This difference between 
the acid and its salts was recognised by Debus {/or. dl.) and by 
other workers, ineluding Kiesenfold and Fell {Joe. at.), who attempt 
to account for it on their theory, which involves ” the hydrate 
; 0 f SO. This is stable in acid solution and polymerises to produce 
pentathionic acid. The theory appears to be a variant of Debut's 
[hypothetical *S 2 (X, which jmlymerises and then combines with 
pater : ;>S 2 0 2 2S s 0 5 and U 2 0 -j- 8 - 0 - ~ HgS 5 0 fi . Our inter- 

pretation of the matter is simply that the molecule of pentathionic 
pdl is fairly stable, whilst its j audible anions an* very unstable, 
f le blowing oKserva turns bear out this view : 
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i. On several occasions it was noticed that perfectly clear filtrates 
in Wackenroder preparations were rendered turbid by addition of 
pure water (dilution favouring ionisation). 

ii. We find that any reagent that develops alkalinity immedi. 
ately precipitates sulphur from pentathionic acid (salt formation). 

iii. Solutions containing pentathionic acid in a slight excess of 
mineral acid slowly decompose in the cold with formation of 
sulphuric acid, deposition of sulphur, and o\ olution of sulphur 
dioxide, but in fairly concentrated mineral acid the solution may 
be boiled for several hours without separation of sulphur. 

The potassium and barium salts were prepared by Unvis (T„ 
1881, 39. (W), who found that the pure salts could be obtained 
from highly concentrated solution only, and Shaw (T., 188 : 1 , 43 
3 -> i ) obtained potassium pentathionate, apparently pure, only from 
his sixth and last crop of crystals. It seems to be a matter of great 
difficulty to obtain these simple pentathionate* in the pure state. 

These results are all in keeping with the theory of ionic dis. 
sociation coupled with the assumption that US 0 (i ' or (.,r 

both ions) is very unstable. 


Summary. 

1. Cupric salts are reduced at once to the cuprous state on 
adding excess of sodium thiosulphate. From normal or more 
concentrated solution, the yellow salt, H(Ai*S 2 O 3 , 2 N'a>,O 3l tiH 2 0 ( 
crystallises out rapidly. Sodium tetruthionatv is simultaneously 

produced. . 

2 When eopjxT nitrate is used, pure specimens of the yellow 
salt are obtained. With copper sulphate, the yellow salt contains 
3<hi.>S0 4 ,2Xu.,S0 1 .t>lL0 in solid solution. With copper chloride, 
the yellow salt soon gives place to the white salt, 

( 'UoS.t >.j. X a.,S.>( 1 1 J ). 

which invariably contain; (uji^Xat in solid solution. 

The yellow salt in this ca-c \\a> found to be a mixture containing 
some of the white salt. . 

3. The pure yellow salt is .,«»'• if k 'T' ‘ lr . v il,1 ‘ VT' 1 ’ * 

perfectly f rce from adhering tetralhionate. When strongly hcae , 
it yields cuprous sulphide and sodium sulphate, whilst Mipiur, 
sulphur dioxide, and water are expelled. 

4 A white salt. iru^O^XH^)^* A has been o ted 

fromconcHmtrated solutions containing copper nitrate andamiit 

“rSCT; — -'"t*;*:;: 

heated with mineral acids, eiipnms siilplmli’ is I" rl l j" ' 1 | l ’ 
precipitation is not < on.plete even after prolong! boding I. 
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chloric acid is employed. The reason for this annears t„ ,1 , 

on the formation of the double chloride mentioned above £ 
cannot decompose into cuprous sulphide Tho . ■ V ’ . ch 

complete if nitric acid is used, provided the a id Im ^ ,,fatlon >* 

be fairly concentrated if any copper chloride is present h * d 
6. In the above circumstances, nentathirmi,. * j ■’ 
through the interaction of thiosulphate, tetrathionate, intf m£ 

a,d and 

thionie acid from colloidal sulphur. T*' 

*W>, is stable, especially in proseneeThS ‘ 'V T™'" 
hydrogen-ions, but that its salts are very unstable u ° f 

tend to ionise, and we believe the anions' HS.o'- , ' s o'-, ?' 
very unstable, '* fl ‘ r > « w* 


UNIVERSITY C'Ol.LEfiE, Rk.UiIXi:, 


Mu,rh nth, | 


('L.—The Sodium. Salt,- of Phnolphlhuhin. 

By Henry Bassett and Pmi.rr Hamon. 

The cause of the .colour changes otarved i, ,. . 
addition of acid or alkali is „f groat theoretic! » “ J !T ,t0 " 011 
importance, but it is still shrouded in obscurity praCf,C81 

The fet attempted explanation was due tl.'lXtnkl I" m 
schafthchen Grundlagen dor Aualvt. Chemie “ *S 1 ‘ , 
who suggested that the free indicator. a very weak \ H ' ’ 

practically uu-ionised. and had one * u h l , , ' 

from the alkali salt had another colour Th V ! 1 ,btame,) 

would have the same colour « , ’ f a,ka,i **lt 

jarly completely ionised in' dilute f “ 

£x zsasz a ~ A,; t: 

and phenol pht ha lein as examples : ^ th< * ° asc of ,ltmus 

^nidTidt X “° H <Wak> ~ S«Kum litmuaat, H.O (lv d m 

Ndium litmusato ‘ Omsod salt?. 

Phenolphthalein + XaOH ivi , '1° hUmi *‘ lon sodium. ion. 

iess, un-ionisH,' weak acid ^ * ol,r ‘ ; ‘ N ^ mm phi-nolpiiihalato - H.O 

’“'“"o 1‘kemdplithalutc - „ , , """onised salt). ' 

Hoti phonolphthaloin-ion sodium, 
ion. 

,,Cid ,ho c,,l,,ur |,|l;ll| ges are rovemed, owing f „ 


°n addition of 
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combination of the coloured ions with hydrogen-ion derived from 
the added acid and formation of the un-ionised indicator acid. 

The work of Hantzsch and other investigators has, however, 
shown that ionisation per se probably never gives rise to colour 
changes, and that when colour changes do occur in salt formation 
they are associated with some structural change in the molecules 
concerned. 

The free indicator has one structure and is either non-acid or 
only very feebly so, whilst the alkali salt is derived from an isomeric 
form of the indicator which is more strongly acid, but in the free 
condition is metastable. This acidic form of the indicator, its 
alkali salts, and its anion all have the colour shown bv the alkaline 
solutions. In solution these possible forms are in equilibrium thus: 

Red neutral form of litmus 7" Blue Ultims acid ::t Blue litmus anion.: [j. 

ion. 

Colourless neutral form of Rod jihriinljih- .. Rod iihonolphllmlcwi. 

phenolphtlmlein that in a« id " ion ; 

Alkali shifts these equilibria from left to right, whilst acid shifts 
them in the opposite direction. 

In the ease of indicators which an' of a basic instead of acidic 
character precisely similar arguments to the above apply. 

In the ease of phenolphtlmlein, the isomerism is between a 
henzenoid and a quiimnoid form, the latter being red (Sticglitz. 
j { mf > r (% M. 1 003, 25. 1112; see alsrt Friedliinder. Ibr., 
\H\)X 26. 172; 11. K. Armstrong, P.. lslKI.9, 52). 


HO 


/\ /\oii 




\ 


\ 


barton 




- rolmirlt'ss pli* -n»»l | .lit Imh in 
(/•>» j/f/t-m id). 


o: 


t ,ii 


jOH 

/ o., 


Rod noidio f. 


The experimental evide 


1 far as it goes supports these views. 

obtained, thus Breen and 
23. 22S) obtained n mono- 
■d !•■.<. It forms a violet-mi 


Several methyl derivatives have ln-eii 
King (li*r.. 40. *K24; P.. R.hiT, 

methyl ester crystallising in orange nr. 
solution in alkali hydroxides from whieh th«- mu-hanged methyl 
i-stcr is obtained by immediate aridilicaiimi. and | dioindphthalem 
by postponed acid ideation. Formula I is attributed to this ( 5 tu\ 


o: f "i 

9') \/ 


'd)H 


KtO, 


i 


SOKt 


(lh) 


(1 « n i<CU,Me 
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McO/' v j ^jOH 

\/\/\/ (iv.) 

<V*«<§>X> 

Haller and Guyot [Compt. rend . , 1896, 120, 290) have prepared 
the colourless diethyl ester (II). The corresponding dimethyl ester 
was originally prepared by Baeyer (Annahit, i 880, 202, 30) and 
more fully investigated by Grande {Ofnytta, 1890, 26, i, 222; 
see also Herzig and Meyer, Her., 1896, 28, 3268). 

Meyer and Marx {Her., 1907, 40, 3003) obtained the isomeric 
diethyl ester (III) as intensely yellow crystals. The colourless 
monomethyl ester (IV), isomeric with the (pniionokl ester (I), has 
been prepared by Meyer and Spengler {Her., 1906, 38, 1318). In 
alkalis, it yields a faintly red solution, the colour of which is weaker 
the purer the ester (Green and King, loc. cii.). The corresponding 
mouoethyl ester was prepared by Grande {Ann. C/tim. Farm., 1892, 
14, 331). The orange dimethyl ester corresponding to the yellow 
diethyl ester (III) was obtained by (been and King {loc. cit.), who 
found that it was insoluble in alkali. 

Phenolphthalein itself, its quinonnid monoinethyl ester (I), and 
its laetonoid dimethyl ester (II) all form einnabar-ml additive 
^impounds with hydrogen chloride, stannic chloride, and aluminium 
chloride, which are formulated as <piinonoid oxonium salts bv 
Meyer and Hantzseh (Bir., 19u7. 40, 3479), thus : 

0 HiC * , V c ./A, ) / H ' " H '« H ‘x r/ 

Miflficjf/ 'V/‘ \;i nui,<;ii 4 - V.- '\ci 

i i<jiible salt of 8nt I 4 uiul l')i.*nl>li j salt ■ »f 8n( Jj and t?i< j quinonoid 

phenolphthalein. imuuniu tliyl r*Wc vi phtnolphlliah-in. 

OMr(Vlfj\ ' CH.{ 

)C:; 

NnCl 3 0/'*(.‘ c H/ v ‘ Cl 

Double salt of SnCl 4 ami the !aetun»id dimethyl 
ester of plumilphih/il. in. 

\ery similar compounds have been prepared from tetrabronm- 
phenolphthalein and from qiiinolphthalein (see. for instance, Meyer 
<md bpcngler, loc. cit. ; Green and Kirn:. loc. cit. ; Mever and Marx. 
&r., 1907, 40, 1437). 

It will be seen from the above resume that the position with 
regard to the esters of phenolphthalein is fairly satisfactory, and 
explicable in terms of tin* usually accepted benzeituid-quinonoid 
isomerism of phenolphthalein. The position with regard to the 
[ 8 va 1 very different, however. In the literature on the 


o: ? 


(in.) 


/\oEfc 
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subject one comes across references to the solid red salts of phenol- 
phthalein, but on examination of the original papers no case of the 
isolation of a red salt could be found. Moyer and Marx {Bet 
1908, 41, 244) evaporated solutions of phenolphthalein in sodium 
and potassium hydroxides, obtaining deep red, sticky masses, but 
were unable to obtain any salt in a crystalline state. Meyer and 
Spenglor {Ber., 190$, 38, 131$) considered that they had proved that 
the red salt of phenolphthalein was the disodium salt by digesting 
20 c.c. of JY -caustic soda solution with excess of phenolphthalein 
removing the excess by filtration, and determining the ratio of sodium 
to phenolphthalein in the solution. This ratio they found to be that 
of two atoms of sodium to one molecule of phenolphthalein, and, 
overlooking the fact that since the latter behaves as a very weak 
acid there would be a large amount of hydrolysis in solution, thev 
claimed to have proved that the red salt was the disodium salt, 
This so-called proof has hern accepted by some invest igatoix (for 
example, Aoree and Slagle, Amvr. ( hew. »/., 1909, 42, llij; Kobor 
and Marshall, ♦/. Awer. ( bw. *Vx\, 1911, 33, «>9), hut it is clearly 
not valid. 

Oddn and Yassallo 1912, 42, ii, 204) claim to have 

obtained a red monoputassium salt of phenolphthalein hv adding a 
hot saturated alcoholic solution of potassium hydroxide to a hot 
saturated alcoholic solution of phenolphthalein and leaving to 
stand for twenty-four hours in a vacuum. On repeating this 
experiment, using the quantities of materials stated in the paper, 
an abundant yield of small cr\>tals was obtained. After separation 
from the red mother-liquor and washing with alcohol (us stated in 
the paper), the crystals were found to In* white and not reddish- 
violet, as stated by Oddn and Yassallo. The crystals very rapidly 
absorbed moisture from the air, turning a pale pink. Under the 
m ie rose ope, they were seen tu he colourless rhombs. On analysis, 
they were found to contain 1 atom of potassium to HMi7 molecules 
of phenolphthalein. 

Haller and (Juvot [lor. cit.). I»y heating the colourless, lactonoid 
diethyl ester of phenolphthalein with alcoholic potash, obtained 
white needles of the salt ( 'f ) 2 K*< f> H ,*( 4 *( > Kt ) 2 *0H . Xo 
analytical figures were given hv them. Kober and Marshall [J. 
Amir. Cbm. Nor., 1911, 33. 39, 1779) isolated colourless trisodium 
and tripotassium salts hv concentrating saturated solutions of 
phenolphthalein in strong aqueous caustic soda and caustic 
potash.* The formula 1 rO^Kd^Hj’CfCfiH^'OKh'OH.jibO an 

are ascribed to these salts 

but the method of isolation makes one feel some doubt about t 
act uaf composition, especially in res|»oot to the amount <if ater 
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crystallisation. The sodium salt is described as crystallising in 
rhombohcdra. Kober, Marshall, and Rosenfeld {,/. Arner. Own. 
Son 1912, 34, 1424) obtained the colourless monopotassium salt 
containing one molecule of water and one molecule of alcohol of 
crystallisation, C 02 K‘C (S H 4 'C{C 6 H 4 * 0 H) 2 *()H,H 2 0 ,C 2 H 6 0 , as also 
the corresponding sodium salt. This was done by passing carbon 
dioxide into a solution of the tripotassium or trisodium salt in 
absolute alcohol, filtering the product, and precipitating with dry 
ether. They are described as forming colourless, hexagonal prisms 
with truncated ends. 

That excess of alkali decolorises red phenolphthalein solution is 
well known (Baeyer, Annalen, 1 #80, 202, 36). It seemed to support 
Oswald's view of the colour changes. The excess of sodium-ion, 
by throwing back the ionisation of the sodium salt of phenolphthalein, 
removed the red ions to which the colour was due. (Irecn and 
Perkin (T., 1904, 85, 398) showed, however, that this explanation 
of the bleaching effect of excess alkali could not be correct, and for 
two reasons. In the first place, the bleaching is a time phenomenon, 
and in the second place tin* decolorised solutions can be rendered 
neutral to litmus by careful addition of acetic acid in the cold 
without the colour returning. When this point is reached, it is 
found that alkali and phenolphthalein are present in solution in the 
proportions required for the monosodium or monopotassium salt. 

After standing for some time or more quickly by boiling, these so 
neutralised solutions again become coloured, and the remaining alkali 
can be titrated in the usual way. It is worthy of note that a precisely 
similar behaviour is shown by many other triphenylmethane dyes. 

Although these facts do not fit in with Ostwalds theory, they are 
in no way opposed to the theory which ascribes the colour changes 
to tautomerism between a colourless, lactnnoid form and a red, 
quinonoid form. The bleaching effect nf excess of alkali would be 
due to the change 


C0 2 Xa*C 6 H lN 

Cl\VC 6 H/ 


>c:<^ \0 i- XaOH 

(UNVOA, 


OXa-C t} H 4 

or possibly the change 

CCUa^H _ 

>(\'( >:0 -r XaOH 

H0‘C 6 h/ 

CO.,Xa*( , 6 H 4N 

HO*(VH 4 


>C’(OH 


>OXa, 


H) 


\_ 


~\ 


OXa, 
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and it is quite likely that such an addition would be comparatively 
slow. On neutralisation with acetic acid in the cold, the phenolic 
sodium atoms would be displaced, leaving the colourless carboxylic 
salt. The latter then slowly loses water and yields the quinonoid 
salt. 

The present investigation was undertaken in the hope that a 
phase-rule study of the system phenolplithalein-caustic soda- 
water might throw considerable light on the whole question. J n 
any case, it seemed the only way in which definite information 
could he obtained as to the sodium salts of phenolphtlmkdn which 
actually exist. It is rather remarkable, in fact, that no kucIi 
examination of an indicator -alkali-water system (or, more generally 
of a dye-alkali- water system) has so far been made. 

The system is a three-component one, and lias been studied at a 
temperature of 25'. The most striking result of the investigation 
is that a ml sodium salt is apparently incapable of existing as a 
solid phase in contact with solution at this temperature. All the 
salts obtained are colourless. They are respectively (u) two meiio- 
sodium salts with four and eight molecules of water of cryslallis. 
ation; (b) three disodium salts, of which one is anhydrous and tin* 
other two contain 4 and ^ molecules of water, respectively; (r) 
four trisodium salts with 6, 12, 15. and 14 molecules of water uf 
crystallisation. 

All the trisodium salt hydrates are stable over definite ranges uf 
concentration at 25 , hut of the disodium compounds only the 
oetahydrate is stable, the other two being mctustable. Of the two 
monosodium salts, only the tetruhydrate is stable. Tile muiUare 
perfectly sharp and definite, as can be seen from the annexed 
triangular and rectangular diagrams, The existence of a crystalline, 
anhydrous disodium salt is <>f considerable inqiortanee. Sue]) a 
salt could only be either 


' Y« ,, 'W , W Xa W ■ 

CtMr Sv.H,-«»X.i ( - Vl( "C.II^OXa 

and as it is colourless it mu.-t be regarded as the diphenolic 
salt. This makes it highly probable that the two hydrated 
forms of the disodium salt also have the phenolic structure. 1'or 
the trisodium salt, there is only one possible structure, namely 
CO.Xa’CgH^f^C^flj’OXaJrOH. but two monosodium salts are 
I possible and they are 

COjN'a-C’eHj-CiC,,! I ,•( »!!),•( Ill awl •'.) 0 ( . n >< < ( , „ 0 | { • 


There can be little <|Uesti.m that the eol.mrless m.mosmlium sa» 
obtained in solution by neutralisation of the colourless solutions 
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the trisodium salt with acetic acid j» the carboxylic 
follows from this (hat the acid CUH'O.H '(vc ulni, d ’* 
is, as regards the carboxylic hydrogen orolvd it \ 
than acetic acid. In all Jro JilitJ ’im 7^ Bdd 
monosodium salts which have boon obtained i» +i. U( 
ation have the phenolic structure ( V) «"«**■ 


loo. I. 



extent tl w l . . , ; "'" ‘ f I' 1 " fdl -'" f -n, the enormous 
A Slanee at 1, ^?"' h - vd ^' d -isolation. 

The three d«,tt,V i„t r ( , f ra,U sho "' h<1 "' 'his is. 
corresponding to solutiol,- '* ' la - ra "iarc drawn through points 

■ ll proportions com-smmdin.r r ln‘T ? *"* e'^'^’iphthairin 
hi -sodium salts. It w i1l J /\ " to pure mono-, di-. and 

can he separated as a solid T™ * 1 ** k* nIV tJu ‘ m °nos<Kiiuin salt 
Wee the proportion of It J ,ha - so tfl0 whition must contain nearly 
P 1 of alkali needed to form the monosodium salt. 
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Only in the case of the trisodium salt can a saturated solution be 
obtained which contains comparatively little more alkali than is 
stoicheiometrically required. This point, F, on the diagram 
corresponds to the presence of 3 2 molecules of sodium hydroxide 
to 1 molecule of phenolphthalcin. It is worth noting, however 

Fio. 2. 



Oukvk and Solid Phask. — AH, i'bt noljiliffailrini HC, Mono-sodium salt 
+ 4H,0 ; DF, Mono-sndimn *aft -i S|l 2 (>; rK, hi-Mdinm stilt HSH,0; t!H, 
Di-sodium s aft +4H,<>; I.l , I )i -sodium salt {ttn?njdn>u*)\ FK. Tri -sodium salt 
-M4H a O; KL, Tri-sodium *<tlt -j-13H 3 0; LM, fri -sodium salt -‘1211,0; MX, 
Tri-sodium suit -f«H a O. 

that in all cases the actual apparent hydrolysis is probably greater 
than appears from the diagrams, for in such concentrated solutions 
a great deal of the water may not be present as “ free water. 

Now it has been shown by Shields [Phil. May. , 1833, [v], 35, 3(w) 
that even in decinormal solution sodium acetate is only hydrolysed 
to the extent of 0*008 per cent, at 2-V, and, as is well known, there 
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is no difficulty in obtaining solutions of sodium acetate saturated 
with respect to the solid salt. Such solutions arc faintly alkaline 
to litmus. Were the monosodium salts which .separate from the 
alkaline phenolphthalein solutions actually carboxylic salts, such 
extensive hydrolysis as that apparently found would not be expected 
in view of the fact that the carboxylic acid is probably stronger than 
acetic acid for the reason given above. From the behaviour of 
strongly alkaline phenolphthalein solutions on titration with 
hydrochloric acid (sec experimental part) it is highly probable that 
the carboxylic acid is much stronger than acetic acid. 

As pointed out at the end of the theoretical section of this paper, 
however, great caution is required in drawing any conclusions 
from the apparent extensive hydrolysis of the sodium salts. The 
chief reason for concluding that the solid colourless nionosodium 
salt obtained really has the lactone phenolic structure is that it 
separates from solutions intermediate between those from which 
phenolphthalein itself separates and those from which the disodium 
salts separate : the former must be saturated with respect to the 
lactone phenolphthalein itself, and the latter with respect to its 
disodium salt. It almost follows from this that the intermediate 
solutions will be saturated with respect to the lactone phenolic 
monosalt. Although no red salt has been obtained in a solid state, 
it clearly exists in solution, and almost certainly has the tautomeric 
quinonoid structure. One must suppose that in the alkaline 
solutions there is an equilibrium between the coloured quinonoid 
salts, the colourless carboxylic salts, the colourless lactonoid salts, 
and free phenolphthalein both as lactone and as the red and the 
colourless carboxylic acid. Each of these will, in addition, be in 
equilibrium with its ions. Some or all of the compounds in this 
list will be present in any given solution in proportions depending 
on the concentration and temperature. 

The compounds thus concerned may he summarised as follows : 


A. 

B. 


V « H -1 

coo 


5 > ( , (( < ii H 1 , OH) 2 and 

All < "I'I urlf: 


I one mono-salt 
l one di-salt 


lone mono-salt* 

rO.Hd^Hvrtt^Hj-OlDynil and W di-salt * 

I <'ne tri-salt 
. 1.7 


0 . 




co,ht 6 h,( . ( , h;:o 


and 
t llmlottn.L 


I one mono-salt * 
\ one di-salt 


Hall the acidic hydrogen atoms an' not replaced by sodium, it is praetic- 
alh certain that l ho carboxylic hydrogen wilt bo one that is replaced.. If this 
is not granted, then an additional salt Iveomes possible in the cases marked (*). 
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It will be seen that the conditions holding in alkaline phenol- 
phtkalein solutions are very complex, especially in the region where 
the mono- or di-salts can separate as solid phases. It is not possible 
to say what proportions of the various compounds mentioned above 
are present in such solut ions, but j edging by the very deep red colour 
of the solutions in the mono-di-region they contain a large proportion 
of the quinonoid forms. The question has to be considered why such 
red salts do not separate in the solid form. What compound can 
separate from such a solution will depend on the magnitude of its 
solubility product and, on the concentration in which it is present, 
both in ionised and un-ionised form in the solution. It must be 
assumed that the concentration of the quinonoid form is not 
sufficient for separation of the solid red salt from solution to be 
possible. Owing, moreover, to the complicated state of affairs in 
the alkaline solutions, care is necessary in drawing conclusions from 
the solubilitv curves as to the degree of hydrolysis of individual 
salts. The curves do show that the apparent hydrolysis is very 
erreat, but this apparent hydrolysis is a summation effect of several 
hydrolytic decomjiositions and other equilibria (such as between 
lactone and carboxylic or quinonoid forms). The use of phenol- 
phthalein as an indicator depends on this apparent large hydrolysis, 
which cones, muds to apparent extreme weakness of the indicator 
acid Most of the individuals concerned in the phenol pnthalcm 
equilibria mav, however, be relatively strongly acidic The chid 
function of the large excess of sodium hydroxide needed for a sol,,- 
tion to be in contact with any particular sodium salt may be nut si 
much to repress hvdrolvsis as to supply a sufficient conecnlration 
of sodium-ions for the solubility product of the particular salt to 1* 
reached . 

K X 1* E K 1 M K N T A 1.. 

Mixtures of phciiolphth .b in with solutions of caustic * ala <f 
varying strengths were made up so that in each ease a liquid anil a 
solid phase were obtained. Freshly boiled, distilled water 
used in all eases. The weak solutions of caustic soda weremak 
bv Comog's method (•/. .\uttr. ( hnn. Six., I t- , ’ ~ , 

known volume of water was placed in a glass holt ' , 
laver of ether about 2 cm dorp, and a known weigh <> H1 > 
dropped in piece by piece. After solution o ' 11 1,1 1,1 ' 
major part of the ether was removed with a pipette am ie - 
traces were driven off by heating on a wat. r-l.ath In- ; 

amount of phi nolphthalein was then added and the tightly r 
^topper placed in position and fastened down w,.h string a 
The stronger solutions of caustic soda were made by , • c 
known weight of sodium in a platinum crucible, which nwi> ? > u ri ,i 
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on a triangle in a desiccator containing water. On exhausting the 
desiccator with a water-pump, the sodium gradually dissolved. 
Any further water required to make up the solution of the required 
strength was then added. The solution together with the necessary 
amount of phenolphthalcin was placed in a cerasin wax bottle, the 
lid of which was then sealed on. Great accuracy had to be used in 
making up the contents of the bottles when it was desired to obtain 
points in any special region of the system. Ihe bottles were rotated 
in a thermostat, kept at 25°, in .such a way that the contents were 
well shaken. 

After being in the thermostat for not less than Ihrce days, which 
time was found sufficient for the attainment of equilibrium between 
solid and solution, the bottles were opened and the solid and liquid 
separated and analysed. 

In most cases, the liquid was filtered oJT, but in the case where the 
anhydrous disodium salt was obtained as solid phase the liquid was 
too viscous for this, but as the solid was deposited in spherulitie 
growths on the sides of the containing vessel, the liquid was separated 
by decantation, i he filtration was carried out in a simple apparatus 
below the surface of the watei m the thermostat in order to prevent 
cooling. With some of the more viscous solutions many hours 
were needed to obtain sufficient liquid for analysis, so that such a 
precaution was absolutely essential. A so-called “oil bottle” 
which has a eup-like expansion above the neck w;is fitted with a 
two-holed rubber bung. Through one hole passed a glass tube for 
use in exhausting tin* bottle. Through the other pas.-ed the stem 
of a wide glass tube filtering funnel, which was fiti< d with a perforated 
porcelain disk and a dry adwstns filtering pad. Mercury was 
placed in the cup of the bottle so as in mak<- a water-tight seal, and 
ihe apparatus held immersed in the th«Tin<»tal by a clamp on the 
upper part of the filtering lube. Some of tie* mixture to be filtered 
was rapidly transferred to the filter tub.*, which was then tightly 
corked to exclude carbon dioxide, and gentle Miction was applied 
by means of the water-pump. The clear lilirale was caught in a 
weighed test-tube placed in the oil bottle, whilst the moist solid 
was removed from the tiller tube by means „f a long spatula and 
transferred to a weighing bottle. The analyst > were carried out as 
follows. Weighed amounts of solution or moist solid were placed 
m beakers together with water and heated to boiling, standard 
hydrochloric acid being added until the colour was discharged. 

he amount of acid used gave the percentage of soda. The phcnol- 
phthalein, which separated out in a crystalline state, was collected 
011 ‘ l ^ (KJC ^ crucible, well washed, and dried in a steam-oven to 

nistant weight-. In some cases, the precipitated phenolphfhalein 
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was slightly discoloured owing to the presence of traces of 
(apparently) oxidation products. It was found that the titration 
with acid could not be satisfactorily performed in the cold, in that 
case, the colour disappeared but was restored on standing or heating. 
By adding more acid, the colour was again discharged, and on repeat- 
ing the process at intervals the same end-point was eventually 
reached as by the hot titration method. The behaviour wa* 
analogous to that observed by Green and Perkin with acetic acid 
(loc.. cit.) and is due to the formation of the colourless monosodium 
carboxylic salt. Tt indicates what a comparatively strong acid 
the carboxylic acid must be. 

The moist solids were always examined under the microscope. 
In most cases, it was easy to see that the solid was colourless. 
others, where the solution was very deeply coloured and very 
viscous, it was more* difficult. Kven in such cases, however, isolated 
crystals in air hubbies or round the edges of the slide were seen to 
be definitely colourless. No coloured salt was obtained. 

The monosodium salt with 4H.,() was seen to be in the form of 
short, rhombic prisms, whilst the uctahydr&tc formed long, rhombic 
prisms. The anhydrous disodium salt was obtained in colourless, 
spherulitic growths on the sides of the glass bottle. The tetra- 
hydrated disodium salt and the trisodium salts with 14, 13, and 12 
molecules of water of crystallisation occurred as stumpy, rhombic 
prisms, whilst the disodium salt with 5SH 2 0, and the hexahydrated 
trisodium salt occurred in long, needle-shaped crystals. In all 
eases, the crystals were very small. 

The com | x>s it ions of the solids and equilibrium solutions analysed 
are given in the table and an* expressed in terms of H.,0. 
Xa 2 (), and l\ori t .,0 3 (the anhydride of phcuolphthalein). the water 
of course being obtained by difference. 

The percentage com|>ositinns of the equilibrium solutions amid 
the corresponding moist solids have been plotted in triangular 
co-ordinates, amt the formula 1 of the corresponding dry solids 
are obtained at once from t he* diagram by Sohreinemakers's well- 
known method. This is the only sure way of determining the 
nature of the solids in a dry state in most eases. The compositions 
of the solutions have also been plotted in rectangular co-ordinates, 
as the diagram so obtained is in some ways easier to follow. It will 
be seen from the diagrams that the solubility of phenol phthalein 
increases rapidly with increasing concentration of sodium hydroxide. 
So also do the culour and the viscosity of tin* solutions. Solutions m 
equilibria with solid phcnnlphthalcin contain slightly less than - 
molecules of caustic soda per molecule of dissolved phenol phthalem- 
At a concentration of 33-2 per cent, of phenolphthalein anliydriilf 
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Table. 


Composition of phases in the system phenolphthalein-sodium 
hydroxide-water at 25°. 

Liquid phase. Moist solid phase. 



Phenol- 



Phenol- 



phthalein 



phthalein 


Ka 2 0. 

anhydride. 

11,0. 

Na a O. 

anhydride. 

H 2 0. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. V 

or cent. 


Solid phase : 

Plienolphthalein (curve A li 

on diagrams). 


0-58 

2- 00 

ftG*38 

0-3<l 

79-50 

20 15 

2-71 

13-74 

83*34 

115 

84-07 

14-18 

4-25 

22-43 

73*31 

1-01 

08-90 

29-49 

Oil 

31*90 

01-91 

2-45 

09-28 

28-20 

Solid phase : Monosodium salt 

r 8H 2 0 (curve 

DE on diagrams). 

0-!)5 

30*06 

30-99 

0-97 

55-08 

37-95 

7-4S 

37-73 

34-79 

0-77 

58-21 

35-02 

8-32 

41-10 

30-32 

7-41 

53-55 

39-04 

Solid phase : Monosodiiirn salt 

— 4HjO (cum. 

* Ii(' on diagrams). 

0-78 

33-34 

59-88 

033 

47-74 

45-93 

9*31 

37*30 

53-33 

8-58 

52-10 

39*26 

9-88 

41*4.3 

48-07 

9*3o 

49-77 

40*93 

10-06 

44*00 

43-88 

9-50 

49-03 

40-81 


Solid phase : 

Disudium s 

alt, anhydrous 

; (curve IJ). 


11-00 

4 ;V55 

43-43 

1117 

40-77 

42*06 

12-31 

40-10 

47*53 

12-50 

43-42 

44-02 


Solid phase 

: Disodium 

salt 4 fid) (curve OH). 


11-67 

37-79 

50*54 

12 51 

45-19 

42-30 

11-9S 

34-08 

53 34 

12 40 

43 <59 

43-85 


Solid phase 

: Disudium 

salt • slid) \ 

elirve ( ■/'). 


ft 97 

38-42 

51 61 

Id 93 

42 45 

40* 02 

lu-17 

33-72 

5 (Ml 

11 17 

47 42 

41-41 


Solid phase : 

Trisodium 

salt 14H.0 

(curve /Tv). 


10-24 

31-00 

58*70 

13 25 

41 10 

45-39 

1U-37 

27-89 

Ol-TO 

12-38 

38-87 

48 73 

11-34 

23-03 

03*02 

12-97 

3S-0S 

4s*33 

J 2-titt 

23-28 

04-03 

13-2o 

32-03 

54-17 


Solid phase 

Trisod iuin 

salt 13H.O 

(turve K I. ). 


13-73 

20-31 

05-70 

3 4 23 

40-59 

45-18 

14-29 

10-91 

08*80 

14 40 

40-oJ 

39-53 

17-48 

10-33 

72-97 

10-13 

28-50 

55-31 


Solid phase ; 

: Trisodium 

salt 12H.0 

p-urve LM J, 


19-8 

9- 12 

71-os 

10-05 

35-07 

47-08 

20-32 

4-28 

75 39 

17-49 

3109 

,ni- 79 

23-46 

1-37 

75 17 

1 8-00 

29-39 

51-93 

23-42 

U-Slj 

73-72 

2o-33 

25 4'» 

54-27 


Solid phase 

: Trisod him 

salt 011,0 

(rill ve d/.V). 


27-01 

oil 

72-SS 

25 U4 

13-10 

01-80 

28*03 

(Hi 

71 97 

20-37 

10-89 

02-74 

30*74 

(HI 

09-20 

2S-32 

11 48 

00- 20 

37-44 

(>•23 

02-50 

31 47 

17-93 

50-00 

* 39-88 

(HI 

00-12 

40-97 

0-37 

40-00 


* Solid phase — mixture of trisodium salt hrxahydran* and XaOH.H s O. 
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and 6*3 per cent, of Na 2 0 the solubility curve of phenolphthalein 
cuts the curve of the monosodium tetrahydrate, which is the stable 
solid phase until a concentration of 44*06 per cent, of phenolphthalein 
anhydride and 10*06 per cent, of Na 2 0 is reached, when the disodium 
salt with eight molecules of water of crystallisation begins to 
separate. From this point, the solutions become weaker and weaker 
with respect to phenolphthalein as the content of alkali increases, 
whilst the colour gradually gets weaker. At 32 • 1 per cent . of phenol, 
phthalein anhydride and 10*5 jier cent, of Xa s O the trisodium 
salt with 14 molecules of water becomes the stable solid phase. At 
successively greater Xa 2 0-cnneent rations, the 13-, 12-, and (}. 
hydrates of the trisodium salt become the stable phases unit], at 
39*88 per cent, of Na,0, the solution, which contains the merest 
trace of phenolphthalein, is saturated with respect to a mixture ef 
the hexahydrated trisodium salt and the monohydrate of sodium 
hydroxide]" NaOH,H.,(). The saturated solution of XaOHJUO ■» 
pure water at 25° contains 41*2 per cent, of Xa a O (dickering. T. 
1893, 63, 890). As will be seen from the diagrams, the monosnclim,, 
salt with 811., O and the anhydrous disodium salt, as well as its U tra 
hydrate, are metastable phases. 

S (i tn mar tf. 

A phase-rule study of the system phonnlplithaloiil-eaustic soda- 
water has been made at 2o'. 

A number of crystalline sodium salts have been obtained, all o< 
which are colourless. These are, two hydrated forms of a lm.nt- 
sodium salt, a disodium salt in the anhydrous form and as two 
different hydrates, and four dillerent hydrates of the trismlnim 

salt. . . ... i 

The nature of the solid salts and of tin- snlutions is discmsd, 

None of the facts observed is oppns, <1 to the theory «'f 1 h i ly.emud- 
quinonoiil tautomcrism of phenulphtlialoin dnivati\c>. 

University Cor.i.r.o!:, Kkaiuxu. Ji'U'tol, Marti. M, b'-M 


CLL— 77/r no-rnlM I’rc-pn ^ttr<‘ l nit r ml in 

By John Day in Morn; as. 

When an explosive gaseous mixture, contained in a 
is ignited by an eieetrie spark, and records are mac < " 
of the spark and of the rise of explosion 

the commencement of rise of pressure occurs, not «omun« . 
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with the passage of the igniting spark, but later, the two events 
being separated by a relatively large interval of time. This fact 
j s well known (Bairs tow and Alexander, Proc,. Roy. Roc., 1905, [A], 
76, 340; Wheeler, T., 1018, 113, 840; Morgan, Engineering, 1919, 
535* David, Engineering, 1922, 791 ; Woodbury, Lewis, and 
Canbv, «/. *S'oc. Automotive Engineers, L .S.A., 1921, 8, No. 3; 
Payman, “ Fuel in Science and Practice/’ March, 1922), and the 
interval is usually referred to as the no-pressure or pre-pressure 
interval. A typical pressure- time diagram is shown in Fig. 1. 

That the Harm* originates with the passage of the spark has 
been definitely established (Morgan, loc. cif.) and it has been shown 
bv Wheeler (loc. cif .) a nd.by Woodbury, Lewis, and Canbv (loc. at.) 
that before any indication of pressure occurs the flame has advanced 
through a considerable volume of the gas. 

It- has been suggested that the so-called pro -pressure interval 
is an apparent died due to insufficient sensitiveness of the pressure 
Fn;. 1. 



indicator, and some evidence lias been adduced to show that the 
interval can be attributed at least in part to the indicator (Morgan, 
}o<\ cit.). Arguing from established facts relating to the inflam- 
mation of gaseous mixtures in a closed vessel. Dayman concludes 
that the term “ pre-pressure ’* interval is a misnomer, “since 
during a considerable propuliou of this period the pressure is 
actually increasing “ (Dayman, op. cif.). 

The question as to whether or not the pre-pressure interval is 
a real effect associated with the explosion is of some importance. 
For example, in assigning an algebraic expression to the rising jxirt 
if the* pressure curve it is uece»ary to know whether the origin 
should be taken at the instant of passage of the spark or at the 
ipparont comnieneement of pressure on the diagram. 

A recent re-examination of the question leads to the conclusion 
that the pre-pressure intenul. as ordinarily observed, is due 
mainly to the indicator. That some interval must occur between 
die passage of the spark and the first indication of pressure is 
evident, as the rate of travel of a pressure pulse is finite. ( This 
interval is. however, much smaller than the one under consideration. 
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The means employed in the investigation are shown in Fig. ■>. 
An explosion chamber, a, is fitted with an igniting spark gap, 6, i n 
series with a small gap, c, formed between a needle point and a 
smoked paper strip on an earthed metal drum, d. The spark at 
b is produced by a small induction coil, e, when the primary circuit 
of that coil is opened, and simultaneously a spark occurs at c, 


Fin. 2. 



making a small mark on the smoked strip. A hole in i one * A 
the explosion chamber communicates with * contact J 
carried on a slide, /. This contact breaker consists of * 
and very light silver disk, g (i inch in diameter), « 

pair of 'contact pegs, h, and arranged to lean against the 
face of an insulated contact piece lho par s ft and 
nectcd to the primary of another induction cod, J. ^ 
of which id connected to a second #\mk gap, » 




INTEBVAL IN gaseous explosions. KJ07 

condenser is arranged across the contacts h, i to suppress sparking 
at the disk, and a variable resistance and an ammeter are provided 
i„ a primary circuit, so that, if necessary, the current prior to each 
experiment can be adjusted to a predetermined amount 
After the slide has been moved downwards to cover the hole in 
the explosion chamber the latter is exhausted, and a charge of 
previously prepared gas mixture is admitted. The slide is then 
returned until the contact breaker disk is oppodtc the hole, and 
the gas is ignited by a spark at b. A record of this spark is made 
y the simultaneous spark at r. As soon as the pressure pulse 
due to the development of flame reaches the contact breaker disk 
,t blows the disk away, and by interrupting the primary current 
in the coil, j, causes a recording spark to occur at the second gap k 
Thus two records are obtained, one corresponding to the passage 
„f the igniting spark and the other to the attainment of sufficient 
explosion pressure to displace the contact breaker disk 
The device is extremely sensitive, and it was found that the 
pressure pulse due solely to the passage of the igniting spark was 
sufficient to operate the disk. ( Vuis, | v the explosion chamber 
had to be inclined sufficiently to allow the weight of the disk to 
counteract the effect of the igniting spark. 

Before any significance could be attached to the time interval 
between the two spark records obtained on the smoked strip it 
was necessary to measure the time lag in the- operation of the coil , 
eon robed by the contact breaker disk. This was found to be 
negligible. The time taken for the pressure pulse to travel from 
ihe region of the .gnitmg spark to the disk (a distance of K, inches) 
was also negligible. 

l sing a mixture containing 25 por cent, of < 
flic time interval between the two recording 
bo 0*0005 sec. 

The next step in the investigation was to obtain a normal 
pressure-tune diagram will, the same gas mixture A small 

STnd wS" kT ' VaS mU ' , ‘ 7 th in,ti " ll, ' r " f the diaphragm 
tL rii!n ‘ an " 4mm S,lark W ^""ted - iml.es awav from 
p iragm , it was not jmssible in t he second explosion apparatus 
rrauge the spark gap at the same distance fix,!,, the diaphragm 

but the oT'iT' S,K,rk m * nd <ii<k in "' v 'imt experiments 
rniLL? "V" ,hC inch is negligible. Bv 

ireeord S n f K,,n,! ' i ! mrk m senes with the igniting gap. 
recoffi rf tho passage of the igniting spark was obtained The 

wing wT ' S ' *' t!,< ' ,lHra,i " n ° f l ln ‘ l'tvssure interval 
kouipaimg the results of the two experiments. it will be’ seen 


•>al gas ( Birmingham ) 4 
> parks was found to 
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that S7’5 per cent, of the pre-pressuro interval in the re- 
time diagram is due to lack of sensitiveness in the indicator 
Bearing in mind that the contact breaker disk in the first export 
ment had to be arranged to exert sufficient, pressure to resist the 
pressure pulse due to the igniting spark, it is reasonable to conclude 
that the pre-pressure interval shown in kig. 1 is mainly an indicator 
effect. It follows that the true origin of the pressure curve [a 
separated from the instant- of passage of the. igniting spark by 
interval not greater than that required for a pressure pulse tu 
travel from the region of the spark to the indicator. 

Tins Marks axi> Cr.KUK Laboratory, 

lJiRMixcii am. April 2llft, t 


CLll . — -Substitution hi the Pyrazok Series. Hulvfjm 
Derivatives of 3 : Dimethyl pyrazok. 

By Gilbert T. Mom; an and Isidore Ackerman. 

The amino-derivatives of the pvrazole series resemble aromatic 
amines in regard to the diazo- reaction, and an earlier investigation 
has demonstrated the exceptionally stable character of the di- 
azonium salts from 4-amino-3 : 5-dimethylpyrazole (Morgan and 
Keiily, T., 1914, 105, 430). An attempt has now been made to 
employ these diazo-dcrivatives as synthetic agents in the production 
of substitution derivatives of 3 : a-dimethylpyrazolc. The results, 
however, are disappointing, for although iodine can be introduced 
into the pvrazole nucleus through the agency of diaztmium suits 
the yield of 4*iodo-3 : n-dimctiivlpyrazolc is much less than by direct 
iodination. 

3 : i)-J)i)n>thpip}/rato}> A-std phonic arid is readily produced by 
direct sutphoiuilion, whereas the Gattennaiin diazu-proeess does 
not lead to a smooth replacement of the diazoiiium complex by a 
sulphinic radicle. 

The halogen substitution products of 3 : •Vdiuietliy [pvrazole 
are obtained with remarkable facility by direct hah vge nation. 

iodination occurs much more readily than in the benzene series 
for when 3 : o-dimethylpyrazolo hydrochloride is treated with 
iodine chloride hydrochloride the initial product is -l-iw/o-3 :<> 
dim* thylpiimziAt iwitjrhlofidi hydro? fdoridv (I), a very read ice 
compound which, easily losing its addenda, pa.-ses into 4*r odo- 
3 ; ’)-di m *. thyl pytvzolr ( 1 1), a substance which is also obtained directly 
from 3 : "Mlim ethyl pvrazole in ipiantitative yield by the action of 
aqueous potassium pcriodidi 1 in the presence of sodium acetate* 
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OMereiXo 


„„ .11*,. . W1U.VJLA# 

The lodo-derivative is a hi<'hlv 

bichloride or dibromide (formula Ilia or IIlTTXere xVrf * 
Br). Owing to the two fociof maturation, the iodine atom md the 
.nuno-group, it is imposs.b e to decide with certainty between the 
two formulae for these additive products. All attempts to convert 
the lodo-dichlorldc into lodoso- and iodoxy-dcrivative, failed and 
consequently it was not found possible to obtain iodii urn bi 0 f 
the pyrazole senes. J 

4-Iodo-3 : o-dimethylpyrazole (II) has distinctly basic nronerties 
font can be aeylated giving the aulyl or derivative and it’ 

(V? ^ ° S " ,C CM0m ^ (IV) and 

(1V0 [(ii:cMc >NHH ■ • •] AnC, 4 [a:cM^> XH H . . .]<cptci 6 (v.) 

During various attempts made to prepare iodoxydimethvlpvrarole 
by oxidising the iodine substituent in hiodo-S : .>dimc.hvlpx W .ol 
it was noticed that the methyl groups were first attacked the 

wereridemrified ” U ° OXid “ ,io ' 1 Panels 


hv .N-=C-C0 2 H 

HiN< t\Ve:ci 




t, Y / x — Ole 

h - n< ch:ci 


... <vr ° evil.) (VIII.) 

, ™ -mdhylpyrazoh.r,. carboxylic acid (VI) is obtaSlwd 

"vil) anirr'-'rf^T 84 V'; 1 " ’ h,|W 4 or 'i-carboxylic acid 

} W ™ ; * <VIH) are with ‘alkaline 

nidation of rin ' ,7?"°" < ' i " e ' 1 ' , ° complete removal by 

279 -’IS- \r i " r0U P (‘""'pare Knorr. Annahn, 1$94 

- llS i Marchetti, GuzzrtUt oo rill \ 

Bcr., 1894, 27, 1007) ' 22, ^ ^ Kottenberg, 

3 ■ *-* * „„„ 






pi. 


(X.) 


% i.ui*.LKr 

(X) retains 


vol - parties of the unsuhstitnted "£££ 
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acetyl and a benzoyl derivative and forms well-defined, crystalline 
salts, such as the hydrobromidc and chloroaurate. An orange 
perbromide. (IX) is produced when bromine is added to 3 : n-di. 
niethylpyrazole, dissolved in hydrochloric acid. The constitution 
of this substance is, however, open to the same uncertainty as that 
indicated in the case of the dichloridc and dibromide of 4-iodo- 
3 : 5-dimethylpyrazole, but the evidence is rather in support of the 
view that the active bromine is associated with nitrogen rather than 
with the bromo-substit uent . Similar perbromidcs have already been 
noticed in the pyrazole series (Sjollema, Annalen, 1804, 279, 248) 
and among tetrahydronaphthalenc derivatives (Morgan, Mickle- 
thwait, and Winfield, T., 1904, 85, 736). 

3 : o-Dtmclhyl pyrazole A-azo-^-diketones. 

In studying the reactions of 3 : 5-dimethylpyrazole-4-diazoniuni 
chloride it was found that this non-aromatic diazo- derivative 
would couple with those p-diketones and (3 -koto-esters which contain 
potentially the group CO'CHj’CO, but would not condense with 
those substituted 3-diketonos and [3 -koto -esters containing the group 
COCHX-CO. This result suggests that the condensation products 
are tautomeric substances having the hydrazone structure (XI), 
whereas irt alkaline solution they have an enulie constitution, yielding 
red sodium salts and developing intense red colorations with ferric 
chloride. 

OH 

(XJ.) (XU.) 

X-CH 3 , C,H 5f or OC,H 3 . 

Recent researches on the dike to lies (this voh, p. 44.")) indicate, 
however, that in certain conditions enolisatioii may occur by 
migration of hydrogen from n terminal methyl grout), and in this 
contingency the development of enolie properties would not Ik an 
indication of the presence of the azo-phase (XII). 

K x p k k i m (■; x t a h. 

4>.4mi'ho>3 : .7 -dim* thyl pyrazole. 

3 ; 3-Dimcthylpyrazolo (in. |>. the starting point in this 

research, was prepared from aeetylacetonc and hydrazine sulphate 
by Kosengarten’s method {Annul* n. IS94, 279, 1*37), the yield with 
purified reagents being theoretical. The nitration of 3 : o-dimetbyl- 
pyrazole formerly carried out with fuming nitric acid (Morgan and 
Reilly, T., 1914, 105, 430) often proved to he uncontrollable, leading 
to tariy products; it was improved by using the process adopted 


NH-CMc^ C,:NH NX NjOX NH’CAh' C< C0X 
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in prepanng 4 -mtro- 3 : 5-dimethyItsooxazolc (Morgan and Burgess, 

l < t ’ ,1 9) ' S f 1X °. f nitrio aci <l (<* 1-42) were slowly 

added at 0 to 10 c.c. of -sulphuric acid (d 1-84) containing 5 grams 
of disso vcd 3 : S-dimethylpyrazolc, when (he colour of the solution 
changed from intense to light yellow; a further 20 ce of concen 
(rated sulphuric acid were added, the mixture was left oyer-night 
and heated on the water-bath for three to four hours until red fumes 
were no longer evolved. The nitration mixture, poured on to ice 
was either extracted repeatedly with ether to remove the dissolved 
nitro-compound or the latter was precipitated in colourless needles 
Oil neutralising the acid with sodium hydroxide. The ethered 
extract also yielded these needles, which, after recrystallisation 
from water, netted at 120‘. The yield fay either procedure was 
practically quantitative and the cheaper precipitation by alkali was 
generally employed. 

The foregoing nitro-compound was reduced to 4-amino-3 • 5 
(hmethylpyrazole dihydrochloride fay tin and hydrochloric ' acid 
(Morgan and Reilly, toe, eif .), the yield being 77 per cent, of the calcu- 
lated amount, but a quicker method of obtaining the free base in 
85 per cent, yield w as achieved by the process used in the preparation 
of 4-amino-3 : o-dimethylisooxazole (.Morgan and Burgess, toe at 1 
Seven grains of the nitro-eonijiaund, dissolved in 100 c e of moist 
ether, were reduced completely by adding a large excess of amalea 
mated aluminium foil A vigorous reaction ensued, the containing 
flask being cooled; the solvent was subsequently distilled oil and 
ho residue of amine and aluminium hydroxide extracted with 
boding alcohol, 4-annno.3 : o-dimethylpyrazolc crvstallisin* in 
tolouiless prisms from the concentrated extract. This has/ was 
characterised by its condensation products with aromatic aldchvdes 
prepared by the same general method of heating the generators in 
dilute alcohol under reflux. These Schitf bases were soluble in 
organic .solvents except mg light petroleum. 


mth>! 
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The condensation between 4-araino-3 : 5-dimethyIpyrazole and 
aqueous formaldehyde led to a more complex product which 
separated as a white powder iusoluble in all organic solvents 
charring gradually on heating but with no definite melting point 

below 300° (Found: N = 27-54. [^HO-CH 2 -N<g j 
requires N — 27 *45 per cent.). 

Reactions of 3 : 5-DimethylpyrazoleA-dmzonium Chloride. 

All attempts failed to condense the exceptionally stable 3 ; j. 
dimethyIpyrazoIe-4-diazonium chloride (Morgan and Reilly, j 0Ci 
e<7.) with 4' amino -3 : 5-dimethylpyrazole ; the expected diazoaimue 
was not obtained even on varying considerably the experimental 
conditions. In t lie presence of aqueous sodium acetate this diazonium 
chloride coupled readily, however, with (3 -diketones and {Lketo* 
esters containing the group CO'CHyCO, but condensation did not 
occur with methyiacetylacetone. The presence of two mobile 
hydrogen atoms appeared to be an essential condition for this 
reaction. 


Azo-dcrivative. Appearance. M. p. 

3 : o-Dtmethylpyrazok'-i-tKoacd)ilaceto>u\ Golden -yellow 184° 

[Found : N = 25-45. Calc., X - - 25-23 needles. (dccom- 

per cent.] _ position). 

3 : 5-Dimdhylpyrazole-l'azobtnzoylacttvni'. Light yellow need U-s. 1611— Kg’ 
[Found : X — 19-85. Calc., X — 19-72 (ilec-om- 

per cent.] position). 

Ethyl 3 : Z-diincthylpyrazoU A azoacilu- Orange yellow hip 

ucc/a/c. crystals. 

[Found : X — 22-51. Calc., X = 22-22 
per cent.] 


These azo -derivatives gave red sodium salts which developed 
intense red colorations with ferric chloride, thus indicating the azu- 
enolic structure in alkaline solution. 

4 -Mo- 3 : ~>-(Umithylpyrazok. 

1 .From 4-.4mino-3 : H-dinuthylpyrazok. - A solution of 3 : 5- 
dimcthylpyrazoIe-4-diazoniuni chloride prepared from a grams of 
4-amino-3 : 5-dimcthylpyrazolc dihydroehlorido, 5 ex. of concen- 
trated hydrochloric acid, 17 c.c. of water, and 21 grams of sodium 
nitrite was added to a boiling solution of 35 grains of potassium 
iodide in 50 e.e. of water, the mixture being warmed at 100 under 
reflux until nitrogen was no longer evolved. The solution, now 
containing a black oil, was made alkaline with sodium hydroxide, 
when a thick, white precipitate separated. The oil solidified on 
cooling; the total precipitate was shaken with sodium tli k*sulphafe 
to remove iodine and dissolved in hot aqueous alcohol, this operation 
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being repeated until i-iodo-3 : 5-dmethylpyrazole separated as an 
asbestos-like mass of flattened, feathery needles melting at 137°. 
This iodo-compound, which had a characteristic persistent odour 
resembling that of the halogenated phenols, was very insoluble in 
cold but more soluble in hot water; it was dissolved by ordinary 
organic solvents, appreciably volatile in steam, and revealed a basic 
character by its ready solubility in aqueous acids (Found • \ _ jo.g 7 . 
1 = 57 37. C 5 H 7 N 2 I requires N = 12-61; I = 57-20 percent^ ’ 
By the diazo-rcaetion the yield of this iodo-compound was never 
more than GO per cent, of the calculated quantity and the product 
was difficult to purify. v 1 

-• From 3 : »Dim«hylp,jmvk.-A solution of 15 grams of iodine 
in concentrated aqueous potassium iodide was added to a boiling 
mixture of three grams of 3 : 5-dimcthylpyrazole, 5 grams of sodium 
acetate, and 20 c.c. of water heated under reflux. The liquid assumed 
a faint yellow colour and a colourless oil separated. On cooling 
the oil solidified and the solution became filled with a crystalline 
precipitate of the iodo-derivative, which after one crystallisation 
from alcohol melted at 137% the yield being quantitative (compare 
Bougault, J. Pharm., 1800, [vj], 11 ion). (compare 

Another method for the direct introduction of iodine into 3 -5- 
dimethylpyrazole is described on p. 1315. 

AcelyU-iodo-3 : H-dimethylpyrazoU, obtained by mixine the iodo- 
compound with cold acetic anhydride, crystallised from dilute 
alcohol in colourless, prismatic crystals melting at G-’o— 63-5’ 
This acetyl compound, which was' insoluble in' water" dissolved 
in ordinary organic solvents (Found: X = 11-03- ’ I - i«-n 
C ? H,0X 2 I requires X = 10 61 ; I « 4810 per cent.) ’ 
Be.nzoyU.iodo- 3 : o-dirndhylpyrazok, produced bv mixine m olc- 
o ar proportions of benzoyl chloride and the iodopvmole in ethereal 
solution, was deposited as a colourless, crvst'alline precipitate 

"V r0 "i v M in chW0rs tlf needles inciting 

«o?“ 8-C3: 1 ^ 392 °- l '«»uOX*I require: 

, ~ : Jj ' 1 =: 3,va ’ P" «“«.). The two foregoing acvl derivatives 

have characteristic odours. ' 

idodo- 3 : 5-C iimdhylpyrazok Moroni, n,U (formula IV). an oraime- 
1 ' n T‘ 1 ' i,a,< ' 0,,,ainc ' 1 Sr " m ‘he iodo-compoumi 

“ “s, k r; f-;:!"”"' .1 IT. oLt , 

JZj* V). a light 

0r ystallinr precipitate melting at 215- ,>o 0 

rr , 1 ^ require Ft J-S3^r 

wwir dLlrr ,,8 J -r- n ’ ,es saits •' ,i,i " ,u " h **iune 

er > dissolved readily in alcohol. 



1314 


MORGAN AND ACKERMAN : 


Additive Compounds of 4-/otfo-3 : 5-dimethylpyrazole. 

1. i lodo-d : 5 -diimthjlpyrazoU Dichloride (Formula Ilia or b),-^ 
Dry chlorine was passed into a cooled chloroform solution (l in 6) 
of the iodopyrazolc until the solution assumed a yellow colour and 
solidified to a moss of yellow needles of the dichloride melting 
at 85 — 88° with previous softening. The product was very volatile 
at the ordinary temperature, the vapour being lachrymatory. 
The active chlorine present was estimated by liberation of iodine 
from potassium iodide. The results obtained with freshly prepared 
specimens were high, indicating a further addition of chlorine to the 
imino-group (Found : after two to three hours on a porous plate, 
01 = 24 ‘00, 24*88. C 3 H 7 N.>IC1 2 requires Cl — 24 23 per cent.). 

The action of dilute aqueous sodium hydroxide on the dichloride 
was complicated and destructive and nothing corresponding with 
the aromatic iodoso-derivatives was isolated. The direct oxidation 
of 4-iodo-3 : 5-dimethylpyrazoIc to an iodoxy-derivativc by Caro's 
acid, acidified permanganate, or bleaching powder was attempted, 
but without success ; the iodo- compound either remained unchanged 
or was destroyed completely. 

A-Iodo-3 : 5-rf imethyl pyrazolr Dibromulc (Formula Ilia or />).— 
On adding successively bromine (1 mol.) and light petroleum to 
a chloroform solution of the iodo-eom pound (1 mol.), a precipitate 
consisting of brick- red needles was deposited. The product was 
volatile and lachrymatory and melted indefinitely at 78—81' to 
a deep viscid liquid ; it liberated iodine from potassium iodide and 
was decomposed by moisture or cold alcohol (Found : Br — 40*48, 
40*84; X = 7*51. C 3 H 7 X 2 IBr 2 requires Br = 41*80; X ~ 7’34 
per cent.). 

4-/odo-3 : o-dinuthylpyrazok Iodochloride Hydrochloride (Formula 
I).— -A solution of iodine chloride hydrochloride (Schutzeubcrger, 
Compt. rend., 1S77, 84, 3S9) was prepared by boiling under reflux 
5 grams of sodium nitrite, 5 grams of potassium iodide, and 2t! c.c, 
of concentrated hydrochloric acid until red fumes ceased to be 
evolved. The brown solution was extracted with ether and the 
solvent removed, leaving an orange-red liquid, containing K1HU, 
which was slowly added to 3 grams of 3 : 5-dimethylpvrazole in 
10 c.c. of concentrated hydrochloric acid. The colour of tk 
solution disappeared and a voluminous precipitate of yellow pkU> 
separated, melting sharply at 1 1 1 with frothing (Found : N - : 
active (3 7*50, 7*04;' active 1 27 03, 27*32. C-H^VA 

requires X — fi'65; active Cl 8*43; active I -= 3U*I<> per cent. )■ 
The iodochloride hydrochloride was an unstable, very reactnc 
substance hydrolysed by water, liberating iodine from potassw® 
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iodide solution, and decomposing aqueous sodium thiosulphate 
with liberation of sulphur. It gave with starch the characteristic 
blue colour, and was converted quantitatively into 4-iodo-3 ; 5- 
Jimethylpyrazolc (m. p. 137°) by the action of 10 per cent, aqueous 
qodium hydroxide, so that this decomposition gave a third method 
for preparing the iodo -derivative. 

When dissolved in cold alcohol containing a little water, the 
iodochloride hydrochloride changed slowly into i-iodo -% : 5-dt- 
vielkylpywzole hydrochloride , which separated in long, colourless 
needles melting at 100° (Found : X = 10 81 ; I -f Cl — 62*00. 
0 rH 7 N,I,HCl requires X = 10 83; I -f Cl - - 02*8.3 per cent.). 

Oxidation of i-Iodo-S : 3 -di methyl pyrazok . 

Three grams of the iodo-compound were added to 4*3 grams of 
potassium permanganate and 5 grams of potassium hydroxide 
dissolved in 50 c.c. of water. Oxidation occurred even in the cold 
and the solution was completely decolorised on boiling. The 
filtrate from hydrated manganese oxides was acidified, when greyish- 
white 4-iodo pyrazohearboxyl k add (formula VII) was precipitated. 
This acid was odourless, amorphous, and insoluble in water or 
alcohol; it dissolved readily in alkalis. The melting point was 
indefinite from 70° onwards, the substance decomposing with 
frothing (Found: X ~ 11*90; I = 52-91. C 4 H 3 0 2 X 2 I requires 
X = 1177 ; I — 53*35 per cent.). 

The silver salt, C 4 H 2 0 2 X 2 IAg, a white precipitate from silver 
nitrate and the acid in ammoniacal solution, gave Ag — 31*01 
(Calc., Ag — 31*30 per cent.). 

4-/wfo*3-(or o-)mtthyf pyrazolc (formula VIII) a colourless base, 
was extracted by alcohol from the manganese oxide precipitate 
accompanied by a small amount of the unaltered 4-iodo-3 : 5- 
(limethylpyrazole. The mixed bases were dissolved in concentrated 
hydrochloric acid and the solution was diluted with water, when 
4-iodo-3'(or 5-)mcthylpyrazoIe was deposited : the higher homologue 
remaining in the filtrate was afterwards precipitated by alkalis. 

4-Iodo-3*(or 5-)mcthyIpyrazo!e was redissolved in hydrochloric 
arid and reprecipitated by water and finally crystallised from dilute 
alcohol; it separated in colourless needles and melted at 183 — 187' 
(Found; X -13*42: I 60*1)5. ( 4 H-X.,1 requires X — 13*46; 
1 01*05 per cent.). 

Th v chloral u rale and chloroylatinafr were orange-yellow, crystalline 
precipitates resembling the corresponding salts of 4-iodo-3:5- 
dimethvlpyrazole [Found : Au - 35*32. ( 4 H 3 X 2 1, HAuCl 4 requires 
Au - 35*95 per cent. Found: Ft - 23*31. (V 4 H i X 3 I) 2 H 2 FtCl 6 
requires Ft = 23*60 per cent.]. 
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4 /<x/o*3*(or 5- ) m efhyl pyrazolecarb oxylic acid (formula VI), an 
amorphous, white substance melting at 237° insoluble in water 
or alcohol, was produced by adding 3 grams of 4-.odo-3 : o-d, methyl- 
pvrazole to 9 grams of potassium permanganate in 00 c.c of water; 
the colour rapidly disappeared, carbon dioxide was evolved and 
the decoloration was completed by warming at 100 for an hour. 
Acidification of the filtrate led to precipitation of the carboxylic acid 
(Found : N = 1M0; I = 50-53. C 5 HANJ rw l u,rcs N * 1H > ■ 

I = 5040 per cent.). . , , .. 

The white silver salt precipitated from ammomacal solution 
gave Ag = 30-12 (C 5 H t 0. 2 N 2 IAg requires Ag = 30 08 per cent .). 

4-Bromo-Z : it-dimtthylpyrazole (Formula X).— Bromuic (1 mol.) 
was added slowly to 2-5 grams of 3 : 5-dimethylpjTaxole and .3 
grams of sodium acetate in 50 c.c. of cold water and the solution 
then heated to boiling. An oil separated and solidified on cooling; 
and after crystallisation from dilute alcohol the bromo-dematiu 
separated in flattened, colourless needles melting at 118 (hound. 
X = 16-46; Hr - 45-42. C 5 H ; X,15r requires X = 10-02; 

Br = 45*08 per cent.). , , 

4-Bromo-3 : o-dimethylpynizole had a ,, leasant odour less per 
sistent than that of the iodo-derivative ; it dissolved m hot water 
or in the ordinary organic solvents. It had basic properties, 
yielding salts and acyl derivatives. 

* The chloroavrate, an o, angered, enstal ine salt softeiie. at Ifcr 
and melted at W-l*' J 

winding salt from iododimethylpyrazole, and the el, loro- 

nlatinate is even more soluble. , . . . 

P 1 -Acetyl-3 : dimethyl, separated from > dtlute ak-ohoi m 

colourless crystals melting at 38 (Found: X-=y--«, >r-- J ‘ • 

(' H.OX.Br* requires X 12-91 ; Br - 30-80 per cent.), lie 
ben-oiil (derivative, obtained by the method employed in ben/niiat- 

Br — 2840. r lg H n UXJ ir N " lU ‘ (U> " P 

CC On ' adding bromine to a solo t ion of 3 : 5-dimetlA^ » 
concentrated hydrochloric acid, the halogen was at ins ah ^ 
and then a wclf-dcfinod, orange-n-d. crystalline compound «pa a 
which proved to 1* so reactive that it could only U- nr AalM 
from a mixture of ehlon.form and liglit petio' nm, ' ^ 

obtained in orange-red, hygroscopic ■ nmlk* nwlt g . t " ^ 

,, i v ■ Br - 71 ’27. 1 41 7 N.,Br 3 n<pnn* - 

*— - 
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ium iodide, the amount corresponding with 30-9 per cent, of active 
bromine- 

This perbromidc dissolved in alcohol to an orange solution which 
on warming became decolorised, evolved acetaldehyde, and yielded 
colourless, aeicular crystals of 4-bromo-3 : 5-dimcthylpyrazole 
hydrobromide melting at 174°. The hydrobromide was also pro- 
duced on dissolving the orange compound in warm benzene. When 
added to cold water, the orange compound was transformed into a 
red oil with liberation of bromine. On warming the mixture, the 
oil dissolved, the yellow solution rapidly became colourless, and on 
cooling 4-bromo-3 : 5-dimethylpyrazolc separated. 

With 5 per cent, aqueous sodium hydroxide the orange compound 
changed successively to a pasty rod solid and then into the colourless 
bromodimethylpyrazolc. 

t-Bromo-S : 5-dimrthyljnjrazolc hjdrriromidc, obtained from the 
orange perbromidc in several of the foregoing reactions in colourless 
needles (in. p. 171"), had a pungent aromatic odour and dissolved 
in water to an acid solution (Found : X — 11-23; Br ion = 31-01 - 
total Br — 0213. ( , 5 lI 7 X' 2 Br,HBr require* X = 10*05; Br -- 31*23 
and 02-17 per cent.). 

l'Cfdoro-3 : o -dimethyl pijrazole was preferably obtained by passing 
chlorine into a solution of 2 grams of the pyrazole in 200 c.c. of 
water. An oily product separated which was extracted with 
chloroform. The oily residue from this solvent solidified rapidly 
and after one crystallisation from alcohol melted at 05 : (Found : 
X — 21s>l; Cl — 27*19. C-H-X'Xl requires X v = 21*40- Cl — 
27-20 per cent.). 


4-Chloio-3 : u-dimefhylpyrazole was less basic than the corrc- 
spending bromo- and iodo-derivativi >-. It did not react with 
acetic anhydride or benzoyl chloride and gave no sparingly soluble 
ehloroauratc or ehluroplutinato. 

3 : j-I)im<thfli>yrazok.i-Ml[,hohic Acid -The crystalline form 
of the barium salt of this acid lias been studied hv Zsehimmer 
(j. Krirt. Min., 1S9S, 29, 331), but this reference ha.; no mention 
Of the preparation of the acid. 


Ihreo grams of 3 : o-dimothylpyrazole. dissolved in 10 c.c. of 
fuming sulphuric acid (20 jkt cent. SIV,). Mere warmed for six hours 
on the water-1, ath. The cooled solution, diluted with water and 
neutralised with barium carbonate, was tillered and concentrated. 
'Hen tabular crystals of the barium salt Mere deposited [bound- 
* -21.91. (( V f,N VJW , requires Ha 2.-13 per eent.l 
nt calculated quantity of dilute s,il].|iurie acid was added to 

unt'l'u *-T n * >:,rium a, 'd the tilt rate concentrated 

4:0 d<n ' at >y J mazoU:-Uu} phonic acid separated. This acid, 
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which is very soluble in water, crystallised in hygroscopic, -flattened 
needles turning brown at 200° and melting at 287—288° (Fount! : 
X - 14-07 ; S - 15-59. C 5 H 7 N 2 S03H,HH 2 0 requires N = 13-79; 
g = 15-76 per cent.). The acid was sparingly soluble in boiling 
alcohol; it lost its water of crystallisation at 115°. 

3 : fr-Dmeihylpyrazde-i-sulphonyl chloride , C 5 H,N 2 *S0 2 C1 } was 
obtained by the action of phosphorus pentachloride on the dry 
sulphonic acid or its barium salt. The mixture, added to cold 
water gave a colourless solid which, when crystallised from dry- 
ether ’ separated in clusters of feathery needles melting at 10(P 
(Found : N - 14-31 ; S = 16-32. Calc., N = 14-40 ; S = 16-45 

percent.). . . 

The yield of this sulphonyl chloride was poor, only 0*2 gram being 
obtained from 1 gram of the acid. The foregoing barium salt was 
distilled with dry potassium ferrocyanide, but the volatile product 
was 3 : 5-dimethylpyrazole (m. p. 106-3°) and not the expected 
nitrile of this substance. This nitrile was not obtainable by the 
Sandmcyer reaction from the aminopyrazole. 


The authors desire to express their thanks to the Advisory Council 
of the Department of Scientific and Industrial Research for grants 
which have helped to defray the expenses of this instigation. 


QLlff. The Adsorption of the -B and -(.■ Members 

of the Radium and Thorium Series by Ferric 
Hydroxide . 

By John Atinoi.o Cranston and Robert Hitton. 

In a previous paper oil tins subject (Cranston and Hutton T 
10 )O 121 2843) it has been shown that at a given aculiU e 
atomic ratio thorium-/- 1 to thorium-C adsorlnd by colloidal feme 
hydroxide is greater than the ratio of radium-// to radnnii- 
adsorlad and that this different lahavio.tr » "u.mtamed ahu 
the adsorption is earned out in a mixed solution of the fern nuiu- 

<M "t was to la- e \ ported that the initial eotieent rat ions of tlas 
four suhstan. es would la- a determining farlor in the ' 
ratios adsorbed. These initial eoneent rat ions were k no ^ 
approximately in the work previously carried ‘"it, •>" • 

desirable to perform further experiments m which » 
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t rations were accurately known so that quantitative relationships 
could be observed to test the colloidal theory put forward. 

Accordingly, in the first scries of experiments solutions of 
thorium -5 and radium-73 were left for four hours and forty-five 
minutes respectively, to ensure radioactive equilibrium with the 
jC members. 

Series 1. — The procedure was as follows. The active deposit 
of thorium, obtained in the usual way by exposing a negatively 
charged platinum plate to thorium hydroxide, was dissolved in 
10 e.c. of 0 001 A f -hydrochloric acid, and the solution left for four 
hours to attain equilibrium. The radium active deposit, obtained 
hv exposing a negatively charged platinum wire to radium eman- 
ation, was dissolved in a further If) e.c. of acid of the same strength 


Fio, 1. 



and the solution left for forty-five minutes. This operation was 
carried out so that both solutions attaint'd equilibrium at the same 
time. The solutions wen* mixed and the adsorptions carried out 
by adding 2 c.c. of a colloidal solution of ferric hydroxide (dialysed 
free from hydrochloric acid). A drop of sodium sulphate was 
added to precipitate the hydroxide, which was then rapidly filtered 
ami dried, the activity being determined at short intervals in the 
x-ray electroscope. A decay curve was thus obtained representing 
the combined effect of the radium and thorium members, and 
readily capable of analysis so as to give the two ratios Ka-/f Ka-C 
ami Th-Zf/Th-t' (see previous paper'. Three decay curves obtained 
in this way are shown in Tig. I. Tin y give the following ratios : 

i. i?. ;t. 

Ra-E Ka-C udfsn rl>e<l o go u-ls oi!l 

Ih-lOTli-C 1 iutsorlvd L* l t 

Mean ratio Ita-ii/Ua. (/ — 0-20. . . pqj; mean ratio Th-U/Th-T - 2-3 , . . \b x ). 
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Before adsorption the substances were present in radioactive 
equilibrium, that is, Ra-#/Ra-C = 1*3 . . . Th-#/Th-C - 
10*6 . . . (ft,). 

Hence, before adsorption ft a /d 2 = 10*6/1*3 — 8*16; 
after adsorption, — 2*3/0*2 — 11*5. 

Thus it would appear that a partial separation of the isotopic 
elements Ra-(7 and Th-G 7 can be obtained by means of adsorption. 

It was noted by von Jlevcsy {Phil. Mag. t 1912, [vi], 23, 028} 
in his investigation of the electrochemical properties of the .fi 
and *(■ members, by depositing them on metallic electrodes at 
varying potentials, that radium-0 could be separated in a pun? 
state than either thorium-0 or actinium-O, that is, less contamin- 
ated by the - B member. He concluded that cither there arc small 
differences in the electrochemical properties of the three -f; 
members, or that there is a greater probability of some thorium.^ 
separating out with the thorium-0 owing to the period of 
thorium-# being much longer than that of radium-#. A parallelism 
has already been shown to exist between the electrochemical and 
adsorptive properties of these elements (Cranston and Burnett, 
T., 1921, 119, 2036). 

iSeries 2. — It has been found that when an active deposit in which 
the -# and -O members are in equilibrium is dissolved off a platinum 
plate or wire by 0*00LY-hydrochloric acid, the solution contains 
a largo excess of the -B member over the equilibrium amount, 
With lapse of time, the ratio of the -C member increases in such 
a solution until it is in equilibrium with the -# member. By 
leaving such solutions for different intervals of time, convenient 
sources of these elements in different relative amounts can be 
obtained. 

. The first set of experiments in this series was carried out with 
radium-# and radium-f. An active deposit was obtained oil the 
platinum wire as before and left for twenty minutes before dis- 
solving in O'OOLY-acid, so that the effect of the radium-. I would 
be negligible. Jn successive experiments, adsorptions with colloidal 
ferric hydroxide were carried out at varying intervals after dis- 
solving the deposit. The atomic ratio was determined for cad 
experiment from the corresponding decay curve in the mawr 
described in the previous papers, and the following results were 
obtained : 

Tirno in iniuutrs 5 K 115 15 IS 20 25 !! 1 ' 4H 

Atomic ratio, Ha-/; Ka-r; Ms 0 s2 0-112 U-5G 0-50 0-45 <Kt7 IK!- 0*-'- 

The f graph of these results is shown in curve I, big. 2. Curve - 
will be explained later. 
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The next group of experiments were performed with thorium -5 
and thorium-C. An active deposit was obtained on a platinum 
plate and dissolved off in (VOOliV-acid. Adsorptions were carried 
out as before, but the solutions were left for longer periods after 
dissolving the deposit. The following ratios were obtained : 

Time in hours 0*15 0-35 1 0 2-0 3-0 4-0 

Ratio Th-if/Th-C adsorbed 10*3 7-5 38 2-D 2-7 2-5 

The graph of these results is shown on Fig. 3. It is seen in both 
eases that with lapse of time there is a regular decrease in the 


Fig. 2. 



ratio of the -J3 member to the -C member adsorbed. It now becomes 
necessary to determine whether the decrease corresponds with the 
iltmtion of the initial relative concentration of these elements 
n the solution immediately before adsorption. Accordingly, in 
the next series of experiments oil the radium active deposit, a 
portion of the solution was removed immediately before the adsorp- 
tion was carried out, rapidly evaporated to dryness, and the ratio 
HavS/Ra-C determined by the decay curve. Different initial 
concentrations were obtained in successive experiments by keeping 
the solutions for various periods after dissolving from the wire. 
Series 3.— 

Hutio Rn-B/Ra-C’ present Indore 

: adsorption 3-2.7 3-1 2-0 1-S Hi 1-3 

yfuio Ru-ZJ Ra-C adsorbed 1 15 11 0-6 U-55 (M5 U-2 

I fhe graph of those results is shown on Fig. 4. It is apparent 
|that the concentration of radium -If and of radium-C in the solution 
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immediately before adsorption is not the sole factor in determining 
the amounts of these elements adsorbed, but that in some wav 
the age of the solution is involved so that the longer the .stiluticm 
has existed the greater the relative amount of the -<7 im-suLtr 
adsorbed. If this time factor were connected in any way ^ith 
the rate of growth of radium -(■ and thorium-O, it would not operate 


Via. 3. 



0 05 1 0 1-5 20 2*5 3 0 3*5 4 0 

Time in hone*. 


Kns. 4. 



o I) j |i .| o-ii U S H» 12 
linti't ft. J.[{;7: r-c ‘I'hmb.'L 


equally in the two series, and the dilferent behaviour of the? 
isotopic elements obtained ill the experiments of senes I would k 
expeeted. 

An explanation of this phenomenon, put forward in the 
previous papers already referred to, may Ik* summarised here * 
follows, ill 0'0ULV*aeid solution a small proportion uf the ■ 





AND -c members of the radium and thorium series. 1323 

and - C members exists as negative colloid and is in a state suitable 
for adsorption by the positively charged ferric hydroxide hvdrosol 
The colloidal - B members form aggregates of negative charge and 
with lapse of time decay gradually into the -C members which are 
held in these colloidal aggregates, and are adsorbed owing to the 
predominating influence of the remainder of the -R members 
Thus, as time goes on, the proportion of -C atoms in a suitable 
state for adsorption is increased in a regular manner 

The experimental results given in this paper provide sufficient 
data to test this theory quantitatively. 

Let P and Q be the number of atoms of radium-/? and radium C 
respectively, present at time t, and * and y be the fractions of 
P and Q, respectively, which are in a state for adsorption From 
lj. 4 a point can be selected where PQ :H and the ratj 
adsorbed rP/yQ = I I. This corresponds with the point A of 
Fig. 2 (since Ra-R/Ra-C adsorbed = M). If this point A be 
taken as time t that, is, the starting point, the remainder of the 
curve of 2 can be calculated, (i) on the assumption that 

radium-/? and radium-C are adsorbed in proportion to their 
respective concentrations; (ii) on the assumption that the radium-R 
is adsorbed in proportion to its concentration, but that the amount 
of radinm-C adsorbed proportional to its concentration is aug- 
mented by all the radium-C that has grown from the adsorbable 
portion of the radium. R since the preparation of the solution 

For example, on assumption (i) to calculate the ratio Ra-R Ra-C 
adsorbed ten minutes after time t : 

From the ordinary decay curves of these substances published 
in text-books, it is seen that in ten minutes 23 per cent, of radium-R 
decays and at the end of that time Is ,„. r cent, of it still remains 
as radium-C ; am in this interval 30 per cent. „f the radium-C 
ongmalK present lias decayed. 

'Therefore, at time / -j- Jo, Xo. 


<»f atoms f if Ha-7> 
Ka-r 


= 0 77 P 
u-7 uQ 


Heme ratio Ra-R Ra-C adsorlw,! at the end of ten 


Ills P. 


minute-; 


“ O TT.riVtO-TOyt? -j 
= O UT, since V Q 

In a similar manner, tin 
shown to lie 

- 0-5!bw7 > (0-49,^ 

— 0'4S. 


<1-1 S } fp) 
»‘M and , 


/’ ijO 


ratio adsorlied 


:• 0-2S : V jP) 


M. 
at t - 


-H minutes can 


£&**'*■ -* *- ol.-ulalnl ourv, **„, 



1324 THE ADSOBPTION OF THE -B AHD -C MEMBEKS, ETC. 


On assumption (ii), the calculated ratio Ra-5/Ra-C 1 adsorbed 
ten minutes after time t is obtained as follows : 

As before, the original xP atoms of radium -R decay to 0*77j-p 
atoms and give rise to 0*1 SrP atoms of radium-6 1 , all of whir.)! 
are adsorbed. The total radium-C remaining is 0*70$ j. 
0T8(1 — x)P i of which the fraction y is adsorbed. 

Hence the ratio Ra-R/Ra-C adsorbed at the end of ten minute 
= 0*77jfP/(0T8xi > -f- 0*70yQ + 0*18 yP ~ 0T8 xyP), 

x and y arc both experimentally found to be small fraction* 
approximately 0*05 and O' 12, respectively, so that tin; | (Ttr[ 
Q'lSxyP can be neglected. 

The ratio Ra-R/Ra-6 1 adsorbed then becomes 0 58. 

In a similar way, the ratio adsorbed at t + -0 minutes can be 
shown to be 

= 0‘595xP/(0*2S5rP + 0-49 yQ -f 0*285yP) = 0*39, 
and the ratio adsorbed at t + 30 minutes can be shown to be 
= 0*4oo-rP/(0*30C.rP + 0*35 yQ + 0*306yP) = 0*31. 

The experimental curve of Fig. 2 shows that the ratios Ra-U Ra-f 
adsorbed at i 4* 10, / -f* 20, l + 30, are 0*59, 0’39, and l)^ 
respectively, and therefore in close agreement with the above 
values obtained from the second assumption. 

Summary. 

1. Previous work on the adsorption of -Ii and -6* members of 
the radium and thorium series by ferric hydroxide lias been 
continued. 

2. Under similar conditions, the ratio of Th-RTh-O adsorbed 
by ferric hydroxide is greater than the ratio of their isotopes, 
Ra-R/Ra-C, even when the initial different relative concentrations 
of the solutions are taken into account. 

3. The interval of time between preparing the solutions and the 
carrying out of the adsorptions has Ixrn found to be an important 
factor in determining the ratio adsorbed. 

4. The influence of this time factor is in quantitative agreensra! 
with that expected from the theory put forward to explain the 
greater proportion of the -(' member adsorbed with the lapse of time 

The authors are indebted to The Glasgow and West of Scotland 
Radium Committee for supplying quantities of radium emanation 
from which the active deposits were prepared. 


Royal Tikunic.vl Com.kuk, 
Glasgow. 


Uiiccivcd, April 2(M. I'M] 
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CLIV. — y-Oxalyl Derivatives of fifi- and aft- Dimethyl- 
acrylic Acids. 

By Lucy Higginbotham and Arthur. Lav worth. 

it was observed by one of us (T., 1901, 79, 1270) that ethyl 
crotonate is converted into ethyl sodio-y-oxalvlerotonato bv the 
action of ethyl oxalate in presence of sodium ethoxide in accordance 
with the equation 

C 0 ,Kt*CO 2 Et -!- CH 3 *CH:CHd:O a Et - NaOKt - 
1 C0 2 Kt *C( 0 Na) :C H *C H 'SI I { *C0 2 Kt 2HOKt do 

n0 0 tluT condensation of precisely this type in the aliphatic series 
has been described, although Wislieenus and Sehollkbpf (J. pr. 
('Jinn. 1 017, [ii], 95, 209 *■( wj.) record the conversion of ethyl 
'i-cthoxycrotonato, by means of ethyl oxalate and potassium 
ethoxide, into ft cyclic compound which is evidently derived from 
the y-oxalyl derivative of the ethoxyerotonate by diminution, at 
the »■ position, of another molecuie of alcohol. 

In the former of the above papers, it was noted that other 
aliphatic compounds which, like* ethyl crotonate, contain the group 
•CHd'!C*CO* yield, on treatment with ethyl oxalate and sodium 
or its alkyloxides, eumpounds which nimble t he -/-derivative of 
ethyl crotonate inasmuch us they have acidic properties and give 
with ferric chloride black colorations coni rusting strongly with the 
rod to violet colorations obtained when this reagent is applied to 
x-oxalyl derivatives of carbonyl compounds. 

Numerous points of interest in connexion with condensations of 
the above type, especially in relation to the question of induced 
latent polarities of atoms in carbon chains, have recently made it 
desirable to extend the original expi riinenK and the study of ethyl 
^-dimethylaerylaie. ('{( ‘IH'Ojd. one (if the m*\t higher 
liomoiogues of ethyl crotonate. was therefore undertaken. This 
compound was one of t h< which had previously given evidence 
of yielding a y-oxalvl derivative (h*\ >U . i and it was thought likely 
to he specially interesting as. in virtue of the fact that it contains 
two methyl groups, each situated with regard to the carbonyl group 
precisely as the single methyl group in ethyl crotonate is situated, 
there was some prospect that it might he convertible into the cyclic 

y-oxalyl den vat ive. ^oll |V!K 1 ' ‘ n> - ^ 

The " dimethylaerylie ester " used in the ojh -ning series of experi- 
nif'nts was prepared from a sample of ' x-Bidmi<ovalena7isaures 

VOL. CXXUI. L Z 
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Aetliyl ?! purchased from Kahlbamn, by heating it with diethylauijj Uu 
and carefully fractionating the neutral product. As the agent for 
condensing the unsaturated ester with ethyl oxalate, potassium 
cthoxide was employed and a number of crystalline products of , hc 
reaction were ultimately isolated. Extended experiments on 
products showed that they fell into two isomeric series, and, whilst 
the individuals of either series were interconvertible, no represent, 
ative of the one series could lx-, converted into a representative 0 f 
the Other series. This appeared definitely to exclude the probability 
that the two series were related stcreochemieally and aroused tk 
suspicion that the dimethylaerv lie ester used was not a homogeneous 
product. As the original bromo-ester from which it was prepared 
had probably been made from fusel oil, through the mixture of 
valeric acids which it affords on oxidation, it seemed likely that the 
two independent series of compounds under observation were derived 
from S3.dimetl.vl- and x3-din.ethyl-ae.ylic acids respectively. 
This hypothesis was put to the test by carrying out the whole sews 
of operations, first with an ester made by estenfying pure crystalline 
SS-dimetlivlaervlio acid, when only one of the two senes »! com. 
pounds was produced. The second series was subseifuently obtamri 
alone by submitting synthetic ethyl xS-dimethylacrylatc to the 

^'rLTisTto doubt that both 33-dimethylaerylate and ^3-dimethyl, 
acrvlate condense with ethyl oxalate in the y-position. In Wb 
ca scs, the mam reaction takes place in the first instance much as 
in the ease of ethyl erotomrte (3-methylae.ylate), that ts 
one molecule of .msaluraUd ester and one molecule of ethyl ".vibe. 
There is however, one marked distinction between the y-oxuyi 
derivatives of the two isomeric esters wlueh is of consulml* 
interest and which gnatly delayed the correct niter, uvtatw d 
the f ir~t results obtained hv the authors when working with tilt 
mixed esters. The distinction is, that in the process of workwu? 
the condensation products, those from the x3-il.metl.yl ■«««* 
are secured for the most part as the y-oxalvl derivative, 

Ct ) s Et •(.’(< >H,:< TH.'II X'ff 'I l 3 ) -< - t * 2 Et t") 

but the corresponding derivative (III) of the 33-dimethyl otcrbtiot 
obtained, having been convened into the pyrone compound UH 




The true oxalyl derivative of the 33-isoiucride ,..yf 

obtained as the free acid (V), Cn,IK't<tM) : ('IL-U j,- ■ 
tiy first converting (IV) into the eor.Vsfs.ndmg acid and sul 1 • 
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-subjecting the latter to treatment with excess of alkali, when the 
uyxone ring is opened. 

^ is somewhat remarkable that the presence of a methyl group 
replacing hydrogen in the [^position in the ethyl y-oxalocrotonate 
should so greatly augment the tendency towards the formation of 
the pyrone ring. Nevertheless it is quite consistent, with the well- 
known depressant effect on the reactivity of carbonyl of substituting 
f , ro ups in the a-position that the a- methyl derivative (V) does not 
so readily yield a pyrene derivative as the methyl derivative 
does. 

Apart from this feature, there is little distinction in chemical 
character to be observed between the y-oxalyl corn pounds of crotonic 
ester and its *- and fi-methyl derivatives. The y-oxalyl derivative 
(II) yields the corresponding acid on hydrolysis with alkalis, and 
both* this and the ester itse lf, when heated with concentrated 
hydrochloric acid, are converted into the hydroxypvronecarboxylic 

add (VI), the ester of which is isomeric 

with (IV). This acid and ils ester are reconverted by alkalis into 
the free dicarboxylie acid corresponding with (II). 

E X r K R I M E N T A L. 

Nceffon /. Prtjxuation and Ptn^difs of Uf.ricatkw of yOralyl- 
s f ydi m*. thylarryl ir. Add, 

A description of the earlier experiments on the action of ethvl 
oxalate on die mixed dimethylarrylii ester- made from KahlbaunVs 
'■ a- Jlromiso Valeria nsauivs Aetliyl ’ nee<l nut he given and is dealt 
with at sufficient length in the introductory xrtion. 

(a) Pn ya ration of th< Pun Ethyl Yy / h no thylacryhtf uvd.— 
A lengthy series of experiments wa* made with the object (if testing 
the numerous alternative methods which arc to be found in the 
literature for the preparation of this e-ter or the corresponding 
acid. The inquiry left little doubt that by far the most convenient 
ami economical method is to prepare mesityl oxide from acetone by 
■(lie process worked out by ( \*nant and Tuttle \ " Organic Syntheses/’ 
-Foltn Wiley and Sons. 11)21. p. .VI). to oxidise the mesityl oxide by 
mans of sodium or potasMitm hypnehloritc (Harhier and Loser. 
B»/l. Sac. chi m lDO.V jiii]. 33. *1‘>) to dimethylaervlie acid, and 
subsequent ly to esterify the pure erystaliine acid (Perkin. T.. 

B9, 1471). The yields are eXerllmt throughout. 

(h) Action of PutassiiiiH Ethos oh mi a Muhin' of Ethyl Yy 
buiuikyJacnjIatc and Ethyl (baht*. Formation of Ethyl i- Methyl - 
pyrone ■\S-carboxylati‘ (Formula I V) and 4-MtthyPx-pyfanr- 6* 
turbos i/lic Jen/.— rowdeivd metaliie |n»taN>iuiu (4 grains) was 

z z 2 
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suspended in cold ether (40 — 100 c.c.) in a flask immersed in a hxw 
ing mixture. Anhydrous alcohol (4*7 grams) was added drop by 
drop over a period of several hours, the whole being allowed to 
remain over-night, when the conversion of the metal into finely 
divided ethoxide was complete. After the contents of the flask h a( { 
again been cooled below 0°, a mixture of ethyl oxalate (7*5 grams) and 
pure ethyl (3 jU-dimcthy lorry late was very slowly added. The nearly 
colourless ethoxide dissolved wholly or partly and was finally 
replaced by a yellow solid, which, after three hours, was separated 
by filtration and washed with dry ether. The solid was dissolved 
in cold water and the solution extracted several times with ether to 
remove neutral impurities. On addition of acetic acid there was 
no precipitate, the absence of any appreciable quantity of ethyl 
y-oxalyldinn-thylaervlates thus being demonstrated. On addition 
of sulphuric acid, however, a solid was deposited in silvery crystals 
and on extracting the mother-liquor from these with ether a total 
of d grams of the substance was secured. (Such a precipitate 
is not produced when ethyl a-mcthylemtonate is used in place of 
t he [5 - met h vie rot o nu t e . ) 

This compound, 4-metliyl-x-py Tone-d-carboxylic acid, is soluble 
in hot water, sparingly soluble in cold, and dissolves freely in }mt 
alcohol, but is nearly insoluble lit chloroform or benzene, it 
dissolves in aqueous sodium carbonate, forming a colourless solution 
from which it is precipitated in hydrated form on addition of mineral 
acids. It gives no coloration with ferric chloride. 

The aeid crystallises from water in long, colourless needles which 
have an indefinite melting point. Heated in a narrow tube, these 
partly fuse at P7 -1<KI , hut do not liquefy completely until I89 : ; 
when allowed to solidify, the mass subsequently melts mu-e more 
at 1114 (Found: C 4S*7 ; H 4*7: 11,0, lost at I2<» . *10*3. 
t.’ 7 H 6 0 4 ,H,0 requires (* 4S*S ; II 4 *7 : 11,0 l<i\i pi r cent.). 

The equivalent, iletermined by titration against A llt-sodium 
hydroxide in the cold, was 173: a monobasic aeid. ( * 7 1 1 4? ( ) 4 .U 2 U, 
requires 172. After boiling the arid for a minute with excess of 
the standard alkali, the solution w;n bright yellow and, on titrating 
the permanent excess of alkali, the equivalent had apparently Mink 
to So ‘7 (calc. Sli). corresponding with the eoiiWTMoii of the acid into 
the open-chain dicarboxvlie aeid. y-oxalyl-Vo-dimetiiylaerylic acid. 

If the above methylpyroneearboxylie aeid is wanned on the water- 
bath for two lumrs with excess of It) per cent, sodium hydroxide. it 
is converted into a crystalline aeid which is readily soluble in water, 
extracted with dillieuliy by ether, and melts and decompose* 
at 22l) . The new aeid gives no coloration with ferric chloride, 
dissolve* sparingly in chloroform, Ikuizcih*, or cold wafer, but 
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readily in ethyl acetate or alcohol ; its equivalent is approximately 
77 Possibly this acid corresponds with that obtained by Simon sen 
from 6-methyl-2 -pyronc-3 : o-di carboxylic acid by a similar process 
(T , 1H08, 93, 1022 ; 1910, 97, 1910), in which case it would no doubt 
jj C 3 : 5 -dimethyl benzene- 1 : 2 : 4-tri carboxylic acid (equivalent = 79‘3). 

The ethyl ester, O c HdVCt^Kt, of l-methyI-a-pyrone- 6 -carb- 
oxylie acid is readily made by esterification of the acid with alcoholic 
sulphuric acid. It is also formed in small quantity when ethyl 
SS-diincthy I acrylate is condensed with ethyl oxalate as above 
described. It is soluble in all the usual organic media with the 
exception of petroleum and crystallises in long needles melting at 
G 8 5 (Found: C - o9'l : H - ~>fi. fjll w (>, requires C = 59*3; 
H -- 5*5 per cent.). 

The compound gave no coloration with ferric chloride and also 
gave negative results when attempts were .made to convert it into an 
oxime, seniicarbazone, or nitrophenvlhydrazone. It was reconverted 
into the corresponding acid when heated with hydrochloric acid. 

y .Qxnbfl - pp ’ (liwthyhrr)jlir . \citi [h-H ndvifij.'y tn< fhyhttuconir 
Acid. Formula V). 'Phis compound may he made by dissolving 
the preceding iiRdhylpyronecarboxylie acid or its ester in excess of 
cold 30 per cent, sodium hydroxide solution and. after one and a 
half hours, adding excess of cold hydrochloric acid and extracting 
with ether. It resembles y-oxalvlcrotonie acid in general properties, 
dissolves sparingly in cold ether and -till more .-panmdv in benzene 
or chloroform, but is fairly freely soluble in alcohol and in hot 
rater, it forms small, yellow crystals which ’licit and decompose 
it 102 - 103 \ Its solutions give intense <_'ivonis}i-hlaek colorations 
vith ferric chloride. The equivalent. d'*t*nnined by titration 
igainst sodium hydroxide, was S.V9. whiNt a dibasic acid. (’ 7 H g O-, 
‘eijuires SO. 

Heating with hydrochloric aeid or acetic anhydride reconverts this 
’(impound into 4onetlivbx-pyn»nc-ti-earbo\y!ic acid. It gives no 
wlium oxalate when boiled with exc-^ of alkali, but is quickly 
'■on verted into the free aeid. 

II. Prt ftoruhoji anil I’ntjif rir ■< of ]U r,i-a!c>x t.f yOnthtf- 
x‘>({ it/it thyhierifl o* A •'Id. 

After a lengthy examination of methods available for the prepar- 
ation of pure ajMliniethylacrylie ester, the following series of oper- 
fitions was found to yield verv satisfactory rc-u!t>. 

(a) Pn pn radon of flu ( 't/anohptrin of )I> th</l Pth-/! Kdoto . — 
Alctliy] ethyl ketone (72 grams), made by careful fractional distillation 
(, f the eoimueiX'ial mixture passim* under tbi< name, was added to a 
solution of sodium cyanide (JIN grains 2 iimls. ) in 2nn e.c. of water, 



1330 HIGGINBOTHAM AND LAPWORTH : y- OX ALYL DERIVATIVES 

contained in a stoppered bottle. Solid sodium hydrogen carbonate 
(1G8 grams) was then added gradually, the stopper being replay 
after each addition and the whole shaken. The temperature rose 
gradually, usually about 13°, and as crystals, presumably of hydrated 
sodium carbonate, separated at one stage, water Mas added in 
quantity sufficient to dissolve them. The total time required f or 
the addition was about one and a half hours, and the cyanohydrin 
then floated as a brown oil. In order to stabilise the product the 
whole Mas rendered acid to methyl-orange by addition of hydro, 
chloric acid diluted uith water, and the cyanohydrin extracted with 
ether, the latter then being dried over anhydrous sodium sulphate 
and evaporated. The residue, after exposure to the temperature 
of the steam-bath for forty-five minutes, weighed 100 grams, and 
by estimation of the amount of cyanide formed by treating a M’eiglu*d 
quantity of it with alkali. Mas found to contain SO grains of 
cyanohydrin * 

(b) Pnparation of Ethyl n - //yd roxy- a- tut. th tjlh uUjraU '. — The nmst 
effective process of hydrolysis of the cyanohydrin was found to lie 
that based on the equation 

K-CX -r EtOH - r H.O '■ HC1 IHUKt NH/’l. 

The crude cyanohydrin (81 grams) was dissolved in a mixture of 
alcohol (UK) e.c.) and Mater (15 e.e. 1 mol.), and dry hydrogen 
chloride Mas passed in. The whole increased in weight by 57 grams 
and after remaining over-night Mas heated on the steam-bath for three 
hours. A stream of dry hydrogen chloride M as then passed into the 
boiling solution for another fifteen hours, bv which time the hydrolysis 
was practically complete. (It may prove necessary to remove solid 
ammonium chloride by filtration at an intermediate stage.) On 
cooling, pouring into water, and extracting with ether, preferably 
in a continuous extraction apparatus, a mixture of a.hvdruxvo- 
methylbutyrie acid and its ester Mas obtained. From this mixioiv. 
lor example by neutralisation with sodium carbonate, t UnutMi 
■with ether, and fractionation of the extract in a vacuum, at lea- 
58 grams of the crier (b. p. fS 5u 0 5 mm,} can If uhtaintf 
(The free acid which is fume d in considerable quant it i*-s a> nidai' 
product is difficult to extract from its aqueous solutions except b 
using a continuous extraction apparatus, lmt may s<> he isolate 
and subsequently esterilied.) 

(c) Pnparation of Ethyl * V l)i no thyhu'rifhiU . The precedi]]! 
hydroxy-ester was converted into the corresponding un>aturate< 

* As cyanohydrins of h*-ton<-s uiid- r the conditions in whi<h lin-y ap 
formed are largely dissociated into their cnnsiituents, a th* nidi* oily jvrtn 
eon version is not to 1 m* anticij>aU-d. The nhov.' yn-ld, whi< h \< Mi jm-v it-af- 
of that theoretically possihV, may h»- considered Very satisfactory. 
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ester by a modification of the method of dehydration first used by 
Frankland and Puppa (Annakn, 1865, 136, 9). * 

Phosphorus trichloride (18 grams) was added gradually to cold 
ethyl a-methyl -«-hyd roxyl mty rate {30 grams). After about five 
minutes there was a rise in temperature and hydrogen chloride was 
evolved. The whole, having subsequently been heated for one and 
a half hours on the steam-bath, was distilled under atmospheric 
pressure, and the portion passing over below 154'' was washed with 
water until free from mineral aeid, dissolved in ether, dried, and 
refractionated at 20 mm. pressure. A mixture of unsaturated 
esters boiling at 54—00' was obtained, the yield amounting in all 
to 80 per cent, of that theoretically possible. The mixture no doubt 
contained the two stcreoixomcridcs, but, as was expected, it gave 
only one * oxalyl derivative. 

(cl) CoMbmdiion of Ethyl rt-lJimAhyhcrybtU-. with Ethyl Oxalate 
in presence of Potassium ElhoxUU if the condensation of ethyl 
oxalate with either the ot.j-dimothylacrylic ester prepared as above 
or with that made by removing the elements of hydrogen bromide 
from Kali 1 bail nr s “ oc-Bromisovaleriansaures Aethyl " is carried out 
in the manner described at the beginning of Section (lb) and the 
yellow deposit is treated as there described, it is found that addition 
of acetic acid at tlie point indicated leads to the formation of a 
precipitate where none is produced when the starting material is 
pure ^-dimethylacrylic ester. This precipitate consists of the 
following compound in a nearly pure Mao*. 

Ethyl y-Oxalyl*' ? -(Utn<thyfoa‘yhit' (Formula II).— This ester is 
readily soluble in the usual organic media, but b- nearly insoluble in 
water and in light petroleum. It separates from most solvents in 
colourless prisms whieh melt at !♦! P2 (Found : (‘ 57-7 : II - 70 

requires V 57dl : II 7n p -r e.-nt.i. 

In chemical diameter it closely res, -mb!,. <.,] 1V | ^-oxalyh-nitonate 
and in aleoholic solution it gives a deep I, lad; col/ration with ferric 
Chlundl-. It dissolves in exeess of dilute. eo|(l alkali Uhd Well in hot 
.! um < ' aHjona,r St, hitio!iv. forming \dio\v solutions from which 
acids precipitate it unchanged. Pota-sinm hydroxide solution, if sufib 
ciently strong, converts it into a potato-derivative. xs hieh can be 
crystallised with sonic difficulty fmm alcohol ami thui appears in 
hnght yellow needles. 

y-OxulyWyiii"', IhyhrryUr Jr/d , -wtfoihimWu' 

•M, ('Oj I .(' ( ,»n,;ni-rii:c 1 cn :|1 -oui. T!,,: a.-i.i 

sl ' n„t .lirictlv from tin- Uirtlivl ( -stir, hut from 


* Compare T., UmjI, 79, 

tlmf ,fl " -'HKiiuni d.-nvaliv. 

,ilf ' ^diyljixalai,.. 


ft f!:. 
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pc-stuiaitd rvipures 
i' w fiat r< a. ts wiili 
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3-methyl- a-pyronc-6-carboxylie acid (formula VI), by heat-in » it 
on the water-bath with excess of 5 per cent, aqueous sodium hvdr- 
oxide for half an hour, then cooling, and acidifying with hydro- 
chloric acid. Its properties resemble those of the isomeric acid 
but it melts and decomposes at 22(>°. Like other y-oxalylaerylir* 
derivatives, it gives in solution deep black colorations with ferric 
chloride. It was not found easy to prepare quite pure specimens of 
this acid for analysis ; the best- sample, when titrated against cold 
A' 10-sodium hydroxide, had the equivalent 87*0, and, after hnilimr 
with excess of the alkali ami titrating back, had the equivalent 
84*4. A monobasic acid, C 7 H g 0 5 , requires 8b. 

The yellow sodium salt is obtained in crystals by dissolving the 
corresponding methylpvronecarboxylic acid in hot 30 per cent, 
sodium hydroxide and allowing to cool. 

3 -Mcihyl’X-pifront'^-curboxyUc Acid (Formula VI). -This sul>. 
stance is obtained in a nearly pure form by boiling diethyl y-nxalvl- 
afJ-dimethylacrylate with excess of hydrochloric acid until it i.s 
dissolved, and then evaporating to dryness on the water-bath. 
It is soluble in alcohol, sparingly soluble in ether and in cold water 
and separates from hot water, or better from hydrochloric acid, in 
small needles melting at 24b 247 . The equivalent, determined 
by titration of two samples of the acid against X 10-sodium 
hydroxide, was (<r) l.VP:> and (M 1'>H>. When it was boiled with 
excess of alkali and the permanent excess of the latter determined 
by standard acid, the apparent equivalents were pt) 7tW> and [/,) 
77 1. A monobasic acid. C S 1I S 0 4 . requires l.”>4 and a dibasic acid 
77. The c rystals of this acid, unlike those of the isomeride. arc 
therefore anhydrous. 

The a£id gives no coloration with ferric chloride and in other 
chemical rcsjK-ets closely resembles the isomeric l-niethylpvruno 
carboxylic acid (]>. 132S). 

On esterifying the acid with absolute alcohol containing ernicon- 
t rated sulphuric acid, the * thj/l ester is obtained. This is insoluble 
in aqueous sodium carbonate, sparingly soluble in light petroleum, 
but readily soluble in most of the other common organic media. It 
crystallises from benzene in diamond-sha|>ed plates melting at 
108 -111. After distillation in a vacuum, however, the compound 
melted at lib. 

Tlu* authors' thank.-- arc due to the Advisory Council of the 
Department of Scientilie and Industiiul lb-search for a grant leone 
of ns (L. H.) which enabled the work to be done. 
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('IM.—The Influence of Temperature on Two Alternative 
Modes of Decomposition of Formic Acid. 

By Cyril Norman Hinshelwood and Harold Hartley. 

j n ;l previous investigation (Hinshelwood, Hartley, and To j )ley, 
} } mc. /%• A’oc., 1^22, M]> 100, 575) of the alternative reactions 
l, v which the thermal decomposition of Wink: acid vapour may 
take place in contact with a glass surface, one of the principal 
experimental results was that the velocity of the reaction yielding 
airhon dioxide and hydrogen increases with temperature much 
more rapidly than the alternative reaction in which carbon monoxide 
and water are produced. A possible interpretation of this result 
was suggested, and it was shown that the apparent heat of activ- 
ation of the iirst reaction is approximately 2S.0W calories, and of 
the second 16,000 calories.* 

We have thought it desirable to extend the former observations 
in certain respects in order to investigate further ; 

1 r ['he influence of the nature of the glass surface. 

2. The effect of increasing the temperature range of the experi- 
ments. 

3. The proportion of the different products formed at different 
stages of the decomposition, and their influence on the reaction. 

1. lujluiiicf' of \h * Xnho‘< of Dr Surface.. 

The velocity of the decomposition and th<* relative ease with 
which it follows the two alternative patio, are very sensitive to the 
nature of the glass surface. Tingt-y and H in. -lie] wood found that 
on platinum surfaces the relationships were very different frdm those 
observed on glass. Hence a new scries of ex|K*riments on glass 
surfaces of a different type was made f«>r the sake of comparison 
with the original series. The experiments were made in bulbs of 
l)nro glass of the same shaj«* and size. and from the same supply 
of tubing. The experimental details are described in Tom ■<.. 1P22, 
121, KitiK. Formic acid of IN i per cent, strength was employed. 
The results are given in Tabic l. and Fig. 1. 

Individual experiments exhibit the large v.iriaf i* *ii> wlth-h are 
itu-vitiihie in (hailing with this subjt,-:. but the i!v« -rages Amu the 

* Adkins ami Xisscn (./. .1 an lei’:?. 45 . sou hav< r-atinii- '1 

tin- higher 1 fin pent lure ro- Jlicienl on _sja-- > t tin’ rcs-iimi yi« idin„ rarhon 
di"xide, ami stats- that with alumina :!]>- r> l;*sv.- . f tie- tempera I mv 

wll'icit-uts varies with the method <>f pri-parai nai of the alumina, 
hi k criticism <>f ciiir interpretation t i si v are rni-M.-ikc n in assuming that the 
enl; was in any way mnn.-rterl with O stiie- (h-- radiation hypothecs as to 
htomsatimi ut ivnefi »n>.’ 
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Tajjlis I. 

Average value of 


Temperature. 

Average 

value 

Of l\Xi. 

Percentage 
of (CO * H a ) 
in produel. 

llie fraction of 
formie acid de- 
composed in the 
experiments. 

Nuti dtrtr 
uf exj»i>j.j. 
i non I s. 

137-5® 

O-flOOO-lU 

1-5 

0-24 

4 

18 5 

0-00036 

1-6 

0-42 

4 

220 

000121 

2-5 

0-311 

:* 

230 

0*001 14 

0-0 

0-28 

:> 

230 

000144 

3-4 

0-41 

4- 

:u»2 

0-00465 

10-S 

0-10 


302 

0-005$ 

14-4 

0-30 


300 

0-0150 

20* 1 

0-34 

5 


Approximate values of k\v t : at 350~, 0-0065: at. 302", 0-000% uml tl-O0U5U • 
at. 227°, 0-000000. 


Fig. 1. 

4-0 1” - t 

... 3-0 J \' X , - ~ 

° \ 



1 - 0 ; ' \ : 

1-5 1-75 2-0 2-23 2D 

10 s / T. 

main regularities surprisingly well. Tim catalytic activity of ttu 
new glass differed rather markedly from that of the glass originally 
used. This may he seen from a comparison of the ]>erc**ntAp<' of 
carbon dioxide and hydrogen in the products of complete dtruifi* 
position at 300 J : 

Original glass 74"’ 73" u , fi3"„. 

New glass hi r ,, is :r lt , i<wv\ t . 

These differenees are somewhat aeeeiitualed l»y the fact that ill 
the present experiment bn per cent, formie acid was u.-ed wink 
in the earlier ones rather weaker acid was used (the elTeet cf this 
will be explained in a later paragraph). l»ut in spite of the altered 
conditions, the same influence of temperature on the relative rates 
of the two reactions is found. '1'his is seen in the figure. In the 
original experiments the two curves cut at about 2 St I , while these 
cut at about 400 . Nevertheless, the regularity on which wc have 
laid most stress— the relative positions of the twit curve;-* 
reproduced. 
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2 . The Effect of Increasing the Temperature Range. 

[t was sought if possible to extend the measurements fiver a 
vidf'f ni nge of temperature, in order to ascertain whether the 
^ ,jjj UV ut heat of activation could be regarded as a constant rjuaulity, 

* ( j j f] particular whether its value for the reaction yielding carbon 
jiionoxiclc would retain the same low value at tein ]>e rat u res where 
this reaction is the only one occurring to an appreciable extent. 

Considering the experimental difficulties, it will be seen that 
when the values of /\ <> are plotted against J T there are no deviations 
from the linear relation of much significance. The range? of tem- 
perature is from 138° to 350", that is, more* than 200", compared 
with the previous range of from 240 to 300 . At the lower tem- 
peratures, the proportions of carbon dioxide and hydrogen produced 
are too small to allow the accurate determination of the temperature 
coefficient of k COs . The values of L\< J{ art* also inaccurate for another 
reason, which will be explained shortly. 

Xhe values of the heat of activation calculated from the curves 
in the figure are 

A’co — 12,000 calories approximately. 

R COi 24,500 calories approximately. 

In the original series, these values were about lO.iMK) and 28,000 
calories, respectively, so that the same relation between the two 
is preserved. 

J. The Proportion of l)iff<r<nt Product* For no <i at Dlffrnd Stage* 
of (!o i)< eoinjrj<ilioii . 

Our attention was directed to a discussion of heterogeneous 
catalysis by Bancroft (./. Ph>j*lra\ (’htm.. 1017. 21. 573). in which 
ho (piotes an observation of Berthelot on tin* products of decom- 
position of formic acid, who found in two isolated exjKTimeiits 
that when a third of the formic acid was decomposed the reaction 
appeared to be HCO'OH Ctt ■ HAh whilst complete deeoin- 
])ddtion appeared to correspond to 2HU)*UH - HA) - t 0 — 
m - H., 

Bancroft takes tin* observations to mean that the initial pro- 
duction (4 carbon monoxide and water hinders the further progress 
of the reaction along this path. I he matter required further 
investigation, heeause if the proportions of the products of the 
Met it a l change great I v during its course the tjuautitative values 
>ht ill tied for the temperature coefficients would he alteetcd. t hough 
ihc fact that l\ Vt is much more influenced by temperature than l\ 0 
foil id remain, since it was based upon analysis of the products of 
Knnpletc deeomposit km. 



1330 lUNSHELWOOD AND 11AUTLKV : THE INFLUENCE OF 


Table II shews the results of a number of experiments unvdo to 
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0-213 

1 0-4 

1 

30o 

no 

0-352 

I'.i-n 



nr. 

0-42 

IS4 



1 2tK> 

0-033 

lor, 

2 

:um 

240 


l(i-5 


:;n-t 

250 


tS-3 


301 

:uir» 


111-1 


:;ut 

:i(*r* 


1«- 3 



1 4 A 

o :ioo 

(111 



4 A 

o-27o 

It) -A 

3 

:;oo 

1 ‘HI 

o-5o:t 

Jli-il 



1 1 2U 

0-725 

it lli 



1 IAU 

(Hi4S 

1 7-5 

4 

23o 

420 


5-0 


230 

1440 


o-s 


2<*7 

10 

0 050 

1 0-2 


200 

lo 

0-040 

20' 1 


2ti ; 

40 

0-100 

It Mi 


0< t - 

Ml 

0-370 

I.Vll 

(i 

;;n 

5 

HOUR 

4 St i 


342 

in 

0144 

27-S 


:u2 

lo 


ltl-0 


:u2 

1A 


i’.llli 


at 2 

AO 


.53-,', 


312 

To 


<13-1.1 

7 


lo 

0 214 

5*1-4 


;54.X 

40 

os 5 

Till 


3 45 

pa 


74- 1 

s 

2 so 

2o 
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are tin 

e most it pillar, the 

iv is siii nr nV 


in tlie proportion of i 
which would modify 
coefficients. Wo may 
original results, when 
d ecu m posed p rod u e t > , 
analyses were made 


ai'bon dioxide at tir**t. hut mil to an extent 
appreciably the values of tile temp .Tallin? 
a bo vile the eoillplete analogy between file 
the analyses wore made on tin* eeiiipktdy 
and the new results in Table I, uiuir the 
after the demmjmsiuim had proceeded W : 


about*- one-third of the whole way. to show that the former ex- 
clusions about the intlueiiee of temperature need no meclilioilwfl- 
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If the reaction yielding carbon monoxide is hindered by the 
accumulation of its products to such an extent that the rival reaction 
after a time overtakes it and predominates, as Bancroft suggests, 
then, either the products of the reaction must poison the catalyst 
by occupying a large proportion of its surface, or the reverse re- 
action H 2 0 -}- CO - HCO'OH must attain on the catalyst a speed 
of the same order as that of tin* direct reaction. This second 
possibility cannot be entertained, because the alternative path of 
decomposition is open all the time to tin 1 ferine acid so produced, 
with the result that a continuous transformat ion of carbon monoxide 
ami water into carbon dioxide and hydrogen should take place. 
In other words, the catalyst should be capable of bringing about 
the water-gas reaction at a sjieed commensurate with that of the 
foviuic acid decomposition, which certainly doe- not occur. Tt 
seems, then, that the mode of decomposition of the adsorbed 
formic acid is conditioned by independent probabilities and not 
determined to any appreciable extern by the cipiilihria H,0 --- 
CO ^ HCOOH and H, - CO, ^ - HCU-OH. 

A further ground for belief in the complete independence of the 
two reactions is the fact that the carbon monoxide reaction has 
the same low temperature coefficient when it is (he only reaction, 
proceeding with appreciable velocity. a> it lias when the alternative 
reaction accounts for a large proportion of the products, that is to 
say, where its low temperature coefficient might have been explained 
bv the assumption that the rate of production of carbon dioxide 
was increasing at the expense of the monoxide. 

With regard to a poisoning action of carbon monoxide, it would 
seem that if it reduces tin* velocity of one reaction by covering 
the surface of the catalyst, it should also reduce that of the other 
reaction to the same extent. But tlarc is no indication from 
velocity measurements that the products of the reaction yielding 
whim monoxide exert any retarding imlumiee. The following 
figures, obtained at 210 , where the products wviv almost exclusively 
carbon monoxide and water, show the aiwiio- nf -u<-h retardation. 
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On the other hand, some accelerating influence of excess of water 
on the velocity of the carbon dioxide reaction has been observed. 
Possibly the adsorbed water has a sort of secondary catalytic, 
influence on the neighbouring adsorbed molecules of formic acid, 
and any drift in the proportions of carbon dioxide in Table It might 
be attributable to this. The following results illustrate the influence 
of considerable excesses of water. .Formic acid (90 per cent.) was 
heated in similar bulbs at 209°, in some cases alone and in some 
cases with about five times its weight of water. Typical analysis 
of the products were : 


Without excess water 


With excess water 


CO. 

1-24 e.e. 
1-28 e.e. 

1 044 e.e, 
1-345 e.e. 


CO,. 

(I U2 e.e. 
0 023 e.e. 
005 7 e.e, 
0-053 e.e. 


Again, at 300\ in bulbs made from the same length of glass tiil>ing, 
90 per cent, formic acid, heated to nearly complete decomposition 
gave 24*5 per cent, and 29 "2 per cent, of the carbon dioxide hydrogen 
products, whilst when 100 per cent, excess of water was added 
initially these rose to 50 '9 and 4fi 0 per cent. 

The effect of this accelerating influence of water on the values 
of itcoi when there is no excess of water added initially appears to 
be not very pronounced and is difficult to disentangle from the 
inevitable variations in the nature of the surface, but attention 
has already been directed to a possible similar effect in the ease of 
the catalytic decomposition on silver. 

Physical Chemistry Laboratory, 

li a i.liol Coi.i.kok and Trinity Cnu.r.oi:, 

Ox FORI). Jtecr irffj, . I pnl «’»//<, 1U23.J 


OLYL- — The Ttnuuif System Ammonium ( hloruh- 
Fcnic ( 'hlovide- 11 <itei\ 

Bv Frederick William Jeffrey Clknwnnen. 

A roNsi iiera ri.e amount of work lm> been carried out on llik 
system by previous workers. Hetgers (Z. physikat. ( htw., 1^*-. 
9, 314, 38 5: 1892, 10. 55 O: 1 St )3, 12. 583) repeated some experi- 
ments of Lehmann (Mob kufarjihtfxik, I8S3, 1, 42) ). and found 
that ammonium chloride and ferric chloride would mix in the 
solid state. He also remarked on the form of the crystals obtains . 
A fuller discussion of the system Ml/’l l'e( l-j-HJ) at l-> 
given by Roozeboom (Z. jthtjsiktil. ( h*tn. y 1892. 10> lb>). ^ 
stated *that the following solid phases could exist in t*<|uilibiiiua 
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with various solutions at this temperature : ferric chloride hydrate 
(2FeCl„12H 2 0); tho double salt 2NH 4 CI,FeCl s ,H 2 0 (2 1 1) and 
mixed crystals of ammonium chloride with a ferric chloride content 
rising to 7 per cent. These mixed crystals showed, however 
peculiar irregularities. The ferric chloride content in the crystal 
showed a considerable increase in general with that of the solution 
yet a decrease was shown with some crystals. 

The best work recorded is that of Mohr (X. physiM. Chnn 
1898, 27, 193), who examined the system at 25", 35" and 45"’ 
At the lower temperatures, he obtained results similar to those 
of Roozeboom at 15", and he also observed the same peculiar 
irregularities in the compositions of the mixed crystals At the 
higher temperatures, lie claims to have found two new compounds • 
XH 4 C1,Fc01 3 (1.1.0) and \H ) (:l,2i'cCI 3 ,4H.,0 (I .2.4) hut his 
method of working was not entirely satisfactory, and it has 
seemed advisable to study the system more fully.’ Observations 
have therefore been carried out which define the equilibria obtaining 
at 25° and G0°. ° 

The ex|ierimental procedure at the lower temperature was 
similar to that described in a previous paper (Clendinnon and 
Rivet., T„ 1921, 119, 1329). A, the higher temperature, it was 
found that solutions containing much feme chloride destroyed 
the filter-paper used to retain tile wet solid, which was therefore 
caught in a Ooooli crucible containing a line silver gauze plate 
The solutions and residues were analysed hv standard methods' 
ammonium by distillation, chloride and iron (when necessary) 
gravi metrically. “ y 

The results obtained at 25 I) are shown, plotted in the 

usual triangular tliaL'ram. in Ki<r. |. 


Tabu: r. 
System at . 
IVnviilairo i tiinposit 


iVnsity, 
1-1:12 ‘ 

XH, Cl. 

24 14 

13 

ri.. 

♦it 

X H,(l. 

K,-rl.. 

Sol it 1 | iliiist 
I'T-viu. 

1- J 77 

211!) 

la 


,s7-5s 

37; i 

MiXO'J iTVStul 

1-327 

Din;, 

1 !l 


>171 

M-a«; 

■t i 

s«-i-it-s AH. 

l.i.jS 

l-H.'tti 

1-3UH 

1412 

1-437) 

him;; 

J 3.71* 

la-4 1 

S- 711 
.3 l ;j 

an 

:;i 

aa 

as 

42 

45 

«>l 

in 

In 

S2 

ai-ai 

a t oo 

40 27 

52-US j 
51-41 

H anti (\ 

Mi\i-tl crystal 
M-rios Cl). 

J ■ 3 1 :> 

2-M 

47 

na 

a.’ii 

57 •>’, 1 


1- 53(> 
1-325 

2 2U 

I-3U 

4!» 

4S 

5U 

So 

a 27 

o-7a 

*>. v* s 7 

1 > am! o , 1 . 

0. 1 . i’i. 



1340 


CLENDINNEN : THE TERNARY SYSTEM 


Table II. 


System at 60°. 



V 

wee nt age 

coni posit ion. 



Density. 

Solution. 

N IljCl. EoClj. 

Residue. 

N1! 4 U1. Fed,. 

Solid phtisc-s 
present. 
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ml shown hen*. To ascertain the cause of these irregularities, 
experiments were curried out in order to observe the riled nf time 
of shaking on the composition of the crystals, 'three mixtures nf 
similar composition were made up; our was rotated in a sealed 
tube in a thermostat for one hour, another for one day. and the 
third for four day.-, h was found that the ferric chloride content 
of the first cry.-taU to s«-pnrat'- was relatively high, whereas after 
one days shaking tin- feme eid-nide content had fallen tn a 
small value, which remained practically unchanged after four 
(lavs’ shaking. Inlen>ling change.- lake place in the cn>f;tfe 
during this time (coin pare Ketgers, lm\ nt.: Mohr, toe. n7. : van 
der KoUi, Z. phytihil. Chnn. t IX'JU. 11, l(>7) } hut further investi- 
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gation by a crystaliographer is necessary The , 
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Several attempts were made to dry these crystals on porous 
tiles placed in a desiccator over some of the mother-liquor. It 
was found on analysis that the mols. H.,0 per mol. FuC 1 3 varied 
from 3*0 to f>‘<» in different samples. The view is taken that these 
crystals were not quite dry. The quantity of mother-liquor adhering 
to them need not exceed 1 per cent, in order to reduce the ratio 
to 1. When crystals belonging to the series CD (Fig. 1), in which 
there is little doubt that the ratio of mols. H 2 0 to mols. FeCL s fc, 
very near unitv, were dried in a similar manner, they were found 
to be still slightly wet. J f one assumes that the amount of adhering 
liquor is the* same in each ease, then after making allowances for 
this in the ammonium chloride series, one obtains results which 
may be represented by points on t he line A />. This is in agreement 
with the view of Retgers. 

Consider now the solids in equilibrium with solutions on the 
second curve (FC). Both Koo/.ehooui and Mohr state that a 
single solid is in equilibrium with all solutions on this curve, namely, 
the” double salt 2.1.1. It will be seen from Fig. 1 that the results 
at 2“)° do not support this view. The tie-lines converge only 
approximately to 2.1.1. On close examination it will be stm 
that actually a mixed-crystal series exists, although with narrow 
limits. The results at t'7>. Fig. 2) show that a similar series 
exists at that temperature. Kerry solution represented by a point 
on the solubility curve, then, is in equilibrium with a ditkn-iit 
solid (compare Rivett, ( linn. 11*21, 123, — >1). 

When the amount of ammonium ehloiide in the saturated solmii.it 
falls below 2‘2H per cent., ferric chloride hexahydrute is the solid 
in equilibrium. Xu doubt there is a mixed -crystal series here ak 
but it is quite beyond our power to detect it. 

In Fig. 2 the results obtained at Ur are represented. In addition 
to the two mixed -crystal serio mentioned above, three other sdid 
series appear which can be I'prescntcd by 1 - 1 . 0, K 4 . I>. and 
0.1.2, within the limits of experimental error. r lhe cnui if 
treater in those systems containing a large amount of feme chloride, 
owine to the deiisit ics of the solutions and the tine state of <h™an 
of some of the crystals making satisfactory separations difliciilt 

Mohr {he. cit.) mentions the compound 1 - 1 M the existence n 
which is continued by this work. Rut. taking las figures at 4). 
the point corresponding with the second new compound he mentium 
(1 .2.4) lies within his heterogeneous region 1 . 1 ■ <> slUlI<Jte 
solution. It cannot therefore be in stable equilibrium with am 


solution at this temperature. 

With regard to the solids in equilibrium with the next 
(HJ),~ if one looks for simiile proportions of the components 



.AMMONIUM CHLORIDE-FERRIC! CHLORIDE-WATER. 1343 


residue method gives a choice of at least two, 1.3.3 and 1,4.0, 
for it will be observed that the tie-lines pass through both these 
points within experimental error. Analysis of crystals dried on 
porous tiles decides in favour of the latter, the ratio of mob*. 
: mols. Fed 3 : jnols. J1 2 0 being 1 : 4 00 : 

It is taken as proved, from the work of Ruozeboom, that the 
solid in equilibrium with the solutions along the curve JK is 
Presumably both here and in l lie 1.1.0 and 1.4.6 


Fie. 2. 

^4b 



cases there exist mixed crystals with diil'i i\ mv. in o inquisition less 
than the errors of measurement. 

Snittni'ti'if. 

1. The work of Roozeboum and Mohr on the compositions of 
ferric and ammonium chloride mixed crystals has been extended 
at 25 and (Mr. 

2. Tlie existence of the alleged compound. «NH ,d.VV('l 3 .H ;J 0. 
has not been confirmed. A mixed-crystal series with narrow limits, 
the members of which approximate to tbi- composition, 1ms been 
found. 

3. The existence of the compound XH 4 C!.Fot’l 3 mentioned by 
Mohr has been continued at 00 \ 
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4. The compound NH 4 CI,2FcCI 3 ,4H 8 0, mentioned by Moh r j s 
theoretically impossible as a stable solid if one takes his figures at 
45°. Ko such compound has been found at 60°. 

5. A new solid, NH 4 ('l,4Fe(-! 3 ,f>lI 2 0, has been found to separate 
from certain solutions at 00 a . 

In conclusion, I desire to express my thanks to Dr. A. {'. p 
Rivett, whose help was invaluable throughout this work. 

University or MranonixE. /»YfvnW, AjhH ^ 

CLYU . — /l Critical Solution Temperature for Solids in 
the Binary System Ammonium Chloride -M a nijnnom 
( 7/ 1 or idv D i h yi Irate. 

Ry I’rkiikkhk William Jkitrkv (*li:ni>ixnkx and Ai.iu;iit 
t’UKiim ry David Riyktt. 

Thb analogy between two-phase systems of liquid ■•vajiuiir and 
liquid- liquid appears to have been pointed out first by Xeiibt 
{Z. phynikal. ('hun.. lSSIb 4, 3S3). Later, Masson {ihitl.. |s[)l, 
7, oOO ) developed the comparison in some detail, particularly faun 
the side of temperature iiifluetuv, and proposed the term “ critical 
solution temperature " for the point of complete miscibility of l\vu 
liquids experimental iv established ill several eases by Alexejrw 
(Wild. Ami.. ISSti. 28. thus emphasising the likeness lietwon 
it and the critical temprtatuiv of liquid and vapour. Kainsav 
(Z. pk if nihil. Chute, l*!M. 7, All) suggested that the similarity 
would be more cornet ly shown if one }i|otted isotherms giving 
osmotic pressures again -i specific volumes, instead of the boliars 
of Masson. Hie parallelism cannot, however, be regarded a< 
Complete, >ince the lower eritieal solution temperatures in liquid' 
liquid systems have no eounterpart in liquid vapour systems 
(compare Rtiehner in Uoo/.ebnoin’s “ Das Hcterngcue < i leieh^e- 
wicht,” II. ii. p. 2 onwards). 

The recognition of solid solutions by vau’l Holt [Z. 

Chute. 1MML 5. 3-2) might have* suggested the possibility ef a 
similar eritieal solution temperature fora solid solid binary system, 
but llo case appears to have been described. We have Leii ltd 
by two pieces of evidence to seek for such a |w>int in the system 
ammonium chloride -manganous chloride dihydmte, investigated 
through the ternary system containing the two salts and water. 
In the first place, a glance at the diagrams in an earlier tem- 
munieaTion (I'lendinimn and Rivett. T., 1921. 119- 1329) giving 
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this system at 25° and 60“ will show that the break near the 
ammonium chloride end in the formation of mixed crystals between 
ammonium chloride and manganous chloride dihydrate is decidedly 
(rreater at 60° [loe. nit., p . 1331, line FO in Fig. 1) than it is at 25® 
Jp. 1333, Fig. 2). Again, in the very similar system with cobaltous 
chloride in place of manganous chloride {(lemlinnen, T., 1922, 
121, S04), complete miscibility of aininnnimn chloride and the 
dill yd rate is realised in the corn . sending portion of the system 
iit GO 3 . »So that a critical solution temperature in each system would 
appear to be a possibility. We have confined attention to the 
former. 

To establish the case thoroughly it has been considered necessary 
to work at 70'\ GO , 50 ", 40', 32*5 , 25', 20 . and 10 . the experi- 
mental procedure being mucb t Ji<‘ same as in the previous paper. 
As usual, the effect of pressure has been left out of consideration, 

Table I. 

Kfteet of Variation of complex at 25'. 

|Vjv«-Jitag«' f nmj>n.-.iUoii, 


Solution. Ht'.si'Iui’. 


X<|. i>\. 

NH 4 (1. 

Mnf'h. 

XH 

Mill ’i 2 . 

1 Mol 

2 u-. 1 i* 

.’>•22 

i 

.1-.1!* 

2 MOl 

2li-.1l* 

:t 2a 

ii!*-2 

4-14 

;} Mia 

2u:iu 

:> .in 

st-.l 

:M3 

4 11 42 

23-n.i 

S .11 

«;!•:* 

7 -.Vs 

1-U4 

2:it n 

S-7o 

ii2-‘i 

1-22 

(i 1 - 1 4i» 

2:t- 1 a 

u-:i2 

7.1.1 

•1-73 

7 list 

21-14 

la-ai 

.1.1-2 

13-sT 

8 MSI* 

20-Jiu 


«i.1-2 

13-.1T 

since the alteration in 

soluhilit \ 

brought al 

tout by Hinder 

ate change 

in pressure is quite 

negligihh 

*. As will 

tie seen, the 

isotherms 

obtained leave no room for d< 

*ubt about 

the eXMetlee 

of a lower 


critical solution teinjierature at a little under 25‘ : liut to deter- 
mine the precise value of the temperature is another matter. For 
*iiK'e the composition of M*lid phase varies progressively with that 
<4 the liquid. it follows that if stieh an amount of >olid in is required 
fur aee urate analysis be separat'd from a solution. its r< imposition 
is likely to be an average of innumerable layers, earh differing 
slight ly' fmm the ne\i. rather than to be throughout that which is 
in equilibrium with the linal liquid. That ihis i> -o is dearly seen 
fiuni falile l and Fig. I. the latter repo during a part of a triangular 
diagram. 

Complexes of 50 grams. of mean eoinjMisiiioii represented by the 
crosses 1, 2, 3 . . .. were heated in homogeneity in scaled glass’ 
lubes and then rapidly cooled to 25 and rotated at that tern- 
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perature for about twenty-four hours in a thermostat. The analyse 
of solutions and residues show that when the percentage of man- 
ganous chloride is low (as in cases 1, 2, and 3) the composit ion of 
the residue varies greatly with that of the complex. The variation, 
however, is less when the proportion of manganous chloride increase^ 
(as in 4, 5, and 0) and has become very small in the region of tho 
complexes 7 and X. Fortunately, the latter happens to ho t he 

Fits. 1. 


nm 



part in which tin* main portion of thi-> invest ig.U i<»n lies. lh 
keeping complexes always of >ueh oompo.dtioii that only about 
three grams in fifty separate a> solid, tin* doubt as to the pm'bo 
solid in eituilihrium beeomes .diglit. alth«.ugh it remains >iiiliricm 
to make the determination of the evict eritieal point umrrliiiii. 
The difficulty ean he oven-mue, hul since we have been ci.iwrnutl 
with establishing tin* existence <4 a critical temperature ratlier 
than with its precise determination in a particular instance. thr 
extra work has not seemed worth while. 



h'nj. 


TEMPERATURE FOR SOLIDS in THE nivAijv ox, 

HL BINARY SYSTEM, ETC, 1.347 

^ X A> K R r M JO N T A L. 

Table IT gives the experimental figures for t i • 

(igmra quoted for and £}' h-mg addition ,F !„ ,7 
published, and at 25* correcting 7? It 
(//«} have been determined for all solution l’ De “ slfl,s 
these and of the n,idm, (wet i, 

weight of aininoniiim chloride and •ui'ivdrfn ' ^ l Km ' nta S < ' s lj y 
Water, found by difference, is no, quM,,.’ 
the percentage of aniinoniuin chloride j„ i J... ,i,.„ .. r . ' ls 

obtained graphically in - ' ' 11 > il hguro 

each case for the point of 
intersection in a tri- 
angular diagram of the 
line solution -residue pro- 
duced and that joining 
the points corresponding 
with pure NH 4 C1 and 
MnCl Sl 2H,0. I'ig. 2 shows 
these results, including 
some from the previous 
paper, plot ted in a triangle 
of which only so much is 
reproduced as is neces- 
sary. From 70" to 2.V 
there are two curves inter- 
secting sharply along the 
line ah, 'I his lino is 

practically straight up to 
an d then is markedly 



iQ<-.r 


deflected. 1. his eliange » ,f 
direction at higher temp, i 
pro\ cs to he of any inter 
tin units curves. To show ihjs m „ r ,. 
results rather dilferemly. and pro It: 
reproduced in Fig. ;j. "\s unlii ,. v 
ammonium chloride in liquid, i 

,he Percentages in the dr .. j, 

column, Table II). The,e ‘curves 
111,1011 of animonimn ehloridc 


£3 


5 ? 


-►MnGfc 


U urc. will ho investigated further if it 
•>i. i >*dt iw 2;> . the js lints lie on cm- 
cfiniiWy. one inu>t plot the 
ly tin dmjdo.t way is that 
!v l-d-it-n tho poivoiitages of 
; >. lahlr 11;. and (l s abscissie 
'piilihiiur.i with these (Ia>t 
i"!t‘ tin* relative distri- 
litjuio and .-.did jiha.es. 


fcW* int« , twcn|' '"' 1S " i,M ' l | :S |H ' " lit ' i " lilvi,lt ' "hole 
homoget c ^ " .rr' 1 1 "" i " r< -ions of existence of 
° ' ' n p't ‘l'i |;, se. mixed crystals. C is a hetot^eneous 
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Table II. 

Percentage composition . 


Temp. 

TO 1 


W’ 


."o 


40 



So lut ion. 

Residue. 

Dry solid. 

Dl 

NH 4 (1. 

MnCl,. 

XH 4 C1. 

llnClj. 

XH 4 C1. 

1*1 80 

30*. Vi 

12-13 

0.7!) 

17*4!) 

7.7*0 

MS!) 

30*11 

12*07 

.70*0 

17*40 

71*1 

i*ior» 

20-03 

13-48 

00*7 

20*80 

00-5 

MOO 

2!)*.')S 

13*43 

;77*0 

21*21 

08*4 

1*200 

20*38 

13*7.7 

4 !)■"> 

22*23 

03*3 


20*28 

13*02 

,74-8 

23*32 

04* S 

1 20 1 

28-85 

13*5)8 

40*2 

21*00 

.70-4 

1*200 

28*7.1 

1 l*2S 

48*0 

27*20 

r.7*:s 

1*207 

2S-10 

14*80 

40!) 

28 ! .7 

5.7*2 

1-207 

27*80 

14*1)0 

40*3 

2!»* M» 

53*7 

1*211 

27*4:1 

1.7-00 

43* 1 

31*24 

50*2 

i-2i:i 

27*11 

1 0*8.7 

40*0.7 

2!)*.' >(» 

40*8 

1 21!) 

20*07 

10*00 

42*4 

33*12 

48*3 

1-IS7 

2 8*51 

12*20 

,72-1 

10*72 

73*4 

l • i !>;> 

27*88 

13*34 

00*2 

2o*2o 

“U*S 

1*107 

27*0!) 

13*03 

.751*2 

21*02 

00*0 


2 7 *.73 

13*78 

.70 4 

20*40 

00*3 

M!)7 

2', .72 

13 SO 

32*0 

1 !)*S0 

r.O-o 

l-loo 

2 7 -.72 

1 3*1)0 

.74 -ii 

20*34 

00* 1 

l*2i»2 

27*10 

14*07 

.71*3 

10*03 

08- 0 

1*204 

27-40 

14*17 

34 • S3 

22-, 71 

00* \ \ T 

l*2o.’> 

27-41 

1 4*0.7 

.71*1 

22*00 

0.7*3 | 

l*2ol 

27-3.7 

14*13 

.7.7*3 

21*77 

07*8 

1*202 

27*2.0 

14 17 

.73* 1 

2l*o0 

1)7-0 1 

1*2»2 

27 !'»o 

Uls 

45)0 

2l*lo 

).7-4 

1 2“2 

27-2-7 

14*27 

00*0.7 

2 4 -.70 

0)1* 4 . M 

1* 2o.-i 

27*20 

14*30 

47*0 

20* si 

0.7*7 1 

1*204 

27-11 

14 72 

.72*73 

22-03 

0.7*3 


27-70 

13 S3 

IS* S3 

24 40 

0)1*8 ' 

l*2o2 

27-1 .7 

14*13 

4 1*1 .7 

22 87 

00*2 

Moo 

20* 7!) 

14*40 

4 s* 1 

20*10 

.70*2 

1 2o7 

20 So 

1 4*5)4 

.7) i S 

3M0 

3.7*3 

1*212 

20-27 

1 .7-no 

1,7*2 

27*22 

5.7*0 

121:5 

2-7* 32 

It 12 

12 2 

2 s ■ 2 0 

53*2 

l-IOS 

27- ) 1 

II »»5) 

01*3 

1 4 07 

7s-s 

1*177 

2o o 

12 )*4 


17 352 

75*3 

1 * l tot 

2.7-S.7 

13*01 

5‘.»*S 

10 ol 

72-5 

Moo 

2.7*22 

14*0.7 

3)>-.>2 

21*33 

OS- 3 

l-2ou 

2 Ml 

1 MO 

4.7 .3 

2 4-41 

50-0 

1211 

2:;-7'.t 

h. o", 

45) 3.3 

30 00 

5.7*0 

1-210.7 

23 lu 

Hi 5't 

4)5*7 

31* s!) 

.73*2 

I los 

2':» :;o 

3-'.is 

1.7-0 

3 70 

5 Mi* 5 

l • i :;s 

2 7 3.4 

7*1. s 

0l*0 

s-i)2 

S‘H) 

Il-Vl 

2t.-.7s 

!)• | 3. 


i««-:;s 

v. 4 

1*102 

2.7 ". 7 

ltii-2 

r.| ; 

1 1*21 

si 2 

117 1 

2.7*o7 

1 1 *s . 

i.i 4 

1 n)7 


1-M 

21-02 

12 ■)»:; 

l.l-:; 

i -*■ 7 4 

7 7 ■ >. 

l-l'.to 

2 4"2 

13, (IS 

31 5* 

hi 2)i 

7 5-0 

I! Os 

23 Is 

I 1 03 

32 4 

Is III 

72)1 

MoO 

23*07 

1.7*10 

33 7 

•Ju 33 

t.O* 4 

l* 2 lo 

22 hi 

h'.-oi* 

1 4 5) 

2 4 •>:; 

tiu*2 

1*217 

21 *.7.7 

1002 

4(rO 

2 7 ■ 7 s 

.*» 7 - 1 V 

1 220 

2o*oo 

1 Till) 

Its 

2 s- Mi 

.75*7 

l*22o 

2< ?•;.*) 

1 s 3o 

1 i 4 

3) >25 

5 4 (t 
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Table TI. — (rmtinued.) 

Pera-ntagc composition. 


Solution. Kcsiduc. Dry solid. 


i/ 4 . 

nh 4 ci. 

Mnt'U. 

NHA 

MnClj. 

NHjCl 

l-23fi 

17-1)8 

21-28 

20-0 

20-8 

40-4 

1-288 

14-32 

23-10 

30<> 

30-2 

42-7 

1-320 

11-17 

20-21 

28 0 

38-7 

40-0 

' MBS 

24-22 

JO-70 

G2-4 

J2-02 

83-4 

M7IJ 

23-23 

12-21 

33-3 

13-10 

SI -4 

M8(i 

22-03 

13-33 

30-0 

13-00 

70-3 

Mfl;> 

22-07 

14-40 

37-1 

10-00 

70-3 

1-203 

21-30 

13-28 

30-(l 

18-43 

74-1 

1-20(1 

21-27 

13-04 

47*7 

18-70 

71-7 

1-211 

21-07 

10-07 

34 S 

20-08 

70-1 

1-210 

20-OS 

10-00 

34 S 

21-01 

oy-o 

1-212 

20-70 

10-30 

32-0 

21-03 

08-0 

1-210 

2o OS 

J 0*0(1 

*>2-2 


00-3 

1-212 

20- S4 

10-41 

40-0 

22-41 

00-1 

1-211 

20-18 

10-20 

4 00 

24-47 

01-3 

[-213 

2o-20 

10-30 

47 03 

23-33 

0(1-8 

1-21 

20- 11 

10-01 

43-0 

23-33 

0O-3 

1 210 

20-0 7 

jo-so 

40-1 

23-00 

on- 1 

1-218 

10-81 

17-30 

40-4 

27-20 

30 0 

1-227 

10- is 

Is- 20 

43-2 

27-73 

37- S 

1*231 

IS- 37 

Is 07 

40-S 

3o- SO 

33-1 

12-1 !i 

17-20 

20-04 

43 7 

32-20 

33-4 

J-210 

10-13 

17-oo 

43-0 

2o-31 

00-23 

1 -2 IS 

10- ON 

17 03 

32 3 

!s-3s 

00-23 

l-22o 

ls-so 

17 30 

40-7 

22 i'S 

*i<;-3 

1-220 

1 S\» 1 

17-7(1 

12-3 

23-03 

ii2-u 

1-222 

IS- 1 7 

17-73 

30-0 

23 si 

iid-0 

1-227 

1 7- Is 

Is 33 

hi- 3 

27 22 

30 4 

1 -2:1.7 

10-74 

10-03 

40-n 

20-03 

30-3 

1*2.71 

15-iiT 

■21-11 

43- S 

31-70 

33-S 

1-170 

20-33 

12-27 

01 . 

12 13 

s4-2 

;-lo3 

I0-3S 

14-34 

00 4 

1 4-s" 

s.n-4 

1-2IMJ 

1S-00 

13-84 

3s S 

1 

77-3 

1-207 

1 8-02 

13-03 

3 4" 3 

1*. ST 

77-2 

1-213 

Iv23 

lo-oo 

3 3 s 

10-20 

73-3 

1-2 IS 

1*011 

17-00 


2o 07 

711 

1-221 

i ; 73. 

17-44 

.77-33 

22 13 

no- 2 

1-222 

1 7-5*1 

17-70 

loo 

22-3" 

07-4 

1-220 

io-74 

Is 33 

40-4 


02 3 

1-243 

13 oo 

2o- Is 

3d- >1 

20 ss 

3 s- 8 

i -203 

13-03 

22-13 

47-3 

32 03 

34-7 

1-170 

17-3S 

13 33 

01 

12 32 

S4-s 

1-103 

17-ul 

1 1 sT 

33- s 

1 4-S7 

sl-1 

1-202 

hi 10 

13 o;| 

34 1 

! 3-00 

70-4 

1 213 

13-70 

l '. -hi 

l7-4«» 

i.| 2 

Is 03 


1-230 

1111 

lOtl 

33 3 

•o, 

03-3 

1 -212 

13-33 

2' >- 7 7 

32 (' 

2viiO 

iid-0 

1-2 70 

12-10 

22-22 

12 1 

3s 73 

3 s 3 


and solids of inrun I'lUhjn^iiion lvfiivsriurd l>\ # point: 
tllinj; witliin it srparair at >tal»lc * ijuiiil»nnm into nto phasic 
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capable of existing together and with a solution. At 70°, tliepe 
is a considerable gap, ab , between the com tuitions of co-(‘xLstmg 
solids. With fall of temperature the gap narrows, or mutual 
solubility of ammonium chloride and manganous chloride dihydrate 
increases, showing that the formation of the solid solutions i s 
exothermic. The solids steadily approach one another, the curve 
acb connecting the successive values of the two senes of solid 
phases. At a temperature probably a little below 25°, the regions 
1 A and B merge into one another 


Fit!. .1. 



and the two curves ac and k 
join together, c is clearly a 
(lower) critical solution point, 
and below it complete miscibility 
is characteristic of ammonium 
chloride and the d ihy drat c within 
the portion of llu* binary system 
studied. Thus at -O' there i> no 
break in the distribution curve 
yst, although there is a most 
distinct point of inflexion at *. 
At 10 , the inflexion is lc<s. 
although still very obvii.us, 
Measurements have been made 
•i |>< » at o and -10 , hut here 
irn-giilantieshaveapp-aredwhidi 
sturirest formation of mctiMalii- 
,.idids eliangim: only slowly t.= 
forms, and further works* 
nrce.vary; this, however. dw> 
not e. I feet the establishment iJ 
lh.- r; i • iea 1 solid-s<dllli"]i Ml- 
t»e rat ure. 


Wtrjld pmtit'W ''/'O'" 1 '" • ■ \ t i;,) and . nieta>tabic 

'• f curves have beell followed tfrll 

into tin- region C. The results a. >••■ me plotted on a "'-ivepen 
scale in Ki<>.4. Tin- i.mIhi- <■! t!i<- . ir. I.- k.uikI - at li j>< unt s r.|uiv,il« 

to one part in right Iran. In .1 tl.< aim. ium clil<.riilc in >' ’ lutlt,r -; 

Curve .1.1 corri-.-|"'ii'l> will, tlmt in Fig. !«. with ]X'.wmasf> < 
ammonium chloride in solution plotted as ordinates against pa- 
rentages in solid abscise: curve III I a solubility vunv 
the same ordinates, hut with [«•... -mages of manganous uliW 
in solution as abscU-.v. 

Then- can be .... .lonl.t that then- C continuity along a 
defy bflworn the two stahlo pa.;-, ef this. the pail '/ 
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wboNy unstable and unrealizable, whilst drpMJtj will bo metastable. 
r fhe latter, f(J, has been followed very fully, but to obtain joints 
f jp appears im possible. Except for one point which has not 
| Joe n confirmed, in all cmses, even when complexes were allowed 
. lS little as half an hour in the thermostat, analyses showed the 
solids to be either mixtures of d and g or else to be of compositions 
representing stages intermediate between metastable (first -formed) 
solids along de and the two stable solids d and g. At 32‘.V, the 
relations arc similar. 

For proper comparison with the fami liar critical curve (such as 
that of Andrews for carbon dioxide) obtained by plotting vapour 

Km. 4. 


If 'tight fifrrtuhHj* of vitingnuons t-hfori>h in uni at ion (rant Ji). 



pressure against specific volume.' in tie • en-rxi-ting plates of vapour 
atul liquid, it would be necessary to plot the diffusion pressure of 
one of the components against il> speeilie volumes in the respective 
’ o-existing solids. The diffusion pr^siuvs. upial in the two solids, 
i'onlcl of course be function:* of tin osmoiie piessiire of the same 
out ponen t in the solution with wlthb both solid- mv in equilibrium. 
Othough it is in it possible to obtain tliese i|iu,utiti“'. it is evident 
rom Tig. 3. where weight peivemag<‘ of ammonium chloride in 
elution is j dot ted against that in 1 In* solid, that the relationships 
m the one hand between o-motie pressure and Weight percentage 
if ammonium chloride in the solution, and on the other between 
b specific volumes and weight pcieeutages in the two solids, are 
jiuJi that the existence of a critical solution temperature remains 
h>IKUvJit when these more readily attainable quantities are plotted. 

VxivKftsiTY or Mfuiocrxi:. •. /, April Wh, 1923.] 
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CLVIII . — The Structure of the Normal Mono- 
saccharides. Part I. Xylose. 

By Edmund Langley Hirst and Clifford Burrough Purvey 

The prevalent use of the phrase butylene-oxide sugar * to specify 
a derivative of the normal or .stable type is an indication of the 
wide extent to which this view of sugar structure has found accept- 
ance amongst organic chemists. The evidence in favour of this 
particular structure is drawn mainly from a consideration of the 
spatial relationships of the four valency bonds of the carbon atom, 
the formation of a five-membered butylene-oxide ring involving 
little strain in the molecule. Whilst it may be true that the 
chemical properties of the normal sugars have almost all found a 
ready interpretation on the assumption of a y-oxidic linking, 
nevertheless a review of the recent investigations carried oui by 
Helferich and Malkomcs ( H<v 1922, 55, [/P, d>2) and by Borg, 
mann and Miekeloy {ibid., 1 300) shows that the existence of 
S-lactonic rings in sugar derivatives is a possibility that must 
seriously he taken into consideration, these inwstigators have 
found that 8-hydroxy -aldehydes and -ketones react in the form 
of lactones containing an amylcne-nxide ring, and these lattcmes 
were found to show a remarkable parallel in their behaviour to 
aldoses and ketoses. In view of these results, the question of the 
structure of the oxygen bridge in normal sugars ami their dcriv- 
atives must hr regarded as still an open one. The properties of the 
few ethylene-oxide and propylene-oxide compounds which have 
been prepared render it very unlikely that either of these structures 
will be found to be present in normal sugars, but any attempt to 
make a clear decision between the butylene-oxide and amylcuf- 
oxide ring systems is rendered more complicated by the fact that, 
whilst the 8-hydroxy-aldehyde of Helferich and Malkmncs ivsi-mblts 
a normal sugar in its behaviour, the 8-hydroxy-ketone prepared by 
Bergmann and Miekeloy is comparable to the '/-sugar-. 

It is highly desirable in a problem of >ueb fundamental import- 
ance as the nature of the oxygen bridge linking in carbohydrates 
that the conclusions should he based on dirert and web -established 
chemical evidence, and the present series of iniestigaliens h<K 
been undertaken with the object of securing such evidence. In 
this communication, results an- described which have been ubtamti 
from a study of the pentose sugar, xylose*. The exjjermu'H a 

’method adopted follows lines which have been developed U} 
Principal Irvine and ins collaborators, and which in thri 1 
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have been applied with uniform success to a whole series of problems 
j n the carbohydrate group. In the first place, the free hydroxyl 
groups of the sugar molecule are replaced by more stable groupings, 
s0 that the possibility of any change in the oxygen bridge linking 
during the course of the .subsequent experiments is either eliminated 
entirely or rendered easily observable. For this purpose, eminently 
.suitable derivatives are to be found in the fully methylated hoxoses 
and pentoses. The lactone ring in such a compound is then opened 
up by oxidation and thereafter, by continuing under mom drastic 
conditions, the alcoholic group thus produced is oxidised to 
carboxyl. A dibasic acid is formed in this way and the nature of 
the lactone ring in the original sugar is ascertained by identification 
of the final products of the reaction. Investigations were first 
tarried out with xylose, and the choice of a typical pentose was 
determined by several considerations. In the first place, the 
chemistry of the pentoses is considerably less developed than that 
of the hoxoses, and therefore the need for evidence as to structure 
is all the greater, in addition, oxidation of a methylated pentose 
presents a simpler ease than that of the corresponding hexuse 
derivative, in that a hexylene ring is automatically ruled out of 
account ami an ainylene-osidr structure would involve oxidation 
uf a primary alcohol group, which is known to be more readilv 
accomplished than oxidation of the secondary group which would 
be formed from a hoxose derivative po>se.-ring the same ring 
structure. This choice lias proved to be singularly fortunate in 
actual practice, in that xylose has proved to be one of the simpler 
cases, and the experimental evidence appeals, to leave little room 
for doubt that xylose possesses an amyleue-oxide structure. Oxid- 
ation of fj-t rim ethyl methylxylnside (I) and of trirnethyl xylose 
itself, under considerably more drastic conditions than those 
usually employed in the sugar group, resulted in an excellent vield 
of inactive xvlolriinelhoxyglutarie acid * (III), which was isolated 
first of all as its dimethyl ester (IV). this living afterwards converted 
into the diainide (\ ), and also into the fm acid. Analytical data 
have been obtained for all these derivatives, and in view of the 
importance of the results the whole series of operations, which 
may be represented by the scheme given below, lias been repeated 
on different occasions, and identical results have been obtained in 
each set of experiments. 


Note on mnuoin lalurr ; The »iii«i bus 1* vii named in fler>»rdame wan 
Hie iiomonclrtturi' adopted in the literature for i h«' dibasil- nobis oi The pentose 
-Ihcse are all trihydioxvglutarie aci.U and they may eotivoniently 
J | diffaculiatod by prolixin^ the name of th< from wliieli thev are 

obiumuble, » 



1354 


IIIRST AMD PtttlVES : THE STRUCTURE OF 


I H-C’OMc 
0 MeO-y-H 


(I.) 


yooH 

H*y*OMc 

McO-C-H 

H-C-OMe 

CH.-OH 

(ii r 


(JOOH 


li'Y’Oiio 

MeOC-H 

H-C-OMo 

CO-OMe 

(IV.) 


McO’Y’H 
II-Y'OMc 
COOK 
(III.) 

CONH 2 
H'Y'OMc 
MeO'CjhH 


CO*NH 2 

(V.) 


Special interest attaches to the formation of the diamide, which 
is a crystalline substance and therefore may he obtained in a state 
of purity definitely free from admixture with other substances. 
Evidence of this kind is specially welcome in the present case, 
where the compounds to be identified were syrups, and the homo- 
geneous nature of successive crops of the crystalline amide is by 
itself practically conclusive evidence that the syrups, which on 
analysis > r ave figures corresponding to (111) and (IV), were simple 
substances, and that xylntrimethoxyglutarie acid had therefore 
been obtained from methylated xylose. A remarkable peculiarity 
was displayed during the formation <4 the amide from the ester 
by the action of ammonia in methyl-alcoholic solution, the inter- 
pretation of which provides a striking confirmation of the presence 
of glutarie acid derivatives. Before crystals of the amide began 
to l»e deposited, tin* solution turned deep violet in colour, after- 
wards becoming reddish-brown, whilst the amide itself on being 
heated in air fused to a dark blue liquid. This may be explained 
as being due to the formation of the imide of trimothoxyglutarie 
acid,. which then loses methyl alcohol to form a dihydroxydimetlioxy- 
pyridine. Reference to the work of Rogerson and Thorpe (T., 
1905 , 57, 10*5) shows that (iihydruxypyridines are known to 
oxidise in the presence of oxygen to give blue substances. Ihi 
change is probably due to the production of a structure similar 
to that present in indigotin, whilst on further oxidation a deepening 
of tin* colour would be expected. 

The substances isolated from the oxidation experiments appeared 
to be perfectly homogeneous, and on several independent oeeasiui)> 
identical materials giving the same analytical figures were obtain* . 
but in view of the unexpected nature of the results it was te 
that every possible interpretation should he examiner. * 
ingly, attempts were made to find whether any possible miMu 
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0 f compounds might be obtained from xylose which would give 
results similar to those found by experiment, and from an exhaustive 
survey of the possible oxidation products obtainable from a fully 
methylated xylose possessing an ethylene-, propylene-, butylene-, 
0 r amylenc-oxide structure, it appeared that the only mixture 
which needed serious consideration as giving approximately the 
same analytical figures for all derivatives (acid, methyl ester, and 
amide) as those actually found was one composed of dimethoxy- 
guccinie acid (50 per cent.) and trimethoxvxylonic acid (50 per 
cent.), which might be derived from xylose if the sugar had a 
butylcnc-oxidic linking, it quickly became apparent, however, 
that the product isolated could not possibly consist of this 
particular mixture. An examination of the stereochemical con- 
liguration of xylose shows that this dimethoxysuccinic acid and its 
ester should be optically active in the dextn, rotatory sense. Xylonic 
acid shows only slight activity and therefore it is probable that a 
mixture of trimethoxyxylunie acid with dimethoxysuccinic acid 
would be optically active. The* product actually isolated was 
definitely inactive. That this inactivity was not due to racemisation 
during the vigorous oxidation process was proved by the observa- 
tion that the more reactive d-turtaric acid showed no sign of 
racemisation when treated under the same conditions, further- 
more, the diamide of dimcthoxysuceinie acid is readily obtainable 
from the ester, and is a well-characterised and easily identified 
substance (Purdie and irvine, T., llml, 79, tuiop The fact that 
no trace of this substance \va> ferns d durum any of the prepar- 
ations of the amide now d»scrib«d poini" strongly to the complete 
absence of dimethoxysiieemie acid, and pn.vidrs additional evidence 
in favour of the conclusion that oxidaiioii of methylated xylose 
gives a dibasic acid without l<-s i f a nuthoxyl group. A result 
of this nature would l»o quite inqosdblo assuming a butylene- 
oxide structure in the original mi gar, and therefore the experi- 
mental evidence here described would appear to indicate definitely 
that xylose possesses an ainyiene-oxide linking, a result with 
which the chemical properties are in complete agreement. Most 
of the reactions of the sugar may be explaimd eipially well on 
the basis of either a butylene- or an amyk in-nxide ring structure, 
hut certain eharaeteristie pn<p« rues, -lull a- tile ready trans- 
formation to furfural, can be more iasiiy understood on the basis 
of the new formula. Thus the pr. dm-timi of a furan ring with a 
hw aldehyde group invuhrs tlie formation of an oxygen bridge 
linking between the second and the fifth carbon atom of tile chain. 
Mid this would be expected to take place men readily if the fifth 
carbon atom was already imohed in a linking of this tyjn\ It 
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is especially interesting that xylose should have this type of ring 
structure, in view of the evidence obtained by Haworth and Linneij 
(this vol . , p. 294) and bv Haworth and Mitchell {ibid,, p. 301) that an 
amylenc-oxide ring is present in tetramethyl y-fructose. Methylated 
xylose does not show the characteristic reactivity and instability 
of y-sugars, but reference once more to the behaviour of the 
S-hydroxy-aldchyde (VI) of llolferich and Malkomcs as compared 
with the much" greater reactivity of acetylbutyl alcohol (VII) f 
investigated by Bergmann and Miokcley, shows that there is not 
of necessity any incompatibility in the two results, for xylose 
corresponds to the hydroxy-aldehyde, which has properties resemb- 
ling those of the normal sugars, whilst fructose corresponds to the 
acetylbutyl alcohol, with properties similar to those of y-sugars. 
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i CH-OH 
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As the result of experiments conducted with xylose alone, it 
cannot be claimed that the structure of the normal juuitoses or 
hexoses in general is of the amylene-oxido type, and the whole trend 
of the argument advanced is to emphasise the need for independent 
structural investigation in the ease* of each of the sugars, and it is 
proposed to extend on these lines the work which is described in 
the present paper. 

K x r K u i m k nth. 


Tlu- triimthvl methvlxvlo>ide and tin- trimi-lliyl xylo-r ni|iured 
as starting mat, rials for lit,- i«-x-»t investigation w .v |,r, T am 
from xylose in the manner already deseribed t Canutla.s a„d 
Hir^t T 10 ,v> 121 2200). the xvlose itself being obtained bom 

esparto eelluh'-e (Uibt. HrU. .1-- top**. **■ 

Ind,, 1022, 41. 302 H). l*hc adulation y\ 
normally to give Vtrinirtliy! mnhy!xyi.»*id 
further comment. 
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is obviously of ini|M»itain-»- in uth« r snmlur t ast,.-. 
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nvcn for one oxidation only, but the series of operations has been 
"arried out on other occasions also, both with trim ethyl methyl* 
scyloside and with trim ethyl xylose, to give results identical with 
those described. In one ease, a further account of which is given 
below, the isolation of the products was rendered more complicated 
owing to the presence of some incompletely oxidised material, but 
here also the main product proved to be the same as that obtained 
in each of the other experiments. Crystalline trimethyl methyl - 
xyloside (5 0 grams) was dissolved in 80 c.c. of nitric acid (d 1*20), 
and the temperature of the solution maintained at 90° until the reac- 
tion commenced. The temperature was then lowered to 80 c and kept 
at this point for a period of six hours, until the evolution of oxides 
of nitrogen, which at first took place very vigorously, had ceased 
entirely. The clear, colourless solution was then diluted with an 
equal bulk of water, and the greater part of the nitric acid removed 
by distillation under diminished pressure from a water-bath at 50°, 
water being added continuously as distillation proceeded, until 
altogether some 2 litres had passed through the apparatus. On 
concentration to a syrup under the same conditions, a colourless 
glass was obtained which still reacted strongly acid to congo-rcd. 
This was dissolved in methyl alcohol, and the solvent distilled 
awav to remove the last traces of water from the system, after 
which the syrup was treated with 00 c.c. of methyl alcohol con- 
taining 3 per cent, of hydrogen chloride. Esterification of the 
carboxyl groups was effected by boiling the solution for six hours 
under a reflux condenser. Silver carbonate was used to remove 
the hydrochloric acid and on evaporating the neutralised solution 
a syrup was obtained which contained some silver nitrate, formed 
from the nitric acid which still remained in the system. This was 
eliminated by dissolving the syrup in ether and filtering, the 
inorganic material being insoluble. After removing the ether, a 
neutral, yellow syrup resulted which was purified by fractional 
distillation under diminished pressure. The isolation of the 
oxidation products iu the form of their methyl esters was found 
to be much more convenient than attempting a direct examination 
of the free acids, for adoption of this method of procedure rendered 
possible the separation and purification of the reaction products 
by simple distillation. Emm Ihc original .VO gram- of tri methyl 
mothylxyloside the billowing fractions wi re obtained : 

1. 4 2 drains, b. p. 132 12 nun. (hath 154 ); «*:' T4402. the 
last portion of the fraction showing ?if? l -l tOS. 

H. 03 Oram, b. p. 140 — 100 12 mm.: 1 *441 S. 

HI. Still residue negligible. 

Methyl Xylo-trimcthoxyglula ni (c , — The main fraction *was a 

VOL. CXXUI. 3 A 
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colourless, mobile oil which could not be induced to crystallise 
It had the chemical properties of an ester, did not reduce Fehling g 
solution even on continued boiling, and was soluble in all the usual 
organic solvents, solution in water being accomplished without 
hydrolysis of the ester. It was optically inactive in methvl- 
alcoholic solution under conditions (c — 2, l = 2) where a specific 
rotation of 1° would easily have been detectable. The analytical 
figures and the optical inactivity showed it to be the dimethyl 
ester of an inactive trimetlioxyghitarie acid [Found: C==48*0; 
H = 7*5; OMe - 00*5; COJUe 4lr(>. (CH*0Me) 3 (C0 2 Mc) 2 re- 
quires C — 48'0; H - 7*2; OMe ----- 02: 0() 2 AIe 47*2 per cent.]. 

The carboxyl groups were estimated by hydrolysis of a weighed 
quantity of the ester with a known excess of caustic soda .solution. 
The molecular weight of the ester in benzene' solution was found 
by the cryoscopic method to ho 242 (calc., 250). The yield of 
analytically pure material amounted to 70 per cent, of the calculated 
quantity. 

Xylo-trimcthoxif/jlutariv Acid. -The ester was wanned with excess 
of a solution of barium hydroxide in water for one hour at 80- DO , 
the barium was removed as sulphate by the addition of the exact 
quantity of sulphuric acid, and the colourless solution was evaporated 
to dryness under diminished pressure, in this manner a viscous, 
yellow* syrup was obtained which at the ordinary temperature was 
almost a glass. Treatment at 100" in a vacuum did not result in 
the formation of any lactone or anhydride, the reaction towards 
alkali being thereafter that of a typical acid, giving a sharp end- 
point on titration in the cold with phenolphthalein as indicator. 
The acid did not reduce Foldings solution even at the boiling 
point. It was found to be very soluble in water, somewhat lew 
soluble in methyl or ethyl alcohol and in chloroform. It proved 
to be impossible to characterise it readily in the form of a salt, 
since the neutral thallium salt was a glass, the barium salt was 
amorphous and syrupy, and attempts to obtain crystalline deriv- 
atives with alkaloid bases were equally unsuccessful. The arid 
was optically inactive, observations hiring marie both for the 
aqueous and the ethyl-alcoholic solutions. Analysis showed it to 
be trimethoxyglutarie acid j Found : C 432; H -fill; 
OMe — 40*6 ; FUJI 3!P<>. (ClFUMeyCOJl), requires C - 
43*2; H = 6’3b : OMe 4 1 U : C(Ui 4(> o per cent.]. 

Diamide of X^lo-ffi/nr(ho.rt/gluhiric Arid One gram of the 
dimethyl ester \va> dissolved in (j c.<\ of methyl alcohol which had 
been saturated with ammonia gas at 0 . After four days at room 
temperature in a stoppered tube, the solution developed K dw'P 
blue colour and on the lift h day crystals began to be deposited. 
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At the end of ten days, formation of the amide was complete and 
on evaporation to small volume a further quantity of crystals was 
obtained, the mother-liquors by this time being reddish-brown in 
colour. After filtration, the solid was washed successively with 
methyl alcohol and ether and finally dried in the steam oven 
The crystals thus prepared (0 32 gram) were white, melted sharply 
at 194—19o , and were slightly soluble in the cold in water ether or 
methyl or ethyl alcohol, and dissolved more readily in these solvents 
at higher temperatures. Reerystallisatiou could he carried out 
easily from a mixture of ether and ethyl alcohol, the recrystallised 
specimen melting at 1 9.1’. From solution in methyl alcohol the 
amide was obtained in short rods of characteristic appearance 
under the microscope. Ammonia was evolved when the substance 
was heated in air, the melt becoming first of all deep blue and 
afterwards brown, llie crystalline appearance, the failure to 
sublime when heated, (he solubilities, and the melting point all 
sharply distinguish this conijumnd from the diamide of diincthoxv 
succinic acid, and its identity as the diamide of xvlo-triinethoxy" 
glutarm acid was confirmed on analysis [Found: 0 = 438; 
H = 7oo; A' - 13 0 (by Dumas's method): OMe = 4! 7 
(CH-OMeyCO-XH,), requires C ... 43 (i; H = 7-27 ; X — 12-73 ■ 
011c = 42 3 law cent.]. The esters derived from the different 
oxidation experiments all gave the same amide, and the same 
succession of colour changes was observed during the preparation 
of the amide. Blank experiments definitely proved that the 
formation of the highly coloured derivatives was dependent on 
transformations undergone by the ester and was not caused bv 
adventitious impurities present in the metl.vl alcohol. On account 
of the ease and certainty of its preparation and the readiness with 
which the pure compound may be obtained, the diamide forms the 
most suitable derivative of xylo-trimcthoxvidutarie avid as yet 
a\ailable for identification purposes. 

( 'onfinmiiorij Exy rim, at >■. 

ihree of the four oxidations carried out gave results practieally 
ldintical with those just desorilied. hut in one case, in which the 
lead ion was stopped before the nitric aeid solution had become 
pu c colourless, slight differences were found. !»-2 Crams of 
J™ K i.*?»a! Cth ^ 1 ?y, 0 f*li'? av< grams of ester (b. p. 132 Umim; 
1" 1 -f 1 •’ * D r ‘ ' *" wtl'.vl aleohol. 1-74). 'J’he 

'™J 1 { lgUres <lkl m,t eorrespoiul with those required for any 
-Js, distance (Found: f- 47 0: 11 , 7 2:,. OMe o4« peV 

follmviiiT U |,um l*' ,u ‘ nts t,u ‘ in > xtliri ' Meiv separated in the ' 
g ma uner. The syrup (0 grams) was hvdrolvscd wit!) 

3a2 
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baryta, and alcohol gradually added to the resulting aijiu :< , Us 
solution of the barium salts. A fractional precipitation of barium 
derivatives took place, the first portion of which was rejected. The 
remainder was treated in t lie usual way to give the free uc-id 
(3*5 grams), and this proved to be optically inactive and identical 
both in physical and chemical properties with the trimethoxv* 
glutaric acid already described (Found: (• 431 ; H ^ (its ; 

031c = 41-6; C0 2 H — 39*6 per cent.). Esterification in the 
usual manner gave an ester identical with that previously identified 
as the dimethyl ester of xylo-trimethoxyglutaric acid (b. p. ] 
nun., 1*4368) (Found : C - - 48*0; 1L =-- 7'38: ()3Ie (jj-.j; 

COjMc — 47’S per cent.). On treatment with ammonia in methyl- 
alcoholic solution, the diamide (m. p. 1 95°) was obtained, the 
formation being accompanied by* the characteristic colour changes 
recorded above (yield 3d per cent. In other preparations, yields 
varying from 30 — 40 per cent, were found). There can be no 
doubt, therefore, that in this oxidation also the main product was 
t ri met h oxyglu t a rie ae id . 

In view of the lengthy treatment with hot nitric acid to which 
the oxidation products were subjected, the possibility existed that 
the optical inactivity of these compounds might he due to raocmis- 
ation. Test experiments were accordingly carried out under the 
actual conditions employed during the oxidations to investigate 
the racemising action of nitric acid. It was found llnit with 
d- tartaric acid, which may Ik* expected to he more sensitive to 
racemising influences than the more stable methylated acids, no 
change in the optical rotatory power was observable after six 
hours at t)0 with nitric acid of density 1- (Found : H.T; 

1—2, c - lf>*0). Inactivation of the oxidation products ly 
racomisution must therefore he regarded as highly improbable. 

The authors desire to e.\pre» their gratitude to the Trustees 
of the Carnegie Tru.-t for a grant which enabled the work tube 
carried out. 
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{'\j IX . — The Chemistry of the Three-carbon System. 
Fart L The Influence of the cycio Hexane Ring 
on the u ft- fly Change. 

Bv Stanley Francis Birch, Georoe Xrmanh Robert Ron, 
and Woodvorh Stanley Go wan Plucks ett Xr juris 
[With an Introductory Note By Prof. V. Thorpe], 

Intro rectory Note, 

Usino the term tautomerism to mean reversible isomeric change in 
its widest sense (compare Kon, Stevenson, and Thorpe, T., 1922. 
12T 6o0), it follows that there are two distinct manifestations of 
the phenomenon which, fur the moment, do not ap[>ear to hear any 
relationship to one another. The first, whidi may he termed the 
aromatic ” manifestation, heeau.se its occurrence is associated 
with the development of aromatic character, entails valency inter* 
cliange unaccompanied by the movement of a hydrogen atom. 
The second, which may he regarded for similar reasons as the 
” aliphatic ” manifestation, involves the movement of a hydrogen 
atom from one element terminating a tautomeric system to that 
terminating the system at the other end. The classical example of 
ethyl aeetoacctate, which is the best known illustration of the 
koto-enol change CH~ G— 0 - C — 0 OH . may he taken as t vpical 
of the second manifestation, and benzene the one in which the lirst 
is in evidence. 

When, however, the chemistry of the three-carbon system, 
RCJI— 0-0 KC-U“CH, is collated. it is evident that there 
arc certain, apparently fundamental, dilference> between it and that 
(if the keto-enol system. because the chemistry which has hitherto 
been associated with the three-carbon sy.-tem is that winch, fur 
want of a better name, has Urn called the chemi>try of theglutaeonie 
or semi-aromatic type, in which the occurrence of a normal or 
semi -aromatic form has been postulated. This form lias, up to the 
present, found no counterpart in other systems exhibiting tautomeric 
change, and its occurrence stems to show that the kind of tauto 
merisiu exhibited by the thive-earbon system is t.f a different order 
hom that shown by any other three-elemental system, and that 
h ought, therefore, to ho placed in a ela<s by itself. But it is 
unreasonable to suppose that the general principles underlying 
tautoinerism of all three-dementa! systems are not based on the 
plan, and it is, in the highest degree, desirable to make every 
effort to bring these principles into line before placing any pheno- 
mena arising from them into water-tight compartment*. IMhi* is 
done, the following conclusions are drawn. 
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(1) In an asymmetrical glutaconic system, as in a symmetrical 
system, the normal form (C) is intermediate between the tautomeric 
individuals G4) and (B ) : 

(H) 

CHR-C=C CR-C-0 CR-C-CH 

(.4) (O (») 


This follows because the existence of the normal form has boon 
proved thus : 

(a) a-Mc'thylglutaconic acid exists in a normal and a labile 
modification which are both cis- forms, and are related to oik; 
another, chemically, in precisely the same manner as the two tonns 
of fJ-methylglutaconic acid. 

(b) (3-Mcthylglutaconic acid exists in two forms, called by us the 
normal and labile forms, which bear exactly the same chemical 
relationship to one another as do the oi-mcthylglutaconic acids, 
Nevertheless, in this ease, the possibility of isomerism, based on 
our present system of formulation, is narrowed down to that of the 
cis - and fra/ia-type, owing to the position of the methyl group. 

This is indeed the view of the structure of these acids advocated 
by Feist. 

‘(c) The esters (methyl and ethyl) of methylcyWopropcnedicarti. 
oxvlic acid exist each in three forms, one enol and two keto (Goss, 
Ingold, and Thorpe, this vo!., p. 327). In this case the <pie>ti<m of 
cis-frans-isumerisin does not arise and therefore one of the keto- 
esters must have the normal form, which means that the hydrogen 
atom cannot he placed on any element- present in the formula. 

The occurrence of the normal form between the two potentially 
tautomeric individuals (-!) and (/>) can be proved by a number uf 
experimental facts, but is probably best illustrated by the formatiun 
of the hydroxy-anhydride (l) from the normal acid (11) and the 
hydration of tin* hydroxy -anhydride under >peeial conditions tu 
the labile acid (Hi) : 


OH(H) 


,4'U-nui 

' rtH/oji 

MI.) 


nt 


(R C<K 

rii;r(onr 

M.) 


ril 


C1MUH 

S'lUUll 

,11)’) 


CH 


numui 

(’IHXUl 

MV.) 

The other tautomeric individual (IN) cannot, in this ou. hj 
pnxluc cl. because its formation would necessitate tin- 1“^ “ 
the mobile hydrogen atom throujjli its mole stable (mutual pw 
in the three-carbon system. It lias already been shewn , 
it does [iass out of this jk isitioii to form, for example, the H}" > 
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anhydride, it passes away from the carbon atom carrying the 
methyl group. Feist’s view that the esters 

C0 2 Ft*CHMe*CH:CH*C0 2 Et ^ C0 2 Et-CMe:CH*CH 2 -C0 2 Et 

arc tautomeric and that the identity of the a- and '/-positions in 
lutaconic acid is due to this cause, cannot therefore be correct, 
and the fact that he obtained two pairs of decomposition products, 
each pair corresponding with each tautomeric individual, by the 
aid of ozone merely shows that the normal ester ozonises, as one 
would expect it to do, as if it were a mixture of the two tautomeric 
individuals of which it is the intermediate phase, and also that the 
labile ester passes partly into the normal ester during ozonisation. 
The marked difference in the behaviour of the normal and the labile 
ester towards additive reagents of the type of ethyl cyanoacetate is 
in itself absolute proof that they cannot be related as the tautomeric 
individuals (.4) and (/*). 

It is evident, however, that conditions may arise, in the glutaconic 
series and elsewhere, which will so far diminish the stability of the 
normal form as to render it merely a pacing phase in the change 
between the individuals (.4) and (/>). Indeed the definite proof 
which has now been given of the existence of u normal form in all 
probability supplies the link which has hitherto been lacking 
connecting the two tautomeric individuals in all three-elemental 
systems, and therefore we have at hand an explanation of the 
mechanism by which this change occurs. If this is so it follows : 

(2) That definite three-rarbon tantomeri>ni will he detected of 
the type 

FHR—F-F , ^ FR-F-CM. 
corresponding with the keto-enol change 

( ‘II— Fro , - F-F-OH, 

in which tin* occurrence of the intermediate normal phase is 
masked; and 

(3) That- the keto-enol change itself takes place through an 
intermediate normal phase : 

(H) 

FH-F-0 — ^ C-C-U - F-F— OH. 

Tn the ensuing paper we have now definite proof that proposi- 
tion (2) is true, but as regards proposition (3). we have at present 
no definite experimental evidence that can he recognised as such. 
Still it must be accepted, unless we are to adopt the wholly 
unreasonable view that two exactly similar tyjk's of phenomena, in 
the thrce-earhnn and keto-enol systems. p««»iss totally different 
mechanisms. 
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With this paper it has been thought desirable to start a now 
series, because although the subject now discussed is closely allied 
to the chemistry of the glutaconic acids, it covers a wider field. 

It is our purpose in this series of investigations to examine the 
conditions leading, in the three-carbon or propene series, either to 
stable normal forms of the glutaconic type, or to the production of 
equilibrium mixtures of tautomeric individuals analogous to the 
keto- and enol forms of ethyl acctoacetate. 

Xow it is, we think, evident that the stability of the normal 
form of the glutaconic acids is due to the symmetry of the funda- 
mental glutaconic complex, COoH’C'CfH^O’CtXH, which is so great 
that this form can be isolated even when the alkyl substitution i* 
asymmetrical. Hence wo should not hope to isolate this form of 
an acid containing ft propene system to which only one carboxyl 
group is attached. If, therefore, under suitable conditions, two 
isomeric and a 0 ,- unsaturated monobasic acids arc of comparable 
stability, reversible isomerisation, analogous to the kcto-cnol change, 
may reasonably be expected. 

Actually Fittig has shown (Awwi/en, 1804, 283, 47) that although 
the acids (I) and (II) are distinct individuals, each perfectly stable, 
their sodium salts are interconvertible in aqueous solution. 

(I.) CH 3 *UH ICIH’HvCO.jH (»■) CH 3 *CH S ‘CH:CH-(.UH 

tin.) 

Since a mixture of acids Is obtained <>n acidification of the equili- 
brated solution, reversible isomeric change, that is, tautoim-rkii 
(Kon, Stevenson, and Thorpe, loc. cit .). must occur. 

Xow on this definition of tautonuukm tin* distinction Ur.mn 
rapid and slow intereonversi. ,n of i>nmorid'-s is to bcyegardnl a< 
purely artificial. 'Hie existence may therefore be anticipated of a 
compound, structurally similar to Kit tigs acids. in v.hich the 
tautomeric interchange between the ry and the }y-fniin> i> >'■> 
rapid that an equilibrium is produced actually in solution. -rimin' 
liquid state. Tin* chemistry <'f sueli a coiu|*mud k d.-wriM 111 
this eoiiuminieation. 

Some lime ago, Wallaeh prepared a ketone, by one 

densing ryrfohexanonc with acetone [Aunub ti, 394:. *>< 

compare also Jkr., 1S0«, 29, SIT.:.) and assigned to it the con- 
stitution (Ilf); similar compounds were produced from 
met hylryc/ohexa nones . Later, one of us obtained the sum- 
r f/Hoh f yxe ny lacetolie , and the corresponding ryWopeiiinne- :un k 
h ( *pf arie-com jxmnds by a dilfereiit method (Kon. 
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810), and similar constitutional formula; were adopted for them 
The reasons for assigning these formula! were mainly the normal 
optical behaviour of the ketones (absence of exaltation) their 
inability to form additive products with hydroxylaminc and semi 
carbamde, and the difficulty experienced in reducing the double 
bond by means of hydrogen and palladium. 

Xorris and Thorpe (T., J921, 119, 1199) found, however that 
these compounds readily condense wit h ethyl sodiomalouate formin'- 
derivatives of dihydroresorcinol, a behaviour characteristic of 
^unsaturated ketones ; they therefore suggested that the formula, 
adopted by vvallaeh and by Kon were incorrect and that the ketones 
should lie represented by the general formula ((JH,) >C"CH'COMe 
The very ambiguity in the chemical behaviour of cycfohexenvl- 
acetone and its homologues appeared to be a clue to their true 
nature; the evidence accumulated up to the present shows we 
think, quite conclusively that eydohexenylacetonc (and probab’lv a 
number of other similar compounds) h a tautomeric substance 
reacting in the forms 


(Sy-form, cycfoliex, nytacctone) (ajS . formi c^hc-lylidencaeotone) 

and forming equilibrium mixtures of the two individuals at the 
ordinary temperature. 

fn the first place, an attempt was made to settle the problem bv 
synthesis. The excellent method of Blaise and Mairc N„« Chim 

S ’l n 8 ’ [ T J ’ 15 ’i rK n’ T sis,ing iu the interaction of a zinc 
alkjl halide and an acid chloride. K-Zn-Hal - RXX)C1— P'.fOR 

appeared to be particularly suited to our purpose. The two acids 
hcxeneaectie acid and eyrfohcxylideneacetio acid arc unite 
distinct and readily characterised : special experiments wore made 
to make certain that no isomerisation occurred when they were 
converted into their acid chlorides. It was therefore surprising 

ife S", T aC ': 1 Cb, “ M " ' Mmi the carefully 
[ ( aci ' !> }urv treat(Ml "'ith zine niothvl iodide the vunc 
taonc was produced. It had the same physical profit C 
k same sem^rbazone, and condensed with ethyl malonato to 
, , *\ omS and ikwrpe's dihydroresorcinol (/-»• rit) 

"• «* - W csiiiv 

dil wl ' K !’ il • V1 '- ,d " f »""e than SO per cent, of the 

clear thatThcT t denvatlvo oan hv ub,ai!U ‘d ‘his faction. it is 

of th at lwirt a --Idling atnount 
1 * ot,u ‘ 1 ’ hand, tin* oxidation of the substance 

3 a* 
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by means of ozone does not yield any trace of cyclohexanone, which 
would be expected if the substance reacted in the afhform. r [} 10 
products actually obtained have not yet been fully characterised 
but it appears probable that the greater part consists of a substance 
analogous to that obtained by Harding, Haworth, and J\. r iviu 
(T., 1908, 93, 1949) on oxidising ethyl A^cyc/ohcxencacetatc, and 
formed according to the following scheme : 

X'H 2 *CH 2V XU/CHjw 

CH.< “ > / C-CH.,*COMe ->CH 2 < " “ x CO*CH 2 -CUMe 

‘ x CH 2 --CH^ r " X‘H,-CHO 

It is a viscous oil which is strongly enolic and acidic in nature. 

The evidence of the physical properties, when this is not supported 
by chemical evidence, has to be accepted with caution, and for this 
reason it was thought desirable to compare the properties of ()Ur 
substance with those of related substances of known constitution. 
The ketone (V*) was therefore prepared from the acid (IV) 

(IV.) *(V.) 

It is clear that tins ketone cannot have the alternative afs-unsatur* 
ated structure; its optical pro|K i rties are tpiite normal and com. 
parable with those of ryrfohexenylaretone. It may be noted i n passing 
that whilst ethyl A'-ryc/ohexcneacetatc has a normal molecular 
refract ivity, the isomeric ethyl ryWohexylideneacotate shows con- 
siderable exaltation; we liave repeated Auwers anti .Kllirigers 
observations on this jM»inl anti ran eoniinn them. 

The final proof of the tautomeric nature of n/Wohexenylacctonc 
was obtained when it was discovered that this ketone contained a 
mobile hydrogen atom, Its aleoholie solutions give a faint breavn 
coloration with ferric chloride; when mixed with a solution of 
sodium ethoxide, a deep orange solution is formed, and by the 
action of ethyl iodide on this solution, the ethyl derivative is readily 
obtained, the yield exceeding 3i> per rent. It is elear that the 
reaction takes place in the following way: (M'llyCOMc 

C-CH:C(OXa)Me * < W’H KH( lMc. the ketone rearing in the 

fjy-form. It appears very unlikely that t hr y3-form would Ik.' able 
to undergo this reaction, and the enolis itioii eannot take place at 
the expense of the t< rminal methyl group, because the entering 
alkyl group would then be attached to the terminal earbeit atom- 
This is not the ease, as the new ketone has been synthesised fro® 
a-A^cyc/ohexenylliutyrie arid (VI) and zinc methyl iodide and 
must haVe the formula (VII). 
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CK 2 <g 2 ^f>^HKf€ () 2 H CH 4 <^“f>C-CHEW»Mo 

8 (VI.) ' (VII.) 

TJie ordinary form of the compound, judging by its normal 
optical properties, is the py-form ; nevertheless, the introduction of 
the alkyl group prevents further alkylation, doubtless owing to the 
reluctance of the tautomeric system to part with the last mobile 
hydrogen, atom (compare Kon and Thorpe, T. ( 1922, 121, 1795), 
Neither does this ketone condense with ethyl sodioraalonate ; this 
wc ascribe to the inhibiting action of the a-ethyl group. 

The yield of ethylated ketone derived from the fiy-form of cyclo- 
licxcnyiacetone is, as already stated, more than 30 per cent.; and 
as more than 80 per cent, of dihydroresorcinol derivative, formed 
from the afi-form, can also be obtained, it is evident that some 
conversion of one form into the other must occur in the presence of 
sodium cthoxidc and that the substance is, in fact, tautomeric. 

It is felt that the experimental evidence at our disposal is, as 
yet too incomplete to allow' definite conclusions to be drawn as to 
the causes of tautomerism in the substances dealt with in this paper, 
and for this reason it is proposed to extend the investigation to a 
large number of similarly constituted compounds in the near future. 

Attention might, however, be directed to two factors which 
probably determine the mobility of the throe-carbon system in 
q/cfohexenylacctone. It is possible to picture a competition between 
two opposed forces, one favouring the aS-, the other the fiy-form. 
The first is due to the presence of the carbonyl group, w hich possesses 
a strong tendency to become conjugated with a double linking; 
the great readiness with which *Vunsaturated ketones and acids 
arc produced need scarcely be emphasised. 

On the other hand, the cr/r/ohexauc ring (and also the eyefopentane 
and eyefoheptane rings) possesses a very considerable tendency to 
acquire one or more double bonds. For example, methylenecyefo- 
hexane passes into l-mcthyl-AVvr/ohexenc on being wanned with 
alcoholic sulphuric acid (Wallaeh, Annahn, 1908, 359, 287); 
moreover, Dicckmann showed (Annaleit, 1901, 317. 27) that ethyl 
f^ohcxanonecarboxylate (or its 5- ring analogue) is much more 
enolic than ethyl acetoaeetate. This doubtless accounts for the 
transformation (Beesley, Ingold, and Thorpe, T.. 1915. 107. 1080) 
of cycfchexylidcncacetie acid into AVye/ohexcucaceiic acid through 
the agency of 64 per cent, aqueous potassium hydroxide, and for 
the parallel conversion of ethyl n/r/ohexylideneacct a to into ethyl 
^ -cycfohexeneacet a to which lias now been effected by heating the 
former with moist potassium hydrogen sulphate. The change from 
^the ap-unsaturated to the Sv-unsat ura ted aeid (or ester) appears, 

•t i* •> 
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indeed, to be complete, no equilibrium being readied, in direct 
contrast to the behaviour of Filtig’s acids (sec above). The presence 
of tlie cyclohexane ring will thus favour 1 lie production of q lfI 
Py-form of the ketone. It seems unlikely at first sight that t} ]( , 
latter would be produced to any extent in preference to the 
j ligated a^-form, hut consideration will show that the fly-form c flll 

also be represented as possessing a system of conjugated doul,| (l 

# 

linkings, namely, in its enol form : 0 — CHICMe*OFT. The exist- 
nice of such a form is proved by the fact that the ketone gives ;t 
faint coloration with alcoholic ferric chloride and is readily alkylated 
in the position 

In order that a three-carbon system may become mobile, the two 
opposed forces acting on the double linking must not onlv 1^ 
approximately equal on their relative magnitudes depends the 
position of equilibrium — hut they must he sullieiently great; and 
on this the degree of mobility of a system appears to depend, 
This consideration may account for the static nature of the est» r- 
of Abfyriohexenc- and n/rfohexylidene-acetie acids, for it is vd] 
known that carbrthoxyl is a much less powerful " activating group” 
than carbonyl in causing the mobility of an a-hydrogen atom 
(compare, for instance, aeetylaeetone and ethyl aectoacclate; ^ 
also -l«mm? Report*, 1022, 19, 103). 

The action of reagents on ryr/ohexcnyhua tone is readily under- 
stood, and in this respect the substance is quite analogous to other 

tautomeric substances ; the reagent unites with one form no mattor 

how small the amount originally present- and more of t hat form is 
immediately produced to restore the equilibrium. 

While this investigation was in progress Lap worth and Mr Hat 
published their observations on certain esters obtained hy tliv 
condensation of ethyl eyannaeetate with aldehydes and krtnr .0 
(T.. 1922, 121, 2741). They show that, in general, these M]h>t<u:u 
react like xVunsat united compounds nf the general fnnmila 
lUi'r-rHK’iCXjqq including ethyl a-eyanneyr/ohexylidn:*'- 
acetate (VIII), wliieh was originally prepared by Hauling. Hawv.nlu 
and Perkin {loc. rit.). ’These authors aligned to it the y ; .t::ealii. 
ated strueturr, owing to the fact that an alkyl (nr plirimeyl 1 gr.-uii 
can be readily introduced in the ^-position ; the substitute! 
est< r (IX) must, of course, have tin* [v, -struct are. 


Cll. 


(‘11/(11., . . ,/CX 
cil’-rii? 

•v’in.i 


"(‘ii, (‘if 


(■•OW\vmEt 

\.l 


Lap worth and MeRae 
formed 'from the paren 


ii-'.inne that when (he snrho-dt rivaliU' i* 
i ester a hydrogen atom is pruhaba 
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tt borrowed ” from the y-pusition, the sod in -derivative being derived 
from the Py-form ; this structure is retained when an alkyl group 
replaces the sodium atom, and it is shown that the alkylated sub- 
stance no longer undergoes the condensation reactions characteristic 
of the parent substance. Ethyl a-oyanoheptylidemacetate, a 
straight-chain compound, does not yield a phenacyl derivative and 
alkvJates, apparently, with some difficulty. These facts an*, we 
think, capable of ready interpretation in the light of the views put 
forward in the present communication. 

In the first place, it would appear highly probable that ethyl 
s-cyano-A^n/cfohexeneacetate is a tautomeric substance in the same 
way as ryclohexcnyl acetone, but with the equilibrium greatly on 
the side of the a [3 -form (this does not differ materially from the 
view expressed by Lap worth and McRae, lor., cit p. 274.3). That 
the substance reacts in this form is abundantly proved by Lapworth 
mid McRae's experiments, in addition to which we have been able 
to condense the ester with ethyl eyanoacetate arid ammonia bv 
(iua resell i’s method, obtaining a good yield of the substance 

O-Hjo > CC ^ X H . The exist enct* of t h e a \ - or conjugated 

form in the liquid ester is also proved by a comparison of its optical 
properties with those of its inethyl derivative, in which the £ 7 -form 
alone is possible. 

The existence of the fiy-furm i,- more difficult to prove, but we 
think that the great readiness with which the substance forms a 
fiodio-derivative and undergoes alkylation jaunts quite definitely to 
the existence of such a phase. The production of the ';y- phase is, 
as has been explained, favoured by the presence of the eye/ohexane 
ring, and therefore it is not surprising that ethyl x-cyanohcptylidene- 
acctatc, in which this factor is not present, does not react with 
oj-bromoacetuphenone : tlie tendency to form the doubly conjugated 
system *(. , HiC(CX)d , (UKt)!() here is ,-0 great that the Jby-phase is 
oppressed and the substance is no longer tautomeric (or tautomeric 
wily to a small extent). 

In order further to test the correctness ef this interpretation, we 
lave prepared the x-nicthyl derivative of ethyl s-eyanuf//rto- 
lexylideneacetate and Mibjcehd it to the action of sodium cthoxide. 
fte have found that owing •»> the great temleney to aequire a 
nubile hydrogen atom this compound readily Joes ethyl carbonate, 
lelding a-n/(7ohexenvlf>roj>ioiiitrile (compare Imiold and Thorj>e, 
mi 115, 143). It is only iva> nable to suj>po>e that the 
■v-form of the nitrile is the tir>t o be proilllied. 

\\>CO,Kt — - 
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and that the hydrogen is then free to wander to the most stable 
position; we have not yet examined the nitrile in detail and 
therefore it is proposed to discuss its constitution in a t’urthor 
comm unicat ion . 

Experimental. 

Synthesis of cycAoHexenylacelom (III).— A solution of zinc methyl 
iodide was prepared by heating together 20 ‘S e.c. of methyl iodide, 
10*8 c.c. of ethyl acetate, 25 e.c. of benzene, and 43 grams of zinc- 
copper couple.* a few crystals of iodine being added to start tin* 
reaction ; the addition of tin* iodine can he omitted and the amount 
of zinc-copper couple reduced to 22 grains if the zinc cojipT 
couple residues from a previous operation are available. After 
boiling for one and a half hours under an efficient reflux condenser 
provided with a calcium chloride tube, the mixture was cooled in 
ice, the liquid decanted, and the solid residue washed two or three 
times with dry benzene, the washings being added to the benzene 
solution. 

A benzene solution containing 20 grains of rtydohexylidetieaeitvl 
chloride (prepared by warming 21 grains of carefully purified 
rycfohexylideneacetie acid with 20 e.c. of thionvl chloride for half 
an hour and distilling the mixture under reduced pressure: the 
acid chloride boiled at 123“ 2S mm.) was slowly run into the solution 
of zinc methyl iodide with constant cooling and shaking. The 
mixture was left in the freezing mixture for half an hour, then at 
the ordinary temperature for about an hour, before adding ice and 
ice-cold 10 per cent, sulphuric acid. After thorough shaking, the 
aqueous layer was extracted with ether, and the ether added to tin 1 
benzene solut ion ; this was washed successively with water, rn jneotis 
sodium hydrogen carbonate containing sodium thiosulphate, and 
three times with a saturated aqueous solution of ammonium 
.sulphate, and then filtered, dried, and the ether and benzene distilled 
off, a long fractionating column being used to prevent loss of ketone. 
The residue* was fractionated at atmospheric pressure, Ih- 5 gram 4 
being collected between 200 and 220 : tin* fractions ISn Jin 
and 220 — 2*50 ' weighed collectively about 4 grams and gave an 
abundant precipitate when treated with semicarlwzidr acetate. ^ 
main fraction was redistilled under reduced pressure ami the middle 
fraction obtained was found to |m»sm-ss the following jihysicaJ 
properties : 1 t)*D3711: * 1'4 j 2.>1, whence [ ^/. ju 41 31. in 

very good agreement with values previously found for n/r/ohrNfiid' 

acetone. , 

The whole quantity of ketone was then converted into tlie 

* Thfr m [iivpiuvd by heatin': mob-railnr (pmntit its ni litf’b ^’° um 
rnpfHT oxide and zinc dust in n -.Imim of dry hydrogen at aboiil - t!l! - 
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gemicarbazone, which was precipitated in its „ sua I caseous form 
Haymg been dried, and ground with light petroleum, the sem ' 
carbazone was tnturated with dry ether (compare Wallaeh he c m' 
and the residue crystallised from methyl alcohol. The purification 
of the semiearbazone is an extremely tedious operation owing to 
t e presence apparently m small quantity, of a second substance 
o very similar properties, from which it can only be separated 
after a considcrab e number of crystallisations : this also applies 
to ryrfohexenylacetonesemicarbazone obtained bv other methods 

When pure the semiearbazone melted at 14.5 a n(i „- as in ~ 
way identical with a sample prepared by Wallaeh is method ' 
We have succeeded in isolating a small amount of a second 
suhstanee (see above) the presence of which appear* to cause the 
difficulty experienced u. purifying the semiear!, azone. This sub- 
stance proved to lx> an isomeric ,-<micrirl, ays, i< , which ervstalliswl 
from benzene in small, lustrous plates melting at 199 ‘(Kounth 
= «H9; H - Ml. (' 10 H, 7 OX 3 require* C «,. 51 
percent ) ; The quantity obtained up to the present i* not sufficienl 
to estabbsh its constitution, but ii may possible be the semi, 
carbazone of cyc/olicxylideiiearetone. 1 1 differs from tin- substance 
me thigat 145; by thefae. that it does no, lose itslustreon^ 

few dav, lat “' r l H, "dery and opaque after a 

The soluble substance extracted by e,l,er which Wallaeh found 
to me t at 13/ appears to he a mixture „f tile new substance 
m. p. 109 . with the ordinary form melting at 14.5 . as on repeated 
crystal hsatio.i tin- melting point gradually rises to 14.5 ami the 
product is found to he identical w ith the ordinary form. m. p. 14 . 5 - 
. P^Paration of o/rMicxcmlacrtimc was aln. carried out 
using it-cprfohexeneaeetie avid as starring material. Th, ei ^ 
Of thus acid boiled at 109 29 mm., and gave „„ treatment with 
me methyl iodide a somewhat smaller yield of ryrMcxenvIaeetone 

acetone *1 V ^ "* wi '*> 'V^hexenvl- 

meSo nw T •; ,lu ; U,n,milin ,,f sciiiienrbazo'ne 
1 . ° 0 an< ^ a ^° *0 ready condensation with ethvl 

ll<x 0 cin°T te Ului(T the n>n<litions l.y Morris and Thorpe 

this was foundT i K * tKin ' A **'*'”* «*** Stained: 

ta'irii'r ' " 

hcxvl,d,',!e e r', n , . <,f ,' lu ‘ ,io,,hl " , h *‘ "''‘lined when ryrfo- 
the "respective 'acid if <, l"‘X<' , naeeth acids were converted into 
reconverted';. t * 1 ' ™^' *«» I 1 "" ion, of these chlorides were- 

Ito the acids by means of dilute aqueoi/V sodium 
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carbonate. The acids precipitated on acidifying the alkaline lie u ; ( } 
showed a correct melting point and solidified at once. The two 
ethyl esters were also prepared by treating the acid chlorides with 
ethyl alcohol. Ethyl cyctohexylideneacetate had b. p. 1 1()°/12 nm, 
r/J 95 ' 0*98500, ?d L ? & ' 1*47849, whence [Rl] d 48*36; and ethyl 
A 1 -cycfohexeneacetate had b. p. 104°/18 mm., d} 95 0*9813$ 
«}, 95 1*46410, whence 47*28 (compare Auwcrs and EJJincr er * 
Annalen, 1912, 387, 200). 

Transformation of Ethyl eye \oUixyl idt neacetat e into Ethyl Ahcvclo. 
Hfjreneacetate . — Thirty grams of ethyl cyc/ohexylideneaeotate (h j, 

1 20*735 mm.; [Rl\d 48*67), 60 grams of potassium hydrogen 
sulphate, and 2 grams of water were heated for three hours at lfio : 
under retlux ; after addition of more water, the esters were isolated 
by distillation in a current of steam, and extracted from the distillate 
with ether. The ethereal solution was dried and the solvent removed 
with the aid of a column; the residue was then distilled under 
reduced pressure, when the whole passed over at 110- 120 J /18 mm. 
The molecular refraction of the distillate was determined : \R L ] lt ~ 
48*03, indicating a conversion to the extent of about 50 per cent. 

Ethylation of eyclo// nylaceto n c . — cyclo Hexe ny 1 a ce t o ne (];^ 
grains) was added to a cooled solution containing 2*3 grams uf 
sodium in 30 c.e. of ethyl alcohol. To the orange-red solution an 
excess of ethyl iodide was added and the whole heated under reflux 
for about three hours, when it was found to be nearly neutral. 
The ketone was isolated by adding water and extracting with 
ether; after drying, the ethereal solution was evaporated and the 
ketone fractionated, the portion boiling above 180' being treated 
with somicarbazide in the usual way. The semicarbazonc formed 
separated in crops, the first crop being crystalline and reprinting 
a yield of about 30 per cent, of a new compound, which crystallised 
well from ethyl alcohol in line, sparkling plates melting at 185”; 
the subsequent crops contained mainly the semicarbazmie uf cyclo- 
hexe nvlacet one and only very little of the new compound. It must 
be mentioned that methyl alcohol (bu s not effect a good separation. 

The substance melting at 185" Is the <i mica r Lazo n> of z-ethyl- 
A l '( 7 /c/ohexenylacrtoiie { \ I J ) {Found: C - 64*31 : H ~ 0 \jS. 
(y»H.,jOX 3 requires C 64*43; H 9 40 per cent.). The bttM. 
regenerated from it in the Usual manner by means uf oxalic add. 
showed the following projnrtirs : b. p. 221 763 mm. ( t liriiiuuneter 

in the vapour up to Mur). <t'f A 69] sf. m* >4 1*46926; ■whence 
\I{ L ]» 50*42 {eale„ .50*34) {Found: 79*12, H l"’^ 

C u H, s O r< i|iiin s V 7!N7; H 1<HW [kt .rut.). Tin- odour of 

* die kft- ini' is rcmini>rrnt of 1 h it of rvr/olii*x,*nyimTti»ni‘ :llK ^ 
cedar wood oil. 
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Synthesis of a-Eth’jl-b'-cyclokexenylacetone.—Thc synthesL- ft tl 
ketone was carried out, using a-cthyleycfohexeneacetic acid »,!j' 
according to the method of Wallach (Annalen, 1908 360 44) 

th ° St t in o g “ atm ' aL The add ch,ori,Je Stained was found to 
boil at 1-0 /-8 mm. ; 41 grains of this substance were treated with 
an excess of zinc methyl iodide as described on p. 1370 and •>•> J 
of aiiguid boiling between 210 and 2*r were obtain^ in adfuUon 
to small fractions of high and of low b. p. All these fractions were 
treated w, <h seiniearbaz.de acetate, and 18 grams of sc-miearbazone 
collected. After one crystallisation from alcohol, the semiearb izon,. 
melted at ISo' and did not depress the melting point of the substance 
obtained from the ethylation of cyrfohexenylacetone 
The ketone regenerated from it boiler/ at 221 and had ,/i.o 
091976, *• 14700O, whence ^ 00-40; its identity wi hlhe 
ketone produced by the direct ethylation of ryefohexe.ivlacetone is 
therefore established, v 

Synthesis of ^■Oirntthyl-SUcydohexf-nykeetone (V) -This was 
carried out precisely as in the ease of the isomeric chvl cron pound 
tbe starring ma'erial being A^yefohexenyhsobutyrie acid (Wallach,’ 

Tbe ketone was obtained in the form of its semicarbazone. which 
forms tufts of long, silky needles melting at loO-loJ- after 
ciy-stallisation from rlih.tr- methyl alcohol. The htorn ladled at 

i'S- j“ s’ m",?: 1 ;.' in ! k ‘ “I- >0 SO ) and had 

% ™’ , !*i]t> .70-M (calc.. .30-34) 



The ketone is a colourless ,.i! with a strr.ng camphoracmts 
erlom-, somewhat reminiscent „f that ..f the cthvl isomcirlr- 
■WnmtnU on h.thyl *.< >i«oeyclo/„ J -y/,f,«„,c,/„f. ami it, .1 Utb,] 

, toc.-lhe ester was prepared by the method of Hardi.m 
!!r h ’ 0,1,1 ,V ' k " ^ «>.). -ing piperidine as a rot,. lib* 

roduwd !!!", <,f n"' ‘■ s, 1 °f-,P nrifird by two distillations under 
mm.), nave <(\*» Hi.hfc4. 

T) ! ’ 1C11Ce tIu ‘ valeulated value bt-in^ :>t ■;><>. 

■urf ^ ^ ? n,,ns ) "‘as treated with ethyl oyam>aeelate 

’ortwlvoV aH( ( ‘r d V, - ak * 0,M,Iit ' ainnu ' nia (>aturatfil at <r. 7,“) e.c.) 

isoal „. ’"p 1 '"' , u> l ,r<M, "<-' solidified and on working up in the 

iif"; 119 m 1-7 Of the ui-imitie 

dentitv of tl t° '* '•'■ant'-l : l-rlmeetn- acid were obtained, the 
(ertuino sjK.ehmm ! a * ahM * i , *- v *™>I«rison with a 

bihyl e \-rt in >- a- mctJ.y 1- A i -r- r/rAotn- xe-noat'et ;«,«» (p. 1308) ,*as pre- 
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pared by the method of Harding, Haworth, and Perkin, tho 
inethylation being repeated to ensure that none of the jiarent 
material remained unchanged. The ester boiled very constantly at 
133° /9 mm. and had djoo 1-04776, rift* 1*47819; whence \}n 
55-98 (calc., 56-21). 

From a comparison of the molecular refractivity of the methyl 
compound with that of the parent substance it is clear that tho 
latter must possess a system of conjugated double bonds which 
causes the very considerable exaltation observed. 

Action of Sodium Etkoxidc on Ethyl ^X , ya)w-l l -cy v\ohe.(-(/i(prop m . 
ate . — The ester (15 grains) was mixed with a solution of sodium (2-3 
grains) in ethyl alcohol (30c.c.) and kept at 35’ J for four hours. Water 
was then atlded and tin* precipitated oil. which had the odour of 
ethyl carbonate, was isolated with el her. A portion boiled below 
SO D /30 mm., and at 126 765 mm. on redistillation, and had the 
usual properties of ethyl carbonate. The remainder boiled at 
I20 5 /30 mm. and consisted of pure AhcyrMiexenepropitwitnT 
(Found: X— 10*01). (/ale., X - 1035 per cent.). No fraction of 

higher b. p. was obtained, showing that the elimination of tho 
carbethoxvl group had been quantitative. 

In conclusion, our thanks are due to Professor *1 K Tlmrpe. 
for his kind interest in the progress of this investigation. 

iMHatru. Coi.lf.m-: of Sfifncf ano TFi HNOFoOV, 

Softh Kfnsim;t*>n. lit v*- o'*- >{. March 1 \;i- t pi;!;}/ 


CL X. Binary Critical Solution Tempt rntun ■< a* 

( ritrria of the Purity of Arctic Acid. 

By David Chxki.ks Junks. 

Crismf.k {B nil. Sue. chon. lUh/., IS! 15, 9. 145: IN96. 10. Ml: M 
18, 1 . 1906, 20, 294) first demonstrated, in the well-known <a>tem 
ethyl alcohol jK-troleum, the extreme sensitiveness of a king}' 
critical solution temperature to certain impurities. Tims the 
presence of I per cent, of water in the alcohol raised the critical 
solution teinjH-rature by 17 . Since that time, a considerable 
number of such systems have been investigated (Timmerman 4 - l 
pkysikal. t'htm.. 1907, 58, 129), but apart from invcstigatieD? 
actually dealing with those phenomena, their use as criteria of 
purity has been very largely neglected i vidi , however. I Irtoii and 
dunes, T„ 1919, 115. 1056 ; Tizard and Marshall. J. N«\ Choi'. M 
1921, 40, 20t). The number of such systems available for 



A55 CRITERIA OP THE PURITV OF ACETIC ACID 1375 

purpose is limited. A study of the solubility of oreanie i;,, •, 
reveals how comparatively rare a critical soluLi must be afS 
ordinary temperature and pressure. J n the fatly acid ■ 
formic acid gives with benzene a binary critical soluti,,,, c SeneS ’ 
a, me at (Ewins, T„ 1914, 105, 350,. On the other hand 
anhydrous formic acid is completely miscible with nhenetolc Twa 
the other ethers of this series which are similar to htnv 
liilitv relations. One of the higher 
material we know with which formic acid mav f„ rm 
»«'» «, th, unlinarj' ' . “ J 

. 1 .., • -JrJZJS* 

ferns a critical solution with o-tolvl mcthvl ether at about W-’ 
The same acid, whilst being completely miscible with phenvl n but vi 
ether, forms a critical solution above its boilimr i» int ",i 1 ' 

tcbutyl ether. Propionic add has no known ^olubilitv'rolaS 

2K*2 .! \ 

being -3-7' (Rothmund, Z. phymkal Cbm ]t H i.s 63 * C _ !nrK lature 

The fact that the great majority of organic Quids' r( . either 
completely lmsetble, or so immiscible a s to render th . • 

of critical solution temperatures impracticable, suggest the 

312 ^ 

rrrs ir “tr* -*■ 

additions to the ordinary critcrii f * U '! to K ' a ^ ua ^° 

mtrohenzene ( J'iiniiiennans. loc at)- ,-;i i 

(Ewins lor f ;n- „ . , ■ acid and benzene 

2 « t'S: 

^.hefomun,, 

tract ion (b. p'^s.V-lby}' 'uiil'tl " f ‘ Uv,lr acid and a petroleum 

nitres : : r‘ " lat forms metastabT 

niscilalitv ohHr'cw tl,r l 5arti «' 

"'P-ty in " S ° a<i,iVt ' « •" 

|,,g 1 tV|,r, ' S "" ,S ,h< ' - lut "'i',v curves oh.aincl in ,» binary ' 



''cmpcrature. of complete miscibility. 
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systems acetic acid-petroleum, carbon disulphide-acetic acid, and 
cye/ohcxane-acetic acid, by plotting concentration against temper 
at ure. The curves have the normal round-topped form, the same 
temperature of solution being obtained in the neighbourhood of 
the critical point although the composition may vary by several 
units per cent. In the petroleum-acetic acid system, the curve 

Fig. 1. 


Solubility curves of binary liquid mixtures. 



100 75 50 25 0 


l\r ant. if antic arid by miyht. 

A, _!»'</> '/i, ; l~p>!rjb >ai\ ; !>, fraziny -point cur it of arctic «?i: 

C,/r< > zinq-js/int curie, of an tic , md-cyi \ohi\i >inc, upyro.r. ind, cat* •{ : JJ./ro/wj- 
point curve of an. tic urb^n disulphide, appror, indicat'd’, 10 , tin he 

acid -carbon disulphide ; F, a - tic m id -vyilohuam . 

is cut at 14 ’ by the solidification curve when there is It per o ut. of 
petroleum in the lower layer and 24 per cent, of acetic acid in the 
upper layer. These ligun-s of fiiiiM 1 represent the solubility of 
acetic acid in petroleum, and of petroleum in acetic acid at this 
temperature. As has been already noted, in the other two eases 
the Milidilieatimi eurve lies well above the partial miscibility mine. 
Thus, m tin- ease of cyr/ohexane with a critical solution temper- 
ature at *4 *2 . the melting jMiint. with these same critical projHirtwn." 
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present, is 11 , and in I ho ease of carbon disulphide with ,, 

critical proportions, the saturation point is li-0' and h , ' y 
point 7-8°. nml thu m,, lting 

The acid used in the invrsti"ation of ,l„. .... . 
petroleum melted at 1CT>°. Jn the other two eases a< * 1,c ac " 1 ' 
o( purified acid, melting at lti'-T, was mlLstil ltd i’„' thedo! 
glass apparatus^ mentioned later, and the large fraction oi, aim 1 

mcl, ! I n * !lt “L" 8 .* Wi V swl 111 determining the temperature f 

miscibility. Ihe impurity was prohablv wafer the,,,,, !•* 

in the acid inciting at 10-38' being less* than 0 «o ^d”* 

the acid inciting at 1C-.)" less than 0-1 jM-reent ,an m 

hie irSi^lfrlfeSw Iff and ** 
They afford very clearillus, rations of that type of ii^hHvlIem 
m which no stable miscibility curves exbt oivin.r f, ,i • • , ‘ U 

the melting-point curves, that is, both carbon dhul ^S"^ 
hexane are ordmanly spoke,, „f »s eompletelv miJible , vltll .^, 
acid. The results given here show that the partial liquid solu , fi v 
curros he hidden just underneath the melting.,, ( .J ve > 

Heterogene (deiehgewicht, If, 2, p. Iff!,,. Indoubtediv if a serf 
of curves was obtained from mixtures of carbon disulphide t Jo 
hexane, and the lower jietroleums (hexaiici m, ,, ,i ’ ? 
fraction used in this paper, with anhvdro„> ii. acid on, T, 0 '?! 
obtain results showing the gradual shiftitm of the partial |i° m 
miscibility curves from the metastahle ngh.n h,. low the mehC 
pom curve into the stable region above this curve. The “ 
jxnnt cune also rises as greater insohibilitv occurs ], ln i'r 
course, to a much slighter extent. “ ’ 1 - ,f 

As is more fully described in the ULmm- 
Water is to decrease markedly the mutual soiul^v^Hate 

trr.^ h "“i« t«~«t ». X ““ 

he system t„lu , a " , ’- v,ln,UK «*•*< from the behaviour,-; 

Ut} °f toluene m avetiv a, -id wi,h. say, that ,11 eyefo- 
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hexane in acetic acid, which latter system requires only a few tenths 
of l per cent, of water to give partial miscibility relations, vet 
certainly a prediction from this last fact that the miscibility curve 
of ryeZohexane-acetic acid should lie slightly below the melting, 
point curve is confirmed by the presence of the metastable curve 
('* Das Heterogene Oleichgewioht,” II, 2, p. 134). 


E X P K K 1 M E N TAL. 


The ordinary synthetic method of determining points on tj u . 
solubility curves was used, that is, mixtures were made up |,y 
weight, and the temperature of disappearance of the two luvers 
was noted. It being very essential to avoid access of moisture 
the materials were introduced into a 


Fw. ± 



band. This was the type 
paper for the determinat inn 


small glass tube, closed except for a 
narrow side arm of very thin g] ass> 
attached near the top of the tube at 
an angle of about 30\ through which 
a tiny pipette containing the liquids 
could be introduced. In the ease of 
the petroleum-acetic acid mixtures 
with their higher miscibility tempera- 
tures, the side arm was sealed utT, but 
in the other systems it was found very 
convenient to close tin* side arm by 
means of ground-in double stoppers of 
the type i^ed in ordinary etlier bottles 
(Fig. 2). rile thermometers, of the 
Anschutz, type, standardised by the 
Bureau of Standards, were attached 
externally to the tube by a rubber 
nf apparatus also used in the following 
of ternary critical solution tempenuureo 


/ rifi^il Pin noun mi. 

It is remarkable lh.it w ills petroleum acetic acid the ordinal) 
phenomena observed in such eases are almost entirely absent. 
Some degrees below lie- critical .-obit inn temperature, tin- 
of separation between the two layers requires attentive nb>fT\ati<>n 
to be seen at all, owing, presumably, to the very slight difleiencc 
of nfr-; r iive index. At temperatures below, but in the immediate 
neighbourhood of, the eritieal solution temjM'ruture, t he stufan o 
.eparatkn is extremely dillieult to detect. In this region a ^ 
very raflid separation of the layers oeeurs after shaking, dut,^ 
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supposed, to the wide difference of density of the two components 
so that the fairly stable emulsion usually formed in this region is 
absent, and when temporarily produced by vigorous shaking it is 
non-opalcsccnt owing to the slight difference of refractive index 
Immediately above the critical solution temperature there is 
observed just the merest trace of the usual critical opalescence 
The similarity of refractive index of the components would 
accountfor this (vide. Smoluehowski, Ann. Phmil: ]<jog 25 orr 
Einstein, ibid., 1010, 33, 1275). ” ’ 

In the case of ei/ch hexane and acetic acid, the phenomena are 
more pronounced although still very slight, but in the carbon 
disulphide-acetic acid system very marked and beautiful phenomena 
are displayed, permanent emulsions which are strongly opalescent 
being formed below and near the critical solution' temperature 
corresponding, apparently, to the greater difference of refractive 
index and similarity in density between the phases in this system • 
the critical opalescence above the critical solution temperature 
is very intense. 

Pn pu ration of Material*. 


The acetic acid was originally a specimen of high purity having 
P- ,,Kl °- r - ;ir l-'c quantitie s were fractionated through a 6-column 
Young evaporator still-head in an albglass apparatus and there 
were obtained finally about 1 ..TOO e.e. of material, m p 16-45’ 
On distillation of this material through the same apparatus, large 
middle and tinal fractions were obtained melting at 16-5S’ th„ 
fraction of about 20t> e.e having p. 16o . and containing most 
of the water present as impurity. 

To obtain the jx-troleum, purified kerosene fractionated 
through a 4-bulb still-head and the portion boiling from ISO— 200’ 
was collected. This was shaken with !I5 per cent, sulphuric acid 

(\vmchremovcstheolefme.s.('olmanand Yeoman ./ Sot chon Inti 

1919, 38, 57,: Thole, m. **,. until a f«sb Wk« arid 
remained uneolourod. The hydrocarbon was th,-n heated under 
ictlux for several days with a mixture of nitric and sulphuric acids 
o remove the aromatic compounds. After further prolommd 
lutmcnt with sulphuric acid, it was finally shaken with silica gel. 
' 1 f‘, C1 '' < ' llV '‘ l - v r A"i" v <-l anv acid left in suspension or solution 

boiint is- 1 ' 1 IX ' ,, ' ok ' ,n "- 1,1 ">«' «nal distillation, a fraction 

fe at live 111,,- was obtained : this »;e ihe petroleum used. 

blowing pit ’" ° f th “ ,UsUll ' h,,k ' is » »«• 

JLT hna ' U ' ' Vi,s l ,r 'T ,ar, ' <f synthetically from benzene and 
c-rv f n- 7 r< ' !K,!ltl ‘ < * s, d|>bcmation. followeil tinallv by fractional 
rrjstalhsation. The material use, I melted at IN . ' ' 



1380 JONES : BINARY CRITICAL SOLUTION TEMPERATURES 


Effect of Water Present in the Acetic Acid. 

Pipettes of the kind previously described (Orton and Jones, T., 
1919, 115, 10(H) were graduated to deliver the critical proportion^ 
of acetic acid and the other component, petroleum, carbon disul. 
phide, or rycJohexane. The acetic acid pipette had a. capacity of 
0*5824 e.c., and the pipettes used for the other component a capacity 
of 0*4959 c.c. in the ease of carbon disulphide, and 0 '048:1 e.c. in 
the eases of n/Wohexane and petroleum. Acetic acid of various 
strengths was made up by diluting -50 c.c. of the pure acid with 
distilled water. The melting point of the acid was taken with a 
Beckmann thermometer, standardis'd by means of an accurate 
Anschutz thermometer. 

Tlie mixture was warmed to 2U u ami the critical solution temper- 
atures were taken immediately. 1 lie Beckmann thermometer 
remained in the liquid. The pipettes for the introduction of water 
or for the removal of acetic acid for estimation, were* inserted 
through a tiny tube sealed in the ground-glass stopper. Every 
precaution had to be taken to avoid the incursion of moisture. 
The same experimental tidies were used as before described, and 
these had to be carefully dried, and were always kept ready for 
use over sulphuric acid in a desiccator. 

Tig. 3, curve .4, shows the rather remarkable character uf the 
results obtained. The presence of water in the acetic acid raises 
the critical solution tenqxTature almost linearly. In the petrol- 
eum-acetic acid system, the curve seems to be quite linear between 
the points corresponding to acids of m. p.'s 10*t and 14*11. In 
this region, a dilTcrenec of 1 in the melting point correspond' 
to a difference of Id in the critical solution temperature. In 
the ease of an acid melting at U»*4 Id* 5 . a slight hrin 
in the curve is evident, and here a dilferen«-e ot 1 in lift 
melting point rorrojionds to a difference of Ho in t lit* critical 
solution temperature. Tims for the main portion of ihc curre 
the presence of 1 per cent, of water in the a«rtic acid 
raises the eritieal .'olutioti temperature by ahoin \\itli this 
petroleum, it is clear that the curve cannot remain linear ter am 
eon.-iderable percentage of water, since, if this were I lie I[ iki 
biliiy tern |>e rature of water and petroleum when water has mm- 
pletely replaced the acetic acid would be impo>sibly hign. 

It is ob\ioiis that trace> of water eouid be measured in lhi> u, 0 ; 
since the teni|MTature ran be easily read t" an accuracy 
Owing, however, to the ditlirully of keeping out slight lI,1(U <• 
water, and to the fact that the accuracy of the pipettes is li |llllt > 
a eritiefil solution temperature of this t y |«* can be relied cu ui • 
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to 0*05°. The large effects observed are, of course, due lo the 
great difference of solubility of water in acetic acid and in petroleum 
affording certainly the most striking instance yet discovered of the 
extreme sensitiveness of critical solution temperatures to certain 
impurities. 

Fig. 3. 

Effect of water on the critical solution temperature. 



1 limvcwr. that it w.uiM hr wry difficult to duplicate 

tlu ‘_l*’tnilrum fraction, and that the use of a liquid of 
^ purity would have been preferable in this work, and of 
- deiinitelv an independent erilerion of 

■ 1(1 is described in the following paper had 

t ut hen the acetic acid rontaiurd f Ni per edit, of water, 
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that is, melted at 15*3°, cyclohexane and carbon disulphide gave 
critical solution temperatures at 15° and 12‘4°, respectively. Oon^ 
sidering the immense effect of water on the critical solution tein- 
peralure of the acetic acid-petroleum binary mixture, and the 
position of the melting-point curves of the former systems, it 
thought very improbable that anhydrous acetic acid would give 
partial miscibility relations with these materials. It was found 
however, that in both cases marked supercooling could occur 
quite considerable regions separating the stable and metastable 
melting-point curves, which made it possible in both cases to realise 
the metastable partial miscibility curves. The binary curves with 
an acetic acid melting at 10*.)8° have already been given. 

In Fig. 3, curves H (ryc/ohexaiie) and C (carbon disulphide) 
illustrate the effect of water in the acid on the value of the critical 
solution temperature. In both cases, as would be expected, the 
effects are considerably less than in the ease of petroleum, being 
slightly greater in the case of n/<7ohexane. From Fig. 3, it appears 
that the proportions used in the carbon disulphide- acetic acid 
system were not quite critical, containing too little of the former. 
This may account for the low values obtained in this ease. 

In the linear portions of the curves for n/c/ohexane and carbon 
disulphide, a difference of 1' in the melting point of the acid corre- 
sponds to a difference of S 4 and (i U , respectively, in the critical 
solution temperature. The deviation of the curves from linearity 
is probably due to the more rapidly decreasing sensitiveness of the 
melting point to the presence of water in the acid (rid> Faucon's 
results, loc. cit .. for the lowering of the melting point of acetic acid 
bv water), if the change of sensitiveness were the same for the 
melting point as for the critical solution temperature, the above 
curves would he sensibly linear. This probably accounts for the 
linear character of curve J, the critical solution temperatures in 
the petroleum acetic acid system decreasing in sensitiveness more 
rapidly than in the other two systems, with increasing water content. 

In general, the critical solution temperatures of concentrated 
acetic acid and carbon disulphide nr ryWohexane provide \en 
sensitive independent methods f<»r the estimation of the water 
content. The case of puritication of carbon disulphide and cydo- 
hexane should make the method generally useful in this connexion. 

On the other hand, the critical solution temperatures obtained 
with a petroleum of about the boiling point given, puritinlfioni 
unsaturated and aromatic hydrocarbons, arc about twice as>cii>itm 
to traces of water; and once a given petroleum has been standardly 
against an acetic acid the water content of which lias been dtt*r 
mined accurately either by means of the oth< r two critical 
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temperatures already obtained, or by an accurate determination 
0 f the melting point, it would provide an extraordinarily delicate 
method of estimating changes in the concentration of water in 
acetic acid. 

Results (vide Fig. 1). 

Ret role am acetic acid. 



Miscibility - 


Miscibility 

o-. Arctic acid. 

t<'iiip. 

, .Vi-fW ar id. 

temp, 

24-54 

22-00 

.70 (Ml 

.70-17* 

26-02 

30 20 

0.7 -.77 

.70-50 * 

41-OH 

47-20 

7 3 -.70 

48-00 

.72-72 

40-S5 

S2.71 

30-00 

:»(i-!ii 

50 1 5 

SS-.71 

25-0 


eye loll exa rtr - an t ic ar id . 



Miscibility 


Miscibility 

° 0 Arctic acid. 

temp. c 

, Acetic ar id. 

tr mp. 

34-5 

10 

07-03 

2S V 

42-3 

3-2 

70 0 

— 2« 

54-6 

4-2* 




Carbon di>ul ph id* 

-aettte acid . 



Miscibility 


Miscibility 

Cj Arctic a i-id. 

trnip. ", 

, Vcti<- arid. 

temp. 

i<h; 

n-5 ’ 

24 0 

2-0' 

42-7 

3-0* 

40 3 

3 0 

56-1 

2-o 

i.o 1 

— .7 2 


I 'rilical piupmt ii 


Rt*ult* (n</< Fig. 3 ). 

l\fj> d of leaf i r on the pttroUum act tic and hi nan/ mix! ten (Curve d). 

The acetic acid (!W'!e\,) nieltcii at 1 ► . 

M. p. of M. i». of 

acetic ae id. iii-t-ti** arid, C.S.T, 

iti-.r 501.7 i,yoo ; 

1 Mi) 72 4 1744 t>!>-5 

54-5 14 0 ill 

15'98 .Mil 5 lii-40 oil! 


Effecf of iruter on the cyclop xanc-aa tic acid binary mixture (Curve B). 


M. p. nf 
acetic m-id. 
it> 

15-75 

15-12 


The acid (Wb!»4'\,) melted at lb. 7* 
M. p. of 

Ui-i-tlr ili ld. 

4-T.v nr. 

il l 1;: ns 

100 lO-.'tS 
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Effect of water on the carbon disulphide-acetic acid binary 
mixture (Curve ('). 


The 

ac id (1)9 1)4 ( 

‘ 0 ) melted at 1(>AS J . 


M. p. of 


M. p. of 


acetic acid. 

C.S.T. 

acetic acid. 

(’A.?, 

l tir> 

4-4° 

u-.v 

LSI)'- 

1 .'»•.» 7 

n-4 

i tins 

211-U2 



Iti-Ojj 

:}•!) 

J. Hopkins Vnivkksity. 
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CL XL — Ternary Critical Solution Temperatures qs 
Criteria of Liquid Purity . 

Hy David Charles Jones. 

The critical solution temperatures observed in the three component 
systems toluene -acetie acid water and /i-hutyl ulcohnl-hvdrogfn 
chloride-water were investigated hy Orton and Jones (T.. lli^ 
115, lOoo, 1194) as criteria of the purity of toluene and «-butvl 
alcohol. It had been thought previously that owing to the necessity 
for the exact adjustment of the concentration of the three com- 
ponents of the system, ternary critical solution temiKTatures would 
not be available as exact criteria of purity. Although theoretically 
both in the case of binary and ternary systems, the concent ratinns 
must he defined in order to obtain an invariant point at constant 
pressure, it is found experimentally that the binary solubility curvy 
is Hat-topped, and therefore the temperature of miscibility is the 
-aim* through a considerable range of concentration of the cum- 
poiients in the neighbourhood of the critical solution temperature. 
On the other hand, ternary critical curves in this same region 
sometimes pa>s through very considerable ranges of temperature 
for slight changes of roneentralion, the eventuality depending 
wholly on the nature of the components, just as, in a binary system, 
an impurity (third component) may or may not produce a large 
ell’ect on the critical solution tempi -ratlin*. 

The u>e of accurate pi[M-ttrs, one for the solution, and another 
for the liquid the purity of which is to 1 m* tested, overcomes this 
difficulty even in th»* case of very sensitive critical solution temper- 
atures, and su'di pipettes should he Used even for the determination 
of binary critical solution temperatures, because the system i> 
really ternary if an impurity is present. 

Tn other ns|M-et>, ternary critical solution tenijjcraturrs 1 |JAC 
the same advantages as binary, The critical solution plieimnu'iw 
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um 


,,,,1,, general very beautiful and distinct, thus making ,| le point 
of final disappearance of the striations very easy to detect Tl 
»holc determination is easily and rapidly made, and two advarT 
ta f are secured ; by suitably selecting two of the component 
and adjusting their concentrations, it is possible (1) apply the 
method to a very large number of organic liquids, (2) to bring the 


I*J<;. 1. 



urc range at 


usability point witliiu anv coin, r,i. m 
inio.'xjiheric pressure. 

" i,h «•>% pn 'pun ions ,.f « it «er is used 

iritv of a whole -il'i'r "V ‘ •'"'"i""’"- '‘"' I " f "'ese the 

ler,' Hie hilher ' ? "f " m "T l,,|U " ,s U '-" '< A- Mill he slum n 

a mined are solid, ' , ’ , '-' a ' lil - «"»lK>imd* 

><1 i JSgtS 3* 7 ■ a, "‘ "" '■ ,linl - v "«* •" 

'»■, ternary critic, i a,v ,u "" ar .v to obtain the, 

v tKal solut,on temperatures. The meiliod cart thus 
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be used for all stable organic liquids except in the few cases where 
they are miscible with both acetic acid and water. In order to Use 
this purity test, it is only necessary to establish first the approximate 
strength of the acetic acid, and secondly the proportion of solution 
to material the purity of which is to be tested, in order to obtain 
the miscibility point in the critical region. Having determined 
this, it is necessary to construct the accurate pipettes before 
mentioned, and thus to fix always the concentration in the system. 

It is an important practical fact that in the series of organic 
liquids examined, the acetic acid solutions varying from 84 per cent, 
to the anhydrous acid, the critical proportions by volume vary 
only slightly in the direction of a smaller proportion of acid, so that 
the same pipettes can he used for c^tohcxune and 90 per cent, 
acetic acid as for nitrobenzene and 84 per cent, acetic acid. If 
these proportions are adhered to, one gets throughout this range 
beautiful and clear critical phenomena. 

In Fig. 1, the melting point of the acetic acid (for correspnndiijg 
concentrations vide Faueon, A n n. ('him. /Vqyv., 1910, [ viii], 19, 
84) is given which, if used as solution, will give a clear critical 
sulution temperature at about -O' with the organic material found 
at the corresponding ordinate, provided the solution and material 
arc used in the proportion 0*5824 e.c. of acetic acid solution to 
0*4959 e.c. of organic liquid. This applies, not only to the simple 
compounds indicated as ordinates, but also to a considerable 
number of their substituted derivatives. When these proportion* 
are varied considerably the miscibility punts are still in the critical 
region, and therefore give a clearly defined point, but of course at 
different temperatures. 


Solubility filiation* in the Sy.siims Aft.hr . [n<{ -ey (do //<//!»(. A&k 
Acifl -Xilrobmzrru, ami Aotir Arid p-Xitrotoho ni. 

CJ/efoHexane, a> has already Inch stated (preceding paper}, 
has a binary nictastahlr critical solution temperature at 4-'- 
Fig. 2 shows graphically the solubility curves obtained when the 
acetic acid contains small quantities of water. .1 is the binan 
solubility curve with pure acid melting at lfi oS . B is the>olubilit} 
curve obtained with an acid melting at 10-8 . ( is the solubility 

curve obtained with an acid melting at 14 8 . Hu* melting point* 
16 28° and 14*8 indicate the presence of 0*28 per cent, and 1-F [ 
cent, of water, resjHvtivclv. The miscibility temperature? ' ure 
obtained synthetically as before. , 

These curves bring out very elearly the remarkable effect ott 
presence of less than 1 per rent . of water oil the form «>f t !h >A\\ ) ^ 
curve*. The points marked A n a nd A ( on the curu? A aU 
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still t he critical pointsf or this system, giving clear critical phenomena, 
but owing to the water distributing itself so predominantly in the 
acid phase, strongly marked maximal points appear on the curves. 


Fic. 2. 

Solubility Curves. 
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ternary systems (with a large proportion of all three constituents), 
and a ternary system where one component is present in small 
quantity as an impurity. Thus in the “ binary ” system acetic 
acid -petroleum, in the direct neighbourhood of the critical solution 
temperature, there is no change in the temperature of miscibility 
whilst the composition changes from 50 to 70 per cent, of acetic 
acid. In the same composition range, the carbon disulphide-acetic 
acid and the cyclohexane-acetic. acid systems show very slight 
changes. In the system eye/ohexane-99 per cent, acetic acid, for 
a change of composition from 50 to GO per cent., in the immediate 
neighbourhood of the critical solution temperature, the temperature 
change is 3*5° . In the nitrobenzene -aqueous acetic acid system, 
temperature changes of 14° occur for a change in composition from 
50 to 60 per cent, acetic acid. 

In systems showing marked maximal points, as in this case, far 
bigger changes in the miscibility temjK'rature, for a certain per- 
centage of impurity, can be obtained if proportions of constituents 
are chosen outside the critical region nearer to the maximal temper- 
ature. Thus from curves A and (\ approximately 1 per cent, of 
water in the acetic acid produces a rise of 17^ from K* to K c . If 
proportions represented by Pj and IV arc used, the same percentage 
of water in the acetic acid produces a rise in the miscibility temper- 
ature of about 31 \ In this ease, a change of proportions of this 
order still leaves the system suilieiently near to the critical region 
that accuracy is not sacrificed in the determination, but if the 
deviation from the critical proportions is too gnat the accuracy 
will be diminished markedly, owing to the dilliculty of observation. 
The advantage obtained by changing proportions in this way 
obviously decreases as the concentration of the impurity increases. 
Thus from P« to P B there is a rise of about 4.V for l per cent, of water 
as an impurity. In the jietrnlrum-aeetic acid system, however, 
any marked deviation from the critical proportions makes observ- 
ations very difficult. 

The great effect of water may be very elearly traeed in the diminu- 
tion of the solubility of aeetie acid in the layer rich in (•//efohrxanc. 
Thus, drawing an isotherm cutting tin- three curves J, ii, and l 
at D l , D 1 , and Jfi, it is seen that the pem-nlage of aivtie acid in 
the layer rich in cyclohexane decreases from Ido per eeni. when 
tile aeetie aeid is almost anhydrous, In ITS per cent, when tin* 
acetic acid contains about Odl per cent, of water, and further to 
3*6 per cent, when the acetic aeid contains about 1 percent, of water. 
On the other hand, very slight changes in the percentage concen- 
tration of cyclohexane in the layer rich in aeetie aeid occur as a 
result «>f the presence of the water. 
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Table I. 

Results ( vide Fig. 2). 


Curve B. cyc/oHexane and 99‘72% acid. 




Miscibility 

% tycioHexane. 

Miscibility 

<■' eyefc Hexane. 

temp. 

temp. 

22-95 


2-5° 

36-34 

5-3* 

45-3 


6-65 

56-0 

7-2 

73-6 


10-0 

80-0 

7-0 

88-2 


30 

92*0 

below 7-0 


Curve C. cycJoHexane and 98'80% 

acid. 

20 1)7 


5-2 

24- 13 

9-3 

34-22 


16-7 

39-93 

18-9 

44-95 


20-0 

49-00 

22-1 

52-35 


23-0 

66-73 

31-8 

73-81 


38-0 

93-00 

40-0 

96-4 


8-0 




Curve D. Nitrotoluenc and 83 2% 

acid. 



Miscibility 

% Xitrotoluene. 

Miscibility 

Nitro toluene. 

temp. 

temp. 

46-94 


43-2 3 

56-14 

56-6* 

52-70 


52-2 

63 81 

66-2 


Curve b\ Nitrobenzene and 83 ‘2% 

acid. 



Miscibility 


Miscibility 

Nitrobenzene. 

temp. 

% Nitrobenzene 

. temp. 

51-05 


2 5-5 5 

61-09 

41-5° 

57-54 


0-3 




y itrobenzetie-Aq rnous Acetic Acid.— Nitrobenzene has many 
excellent criteria of purity. The heat of fusion is small enough 
to make its melting point (5'9') very sensitive to impurities, and 
it has a little known binary critical solution temperature with 
hexane at 19*2° (Timmermans, Z. physikal. Chm. s 1907 , 58, 129). 
For final purification, it was distilled under diminished pressure 
through a 6-column Young evaporator still-head, an all-glass 
apparatus. The following may be taken as typical of a final 
distillation, the critical solution temperature values being taken 
with an acetic acid melting at —5*4', containing 83 2 per cent, of 
acetic acid. 


1st fraction 
2nd „ 

3rd „ 

4 th „ 


Volume in c.c. 

M. P . 

C.S.T 

150 

5- 4 s 

17-2" 

350 

59 

17-3 

150 

5-S 

17-3 

200 

5-S 

17-38 


The following table gives the critical solution temperatures of 
compounds closely related to nitrobenzene, the same acid and the 
same proportion of constituents being used. 

VOL. CXXIII. 3 B 
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Table II. 



C.S.T. 


C.S.T. 

Nitrobenzene)... 

22-5° 

o-Nitrotoluene 

42*55° 

m-Nitro toluene 

52-0 

p-Nitrotolueno 

46*0 

o-Chloronitro- 


liromomesitylene . . . 

. 20 


56-8 

(with add melting 
at 118°) 






Table III. 



Results [vide Fig. 

3 : acid 83-2%). 


% p-Nitro- 
toluene. 


% m-Dlnitro* 


C.S.T. 

benzene. 

C.S.T. 

0 

22-55® 

0 

22*55® 

1*67 

23 00 

5*792 

23-5 

12*00 

25-25 

13-13 

24-8 

18-12 

26- SO 




Tio. 3. 

,4«*d melts at — 5*4" (~= 83*2% oceftc acid). 



m-Dinitiobenzene, strangely enough, raises slightly the critical 
solution temperature of nitrobenzene, that is, tlie introduction of 
the second nitre-group seems to produce a solubility effect opposite 
in direction to that following the introduction of the iirst. 

The influence of the methyl group appears to be the in the 
case of benzene toluene as in that of nitrobenzene -nitrotoluene. 
producing almost the same rise in the critical solution temperature 
(27' in the ea*e of benzene-toluene, 2o for the o-nitro- and 29 , o J 
for the nonitrn-derivaUves). 

Jiuizettc-Aqucon-* Acetic Acid .—'\ he material, which original!} 
had a melting point of d‘4 , was distilled through a 12- bulb still* 
head, and the following fractions, having the melting points and 
critical solution temperatures given below, were obtained: 



Volume in c.e. 

M. P* 

C.S.T. 

H-9 

1 st fraction 

20 

r>4® 

2 nd „ 

7 a 

5 4.i 

jlfd * ,, 

7 

.'4 

15-0 

Kesiduo 

12 

5-2 

US 
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The critical solution temperatures were taken using a solution of 
acetic acid melting at 0*9°, which corresponds to an 88*3 per cent, 
acid. 

Fig. 4 shows the effect of certain typical impurities on the benzene 
critical solution temperature. Thiophen (synthetically prepared 
and carefully purified), when the same proportions and the same 


Fio. 4 , 



acetic acid solutions are used as for benzene, exhibits a very dear 
critical solution temperature at 1'9*; that is, thiophen is very 
similar to benzene in solubility relations, 1 per cent, of thiophen 
lowering the benzene critical solution temperatures by 0*13 only, 
and therefore this method would only estimate it in benzene to an 
accuracy of about 1 per cent. The toluene curve is included for 
completeness from a former paper (loc. cit .). 
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Table IV. 


B exults ( vide Fig. 4 : acid melting at 0'9° — 8$‘3% acid). 


% Gasoline. 

C.S.T. 

1*47 

1G-T° 

2-8« 

190 

8-4 

*27-1 

14-47 

:wvi 

18-33 

43-3 

0 

14-0 


% cyclo* 

Hexane. C.S.T. 
2-81) 18*45'’ 

4-4S 

13-7*2 »2-!» 

14 2 33 3 

o 14 y 


% Toluene. 

C.S.T, 

0 

14-1V* 

24-77 

20-115 

44-57 

20-3 

75-25 

34-5 

81-04 

30*35 

114-1 1 

40-35 

100-00 

41-8 


Thiophen, 

C.S.T . 

0 

14-11'’ 

31-3 

lot; 

75-3 

5-1 

100 

Ml 


At ‘0 tie tie id 
used had 
m. p, -2-2 
(rr 8">-7° 0 acid). 

Acetic acid 
approx. 39',’u. 

Aertie Acid 
approx. r>0" () . 


’ <( H- Hilly l 

alcohol. I ^ * 


0 

14 ir 

Acetic iw ill 

1-21 

11-9 

used had 

5-7S 

u-2 

in. p. (Ml 

5-81 

7-S 

(= 88-3%* 

S-05 

14-2 


1 1 07 

3-S 



1\ u-llutvl alcohol lowers c.s.t. hy 1-3 , 

44-5 2U-S 

4!M 4-3 

l°„ ii'Hutvl alcohol lo\u i^ c.s.t. 1 >v l -2\ 
US-1 * H>*9 

71-23 4*8 

J° 0 ii-Hulyl alcohol lowers c.s.t . hy 


’[’hi* low- boiling petroleum fraction and cyriohexane [) reduce very 
.similar effects, the former raising the critical solution temperature 
values slightly mure than the latter. 

1 per cent, of cyclohexane raises the critical solution temperature hy 1-2.V 
1 percent, of petroleum „ „ .« >• - - I"*** • 

'['he critical solution temperature method was u>ed to estimate 
the concentration of «-butyl alcohol in benzene for experiments 
on adsorption from solution, tirst with low concentrations of the 
alcohol, but afterwards throughout the whole range up to inn per 
cent, alcohol. This forms a very interesting example <4 the value 
of the method. As will be seen from Fig. -1 anil Table IV. (lie 
alcohol has such a large effect that, with one concentration of mid, 
one gets rapidly below ordinary temjxratme range,. It was 
necessary, therefore, as the concentration of the alcohol increased, 
to dilute the acid used. The results given below show that tip 
to more than To per cent. »-1mty1 alcohol, when the acetic acid 
had been diluted to AO per cent., a change of 1 per cent, in the 
alcohol concentration still gave almost the same change m 
the critical solution temperature (3 ,( J instead of 4*3 ) as when tie 
concentration of alcohol in the benzene was only 1 per cent . and the 
acid concentration more than 90 jkt cent. This provided, there- 
* fore, an extremely accurate and rapid method of estimating n-M\ 
alcohol in benzene throughout the entire range of concentrations. 
The critical phenomena were, moreover, very clear and di&uni . 
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For higher concentrations of w-butyl alcohol, the ternary critical 
solution temperature obtained with 14 per cent, hydrochloric acid 
and rc-butyl alcohol, which is so extraordinarily sensitive to im- 
purities of the nature of benzene, was used (1 per cent, of toluene 
was found to raise the upper and depress the lower ternary critical 
solution temperature of n-butyl 
alcohol-hydrochloric acid by 19° ; Fic. 5. 

loc. cit .). 

Carbon Bisulphide- Aqueous Acetic 
Acid. Estimation of Sulphur in 
Carbon Disulphide. — The carbon di- 
sulphide was a purified material 
(Merck) which gave negative tests to 
ordinary impurities, and on one distil- 
lation through a 12*bulb pear still- 
head, gave the following results : 


1st fraction . 
2nd „ . 

3rd „ 

4th „ 
Residue .... 


Volume (c.c.) 
50 
50 

.. 100 
50 
30 


C.S.T. 
12 - 2 * 
12-4 
12 4 
50 
12-2 


The third fraction was taken as 
sufficiently pure. 

The critical solution temperature 
taken with acetic acid melting at 
15 '3*’ proved ver}' sensitive to the 
presence of sul phur, as shown in Fig. 5 
and Table V, linear relations being 
found. One per cent, of sulphur 
raises the critical solution tempera- 
ture by 4*7 J , so that it could lie 
estimated accurately by this method 
to 0*02 per cent. 

One per cent . of benzene produces a lowering of 1 T>°. r^doHexanc 
gave a critical solution temperature of 1V0" with the same acetic 
acid. Lower petroleums (b. p. 95- GO ) gave a critical solution 
temperature of S*45\ 

Table V. 




Results 

[vide Fig. 5). 


% Sulphur. 

C.S.T. 

% Benzene. 

C.S.T. 

0 

12 4 0 

0 

12-4° 

0-77 

15-95 

2-2 

9-2 

1’9 

20-7 

3-4 


2-8 

25-4 

tf-5 

9-75 

1-9 

-3-0 
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Important Practical Conclusions. 

The experimental work done on these binary and ternary critical 
solution temperatures, from the point of view of their use as 
criteria of liquid purity, may be summed up in the following eon. 
elusions : 

{A ). — In the case of both binary and ternary critical solution 
temperatures, each impurity has its specific effect which must he 
determined before one can judge of the value of the method for 
indicating its presence, for example, homologues may or may not 
have A large effect. Thus the effect of the lower and the higher 
acid homologues on the critical solution temperature of w -butyric 
acid-water would be very large, whilst that of petroleum homologues 
on the acetic acid petroleum system is very small, owing lo the 
large difference in the solubility relations among the fatty acids. 
Further, although the effect of anv material, considered as impurity, 
may usually bo foretold to some extent from its general solubility 
relations and from the usual effects produced bv certain group*, 
sometimes this is not the ease; for example, the effect of diniti.i- 
benzene on the critical suluthm temjieraturr of nitrobenzene, 
Especially does this occur when the critical line shows marked 
deviation from the linear, for example, toluene- aniline, lolutm- 
lncthylaniline. {Results as yet unpublished.) 

{$). — The presence as impurity of the second component will 
not be indicated at all by observation of a binary critical solution 
temperature. This becomes of great importance in eases when' 
the second component is the common impurity, for example, wnter 
in phenol, /i-butyrie acid, or w-butyl alcohol. A ternary critical 
solution temperature does not suffer from this defect, although uf 
course the effect may he small. 

((').- A ••ritual .solution tnnjicraturc method is admirably 
adapted by its simplicity and accuracy for following a emme of 
purification, saw by distillation, cbemwal treatment, or fractional 
freezing. It must be emphasised that if, for instance, distillation 
is the process of purilieatioii adopted, complete homogeneity of 
material, as far as can be obtained by the purification method, 
and as toted by the critical temjMrature method. • an only be 
assumed when relatively small initial and final fractions giw 
same value as the main fractions. 

{D). It is always necessary to guard against the pos>ible nnnua 
effects of different impurities. Thus, in distilling impute «- Aity 
alcohol, in a fir*t fraction one would get water and the lowii muK 
•logues, impurities of practically the same volatility, and 
quite opposite effects on the critical solution tempeutuie o 
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ternary mixture with hydrochloric acid, the homologues lowering, 
and the water raising, the critical solution temperature. Further 
treatment, however, usually reveals the non-homogeneity of the 
fraction. 

(E ). — The so-called binary critical solution temperatures are em- 
ployed until the liquid to he tested is finally purified, but the system 
is not binary and therefore it may be very necessary to use definite 
proportions. Hence the use of the accurate pipettes for the precise 
adjustment of concentration required in determining ternary critical 
solution temperatures is recommended also in the case of binary 
critical solution temperatures. 

My best thanks are due to the staff of Johns Hopkins University 
for giving me every facility for carrying on the research, to Prof. 
K. J. P. Orton for originally suggesting it, and to Prof. F. G. Donnan. 
During this research, I was part-time an 1851 Exhibitioner of 
Wales and later a National Research Fellow of U.S.A. 

J. Hopkins University. 

University College, London. [Received, November 2nd 1922.] 


CLXIL — Benzopyrylium Sails of Distyryl Ketones. 
Part II. Salts and Metallic Complexes of 
4: f -Dimethylaniino-2-$tyrylbe nzopyrylium . 

By Johannes Sybrandt Buck and Isitior Morris Heit.bron. 

In a former communication (T., 1922, 121. 1198), it has been shown 
that whereas 4 / -methoxy-2-styryl benzopyrylium chloride dissolves 
in water giving a red solution which does not alter in colour on 
dilution, the solution of the corresponding 4'-hydroxy-2-styryl- 
benzopyrylium chloride (I) changes from deep red to pure blue on 
high dilution. This alteration in colour was attributed to an inter- 
molecular rearrangement from the benzenoid pyrylium to the 
quinonoid pyrone (II), a rearrangement obviously impossible in 
the case of the 4 / -methoxy-saIt . 

CH CH 

. /\/\rn 

!L) \/\ ^ icH :ch yOH \ /\ /C:ch-ch:\_J>:o in.j 

, o 6 

a 

With a view to study further the interesting colour changes of 
these styrylpyrylium salts, and with the hope of obtaiiting new 
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evidence in support of the above suggestions, a series of salts derived 
from 4'-dimethyIamino-2-hydroxydiatyryI ketone has now been 
prepared, these being, so far as we are aware, the first of their 
class in which a typical basic group is associated with the pyryfi Um 
nucleus. 

Owing to the presence of the dimethylamino'radicle in the 
molecule, a difficulty in the mode of preparation is introduced as 
this group renders the pvrylium salts exceedingly soluble in the 
usual acid media employed for their preparation, and as a result of 
this we have been unable to isolate the free chloride in the solid 
state.* Its formation, as also the alteration in structure which 
it undergoes, can conclusively be inferred from the remarkable 
colour changes which take place, as indicated in the following table 
on heating the ketone with concentrated hydrochloric acid, followed 
by subsequent dilution of the solution with water. 


From 0 25 gram of ketone. 


Colour. 

Blood-red (cold solution) 
Golden-yellow (after heating) 

Pale green 

Intense emerald -green 

,, dark crimson 

,, red-violet 

Pure violet 

Blue with violet tint 

Deep blue 

Intense royal blue 

Distinct blue solution 


Volume of solution in c e 
10 
10 
12 
18 
50 
150 
3(H) 

Suo- -180)1 
2500 
35011 
111 * 


Attempts were also made to prepare the pvrylium iodide, but 
although here brown or green products were actually obtained in 
crystalline form, these proved on analysis to he complicated per- 
iodides to which we have been unable to assign any definite formula?. 
On the other hand, two distinct pcrehlomtes have been isolated. 
The first of these, which forms olive-green crystals, is similar in 
appearance to the colour- base, obtained by the addition of dilute 
potassium carbonate solution to a solution of the chloride, and thus 
would correspond in structure to formula (III). The second salt, 
which is orange -yellow, contains an extra molecule of pmhlork 
acid and doubtless corresjHmds to a simple perchlorate of the 
pyrylium salt (Formula IV). 

* Although it has Wen found mijK>*sihle to obtain the solid pyrylium 
chloride in the caw* now und* r consideration, we have succeeded in doing 
thia both with die closely related T-hydroxy-2-slyryl-4-nH-thyll»enzo}»yryImni 
and the corresponding phenyl homologue. The preparation ami deseript^ 
of these salts will form the subject of a further eommunication. 
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As regards the colour changes observed on treatment of the 
ketone itself with hydrochloric acid, we suggest that the primary 
red colour is the typical halochrornic phenomenon observed generally 
among the distyryl ketones (Baeyer and Villiger, Ber ., 1902 35 
1189) and that ring-closure is only brought about on heating, the 
golden-yellow solution thus containing the hydrochloride analogous 
in structure to (IV). On dilution with water, hydrolysis of this 
salt would result, the green acid solution now containing mainly 
undissociated pyrylium chloride in which the enhanced colour can 
be attributed to the presence of the free XMe 2 -group, which is 
again able to exert its full auxochromic influence. With continued 
dilution, increasing ionisation of the salt must occur, with the result 
that the electrostatic forces holding the anion to the positively 
charged oxygen atom will certainly become weakened and the 
subsequent colour phenomena may readily be accounted for by 
structural alterations in which the kation alone is involved. Such 
a suggestion is in strict agreement with the electronic conception 
of valency, the changes solely involving a regrouping of the electrons 
within the octets (compare Kermack and Robinson, T,, 1922, 121 , 
427). On this basis, the limiting phases would correspond to (V) 
and (V II), in which the latter coincides with the usual quinonoid form. 
In this the anion is regarded as being bound by electrovalence forces 


HH 


A-W: 


Me 


:ojc:c!c:c; !c:n:mc 

•U:C* •’ 



HH bC : C . We 

C:C:C * *0 : X I Me 

* 0 : 0 * ' 


(V.) (VI.) 

..HP. .0(0. Me 

.* o : 0 j 0 : 0 : o; ; o : X : Me (VIJ.) 

• 0 ( 0 * * 

to the ammonium radicle (VIII), this condition corresponding to the 
9 uc s °^ u lion, and being quite analogous to the case of 4-hydroxy- 
-styrylbenzopyrylium chloride. Bet ween these two extreme 
conditions, a further kat ionic phase is readily conceivable (formula 
) and the red solution formed on further dilution of the green 
u H° n Ma, tcr could thus be accounted for. In this condition 
° * e mo ^ e culc, we consider the negative ion as being held, not to 

3 R* 
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any specific atom, but co-ordinated with the katiomc complex as 
a whole It is noteworthy that the red phase w entirely suppressed 
when alcohol or acetone is employed as solvent. A somewhat 
similar conclusion to this has been drawn by Dilthey in his study of 
the quinopyran derivatives (Ber., 1920, 53, [B], 261), the pyrylmm 
salts in this scries being represented (formula IX) as simply con- 
t a ini n g the negative group in a second zone, and not attached to 


(VIII.) 



Cl, OH 


It 

b!q!r 

0 


(IX.) 


Further, Konig and Trcichel ( J . pr. Chan., 9-1, [«], 102, 63) 
have obviously the same conception in mind in the par ml valency 
formula (X) employed by them to represent the attachment of the 
negative radicle in the case of the woeyanme dyes. 


Aik— n/ 'tC 



V» /-\ 

6 OH 


i l i^olAte uuinonoid salts in the solid state, 
Attempts wert m perchlorate might be obtained. The 

and it was hoped that a blu fJ rc "‘ , * b , ue solmi „„ 0 f the 
addition of excess of pore hlon »< the 

salt of type Mil. luri 1 1 , b „ transformations 

existence of a qu mono., form is - This substance, 

. It i» interesting to note that, .a the current number o __ ^ 
Industry (| 


cresting to note that, m the current ^ ^ ^ 

Industry (|>. 414). l'rohw Is>»ry h» mge"^ * ^ which U ab*^ 
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volume of water, forma a colourless suspension. This in turn 
rapidly dissolves, yielding the same deep blue solution as is obtained 
from the chloride. From analogy with the 4'-hydroxy-salt there 
can be little doubt that this contains the quinonoid ammonium 
base. 

Metallic Complex Sails.— Although the chloride has not itself 
been obtained, we have been able to isolate a remarkable series of 
crystalline metallic complexes, the preparation of which is described 
in the experimental part. These are doubtless analogous to the 
so-called metallic double salts obtained by Fosse and Lesage (Compt. 
rend., 1905, 140, 1402; 141, 625; 1906, 142, 1543) in the di- 
naphthapyrylium and xanthylium series. With bivalent metals 
such as copper, cobalt, cadmium, and zinc, the complexes have the 
general formula 0 19 H 18 OXC1,HC1,MC1 2 . The ferripyrylium chloride , 
on the other hand, differs in having no acid addendum, but this is 
exceptional, as both the tkallipyrylium chloride and the stanni - 
pyrylium chloride crystallise with such. We suggest that these 
salts, which are all very similar in appearance, being well-defined, 
crystalline substances, yellow or green in colour, are typical 
pyrylium complexes, identical with the perchlorate in structure. 
They are all very readily soluble in water, giving, on just moistening, 
green, crystalline solids which are converted on further addition of 
water, first into a pure violet, and then into the characteristic blue 
substance to which we have attributed the quinonoid pyrone structure, 
In the case of the metallic complexes also, dilution with alcohol or 
acetone entirely suppresses the violet phase. 

Experimental. 

i^Dimethylavuno-2-styrylbenzopyrylium Perchlorate. — Three grams 
of 4'-dimethylamino-2-hydroxydistyryl ketone (chloroform additive 
product), prepared according to the method of Heilbron and Buck 
(T., 1921, 119, 1500), were dissolved in 20 c.c. of concentrated 
hydrochloric acid, and the red solution was heated until the character- 
istic change in colour was effected. The solution was then diluted 
to about 2 litres with water (deep purple colour) and treated with 
5 c.c. of 20 per cent, perchloric acid. The dark green, flocculent 
precipitate was filtered, dried, and recrystal lised from glacial acetic 
acid, after which it was left to stand for some months in an exsiccator 
over sodium hydroxide, this treatment being necessary in order to 
free it entirely from acid addenda. The salt is obtained in dark 
green, glittering prisms, “ puffing :5 when heated, and melting at 
207°. It is only very sparingly soluble in water, alcohol, or acetone, 
giving a deep royal blue solution (Found : 0 — 60*6; H = 5*1. 
C J9 H 18 0N*CI0 4 requires C = 60'7 ; H = 4*8 per cent.). 

3 n* '1 



1400 


BUCK AND HKILBRON : 


The diperchlorate, 0 19 H 1s ON*C 1O 4 ,HC1O 4 , was obtained by heating 
the ketone (5 grams) with 20 c.c, of concentrated hydrochloric acid 
until the pyrylium salt solution was produced. After cooling, and 
without further dilution, 70 per cent, perchloric acid was cautiously 
added and the yellow precipitate filtered off and recrystallised from 
concentrated hydrochloric acid. The salt forms pale orange- 
coloured needles exceedingly unstable when moist, moderately 
stable when dry. Treatment with water, alcohol, etc., produces 
the normal perchlorate. It explodes with extreme violence on 
heating, so that for analysis it is necessary to mix the compound 
with a large excess of powdered quartz, close the upper end of the 
combustion tube, and then very gradually decompose the suit by 
heating, after which the tube is burnt out as usual (Found : C ~ 
47T ; H — 4 2 . C 19 H 18 0X*C10 4 ,HCI0 4 requires C — 461); H — 3-9 
per cent.). 

4 '-Di methyla m imo- 2 -styrylbe n zopyryl i u m Fe rroc ya n ide . — This salt 
was prepared by the addition of potassium ferrocyanide solution 
to the dilute, blue, acid solution of the pyrylium chloride. It was 
precipitated as a brilliant blue itowder, practically insoluble in cold 
water, somewhat soluble in hot glacial acetic acid with a deep blue 
colour, and very sparingly soluble in all other solvents. As with all 
other compounds of this series, the ferrocyanide dissolves in cold 
concentrated sulphuric acid with a yellow colour, but it is unique 
in that the solution shows a marked greenish-yellow fluorescence 
[Found: C - 60‘S: H - 44 : Fe 11*3. (^H^ON^HgVctt'X), 
requires (■ — - til l : H 4 ‘11 ; Fe -- 11*4 ]>er cent.]. 

ricralat. A bulky green precipitate is obtained by treating a 
dilute (purple) solution of the pyrylium chloride with alcoholic 
picric acid. On drying and reorystallising the product, a mixture 
of bright green and almost black crystals is obtained. These could 
not be separated, being apparently interconvertible. 

Bum* of V-Diuit thyUtwinto'l-xtyrylbnKopyryliuw f ft hr ide. As 
in the ease of other salts of this typo (Buck and Hcilbron, for. of.), 
these could not l>e obtained crystalline, or sufficiently pure for 


trustworthy analysis. The colour baxc is precipitated by the addition 
of excess of potassium carls mate solution to a violet solution of tlio 
chloride. Potassium acetate, the usual reagent, gives no precipitate, 
the violet solution persisting. The colour base forms dull green 
flocks, which, after long drying on a porous plate, yield a sage-green 


powder insoluble in water, but soluble in alcohol or acetone to a 
deep yellow-green solution, from which it is reproeipit a tod on dilu- 
tion. The alcoholic solution gives a deep emerald colour \rith 
dilute acetic acid, and a greenish-blue colour with hydrochloric an > 
both colours persisting on dilution. When warmed with hjdro* 
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chloric acid, the alcoholic solution gives a deep green colour ; with 
excess of acid this becomes orange-red, and gives a fine blue colour 
on dilution. 

The carbinol base is obtained by suspending about 10 gram of the 
pure perchlorate in 20 c.c. of absolute alcohol, and then adding 2 c.c. 
of 25 per cent, potassium hydroxide solution. The salt slowly 
dissolves, yielding a pale yellow solution from w’hich, by the addition 
of water, a colourless gel separates. On standing over-night, this 
settles out as a very pale yellow, floccuient precipitate which cannot, 
however, be entirely freed from potassium, for repeated washing 
with water causes resinification of the product. The impure base 
when dry forms a pale yellow' jx>wder which is somewhat sparingly 
soluble in alcohol or acetone, giving a light yellow' solution. It is 
soluble in glacial acetic acid with an intense royal blue colour. In 
cold concentrated hydrochloric acid, the base dissolves to an orange- 
yellow solution which becomes blue on high dilution. If an alcoholic 
solution be poured into a large volume of water, a white emulsion 
is first formed which rapidly redissolves with formation of the 
characteristic blue solut ion. The same change is produced by largely 
diluting an alcoholic solution with alcohol, but does not take place 
when acetone is used as diluent. The change is undoubtedly due to 
the conversion of the carbinol base (XT) into the quinonoid colour- 
base (VIII). As in the ease of the blue solution produced directly 
from the chloride, ether extracts no blue colouring matter, hut gives 
only a faintly yellow layer. 

Metall ie Cow plexex of 4 ' - J)i m ( thyhtm i no- 2- ^tfn/Uj^nzopj/ryl i u m 
Chloride. 

The general method of preparation of these compounds is as 
follows : 5 grains of the ketone are dissolved in 30 c.c. of concen- 
trated hydrochloric (or hydrobromie) acid, and the red solution is 
heated until pyrylium salt formation is brought about. While still 
warm, the solution is treated with an equal weight of the metallic 
chloride (or bromide) dissolved in from 10 to 15 c.c. of water. On 
gently warming the mixture, the whole rapidly sets to a crystalline 
mass. The product is filtered oil and repeatedly washed with small 
quantities of concentrated acid and dried, first in an exsiccator 
over sodium hydroxide, and then in a vacuum at 100° for several 
hours. The salts can in most eases be recrystallised from con- 
centrated hydrochloric acid, but the process is wasteful and unneces- 
sary, as they crystallise out from the original solution in a state of 
purity. Although stable in the dry state, they decompose fairly 
rapidly on exposure to moisture, yielding pure green solid$ with a 
lower chlorine content. The metallic complexes are all very readily 
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soluble in water, giving in the first place deep violet solutions which 
quickly change to blue on dilution. On treatment of the latter 
with hydrochloric acid, the reverse colour change occurs and on 
carefully increasing the amount of free acid, green and then yellow 
solutions obtain. All the salts are somewhat soluble in alcohol 
acetone, or glacial acetic acid, giving blue solutions . It is interesting 
to note that strontium chloride and aluminium chloride could not be 
induced to form complexes, whilst the chloroauratc , which separates 
out in a green form and is apparently of the same type as the 
ferrichloride, is too unstable to isolate in a pure state. The complexes 
although very similar, vary slightly; thus the violet stage persist* 
longer with the zinc chloride salt than with the ferrichlorhk salt 
and the cuprichloride salt is more soluble than the cobalt chloride 
salt. With ammonium hydroxide, the alcoholic solutions gi^ 
generally a dirty violet colour and a precipitate of the metallic 
hydroxide. 

Cupri-salt, C l9 H l8 OXCl,HCl,CuCl a . — This salt is obtained in the 
form of ochre -coluured, microscopic needles, melting with decomposi- 
tion at 171 — 172 3 . That the metal is present as a complex ion is 
readily shown by the fact that a solution of the salt fails to deposit 
any cupric sulphide whatsoever on saturation with hydrogen 
sulphide. The addition of acid in suHieient quantity to form the 
yellow solution yields a similar negative result | Found : C - 47 7; 
il == 41; Cl (Farms) - - 211*"). Calc., C 47*3; H : 4*0; 01 = 
29 ‘4 per cent.]. 

(oixilt Salty C ia H 18 OXCl,llOl.CoCl 2 . This forms brilliant apple- 
green, prismatic crystals melting at 214— -215® (Found : C — 476; 
H - 4 0; Cl - 29 0. Calc., C - 47 7; H - 4*0; Cl - 2‘»*7 pr 
cent.). 

The cadmium salt crystallises out in greenish -yelluw needles melt- 
ing at 218 — 220* (Found . C ~ 43*0; H ~~ 3*7; Cl ~ 27 2. 
Cis,H 18 OXCUlCl,CdC! 2 requires C - 42*9; H - 3 0; Cl -26-7 
jxt cent.), whilst the analogously constituted z/nr salt is obtained 
in golden, glistening needles which melt at 218" (Found : C = 47*0 ; 
H -- 4T ; Cl - 2S*9. C J9 l[ 18 OXCI,Hn,Ziin 4 requires C — 47 *2; 
H 4*0 ; Cl =- 29' 3 jxt cent.). 

Cadmium Bromide Salt. Five grams of the benzene additive 
product of the ketone are dissolved in 30 c.c. of hydro bromic acid 
solution (r/ 1*7), and the solution heated in order to form the pyrylium 
bromide, which is then treated with 5 grams of cadmium bromide 
dissolved in 10 c.c. of dilute hydrobromic acid. A crystalline mass 
separates out almost immediately and this is filtered off, thorough!) 
washed with concentrated hydrobromic acid, and dried in the usual 
manner* The complex salt is obtained in ochre -coloured, glistening 
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crystals which change to orange at 120° and melt at 214—215° 
(Found: C = 31*9; H = 2*8. C 19 H 18 OXBr,HBr,CdBr 2 requires 
C = 32-3 ; H = 2*7 per cent.). 

The fern- salt is prepared by dissolving 4 grams of either the 
chloroform or benzene additive product of the ketone in 50 c.c. 
of hot absolute alcohol, and treating the solution with 10 grams of 
commercial ferric chloride dissolved in 30 c.c. of warm concentrated 
hydrochloric acid. An intensely green solution is produced which 
rapidly becomes pasty. More acid is added and after heating on 
a water-bath for a few minutes the product is filtered off, washed 
with concentrated hydrochloric acid, and dried in an exsiccator. 
The crude salt is finally purified by recrystallisation from a mixture 
of acetone and benzene. It adheres very tenaciously to benzene, 
the last traces of which are removed only by heating in a steam -oven. 
The salt forms bronze-green, glistening, prismatic needles which 
melt with decomposition at 227°. Unlike the other metallic com- 
plexes, it is obtained anhydrous, although, as various analytical 
results have indicated, it undoubtedly tends to form an additive 
product with benzene (Found : C — 48 0; H -= 4*0; Fe = 11*7. 
Ci 9 H 18 ONCl,FeCI 3 requires C — 481; H ^ 3*8; Fe — 11*8 per 
cent.). 

Sfanni.salt, CjjHjgOXChHCIjSnCI^H^O. — This salt is prepared 
by the addition of stannic chloride drop by drop to the green 
pyrylium chloride solution. The yellowish -green precipitate is 
filtered off, dried, and the ochre-coloured powder which results is 
redissolved in a small quantity of water, filtered, and treated with 
an excess of concentrated hydrochloric acid. On standing, long, 
slender prisms separate out, having a characteristic greenish -yellow 
colour. The salt melts at 224°, a distinct change being evident at 
170°, when the crystals change to a pale green powder, this doubtless 
being due to loss of water (Found : C = 36*4 ; H = 3*6; Cl = 34*0. 
Calc., C = 36*3 ; H = 3*3 ; Cl — 34*0 per cent.). 

Thallisaltj C 19 H 18 OXCl,HCi,TlCI 3 . — Five grams of thallous 
chloride, suspended in 20 c.c. of water, are treated with chlorine 
until a clear solution results, when 40 c.c. of concentrated hydro- 
chloric acid are added. The whole is then cautiously added to the 
Pyrylium chloride solution obtained from 5 grams of the ketone, dis- 
solved in 40 c.c. of concentrated hydrochloric acid. Some gummy 
matter separates out at first and is removed from the solution by 
filtration, the pure salt being then deposited as a greenish- black, 
microcrystalline mass. The compound is peculiar in being only 
slightly soluble in water, but it is readily soluble in acetone, giving 
an intense blue solution, from which benzene precipitates a mass of # 
tiny, green needles. The blue acetone solution gives with dilute 
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hydrochloric acid a violet precipitate which changes to green 
on the addition of further acid, while with a large excess of acid 
a yellow solution is formed (Found: C-345; H = 32. 
0 19 H 18 ONC1,HC1,T1C1 j requires C = 34'6; H — 2-9 per cent.). 

In conclusion, one of us (J. S. B.) wishes to express his gratitude 
to the Koyal Commissioners for the Exhibition of 1851 for a grant 
which has enabled this work to be carried out. 


Department of Organic Chem33TR\% 
The University, Liverpool. 


[Received, Muy l*f, 1923.] 


CLXIII— Optical Notations of the Sugars. Part II. 
The Methyl Pentoses and the Glutosides. 


By John G william Maltby. 


The method previously described for investigating the rotations of 
the sugars (T., 1022, 121, 2(508) has been extended to the methyl 

pentoses and the glueosides. . 

So f ir it has been shown that van t Hoff s theory of optical 
superposition applies to the aldoses and their derivatives. The 
rotation due to the asymmetric groups other than group 1 is the 
mean of the rotations of the and pMornis, and is called the 
, + va l,„. ; the differenee between these values for epiracnc 
sugars is" const ant, and its sign divides the sugars into two groups. 
The distinction between the i- and Monos has boon shown to 
depeod on the relative configurations of groups 1 and .1, and the 
mechanism of the cyanohydrin synthesis also depends on the 
latter Rules have been formulated by winch it is possible to 
determine from the rotation whether a sugar is the x- or the Monti. 

The molecular rotational values found for the asymmetric groups 
arc given in Table I. 

Table I. 


Group 

Pentose# 

Methyl pent* I - 
HcxotJes 


4 

. tuv | 

Jo ! 


- Ii0 


l 

84 * Sugar# 

. 1 84 r ‘ Methyl glueosides 
. ;|24 : Phenyl glueosides 


These figures have been obtained from oxiierimental values which 
“ rounded off ” in order to simplify the graphs »n 

IV, .how .1... ■ *, z 

end of the molecule has no large effect on the other end 1 * 

negative sign aserilasl to group l ■ ™ '%n Michael* 

.given to a-glucose by Boescken (Her., 9I * ' * “ Thua 

(ibid., 3683), and Pictet (Udv. Ckm. Aria. 1920, 3, 049). 
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the butylene-oxidie structure is confirmed, since the signs of the 
rotational values of groups 1 and 2 are the opposite of those of 
groups 3 and 4. 

Group: 6 6 \ l 1 l 

OH-CH,-0H(0H)-9H-CH(0H)-CH(0H)-CH-0H. 

I 0 1 

It thus seems that the abnormalities of xylose (Carruthers and 
Hirst, T., 1922, 121 , 2299) are not due to the presence of an 
amylene-oxidic structure, as stated by Irvine (this vol, p. 918). 

The Methyl Pentoses .— Proceeding as for the pentoses and hexoses, 
Fig. 1 is obtained for the rotations of the a-, equilibrium, and {3-forms 
of those inethyl pentoses with a positive {» - {ij/2 value [loc. cit.). 


Via. 1. 


Sugar. Configuration. 

5 4 3 2 

Rhodf'O'tr- ; — 


iwoRhamnoa? . 
f Epirhodeoso 
{ Rhamnoso . 


Khamnose, in which group 3 is negative, is abnormal with regard 
to its a- and {3-rotations (Hudson and Yanovsky, J. Amer. Chem. 
Soc., 1917, 39, 1013), and korhamnose, in which group 4 is negative, 
is abnormal also, since it does not form a hydrazone with diphenyl- 
methanedimethyldiliydrazine (Yotofcek, Z. Zuckerind. Bdkrn., 1919, 
43, 574). On solving the equations derived from the rotations and 
configurations, the two sets of values given in Table II are obtained 
for the rotational value of each group according to the configuration 
given to group 5 in rhodeose. 



a j ^ equilibrium. 


Table II. 

Group 5 4 3 2 1 

(1) : -f 40° ? -00 s -S4 3 . Also group 5 -group 3= -60°. 

(2) ? ? +GQ 9 -fil) 0 -84 . Also group 5 group 4— f 40°. 
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The second set seems the more probable, in which groups ], 2, 
and 3 have the same values as the corresponding groups in the 
pentoses and hexoses. This means that rhodcose has the configur. 

ation 5 4 3 2 

+ + + — 

and not that suggested by Mayer and Tollens (Bn., 1907, 40, 
°434) 

” The Olucosides. — Since the (* + P)/2 values of the pentoses, 
hexoses, and methyl pentoses are now known, the rotations of 
their methylglucos'ides can be calculated, since the difference 
between the molecular rotations of the a- and 0 -methylglucosides 
of various sugars is constant, and their mean is the same as that 
of the a- and 0 -sugars from which they arc derived (Hudson, J. 
Amer. Chan, Soc., 1900, 31, 66 ). 

With the methylglucosides, group 1 has a rotational value — 184°, 
and with the sugars it is - S4°, so that the molecular rotations of 
the former differ by 100 ° from those of the latter. 

Table III gives the calculated rotations of the methylglucosides 
derived from* the pentoses, hexoses, and methyl pentoses, with 
positive (i + 0)/2 values. In those cases where the rotations are 
known (tho values are given in brackets) the calculated rotations 
agree fairly well with the experimental values. A large discrepancy 
occurs only in the case of 0 -methylarabinosi.le, small discrepancies 
bcim, shown bv the mcthylmannoside and the mcthylrhammwitto, 
these being drived from the sugars with abnormal rotations for 
their a- and 0 -forms (Hudson, loc. cit.). 


Methyl 

arabinosidc 

riboside 

xyloaide 

lyxoside . 


a. 

- 304 3 
( • 4U3 S ) 
ri 244 3 

■ : 244’ 

( ; 24 tO 
-124 J 


Tablk III. 


~ 4 a 
- 1 20 =) 

124° 

-124" 

108*) 

galactosid*' . ■ 

glncositle 

... ~:iG4 5 

(43474 
... - 7 - 3U4 
(43054 

- 4* 

(L» : | 

- (14 5 
(-04*) 

- 04' 

t AlOHldt) , . , , , 

.... 244* 

— 124* 


idnsidc 

|| F .t}{|r , t . . . . . 

-■-244" 

... -t 244 

-124* 

-124 ; 


iiuuinosidt* .. 

alltiside ........ 

... -1«4 3 

(-IOO 4 

... —184' 

4lS4 : 

4184 s 


Methyl 

rhcxleositlc 

uorhamnosido 

epirhodeomde 

rnrftnnoside . 


4 344 ° 
-r204> 

.{- 224 * 


&. 

- 24 5 

— 104® (-100''} 

- 144 ° 

4224Mt1'°) 
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It has been shown that the rotational value of group 1 increases 
fairly regularly with the molecular weight of the alcohol group in 
the aliphatic series (Bourquelot, Bull. Soc. ckim 1913, [iv], 13, 
xiii; Hudson, J. Amer. Chem. Soc., 1909, 31, 06). 

Knowing the (a -f p)/2 values for the sugars, we can calculate 
the approximate rotational values of group 1 for the glucosides of 
the various alcohols (Table IV). 


Table IV. 

Sugars. Methyl. Ethyl. Propyl. Butyl. Amyl. Allyl. Benzyl. Phenyl. 
-84° -184° —194° -200° -210" -2HP -210° -270° -324° 

These values hold for the glucosides of the various sugars, the 
only exception being a-benzylarabinoside, which has a calculated 
value of (M]p ~ The experimental value is higher than this 

([M] D — 516°; Fischer and Bcenseh, Ber., 1894, 27, 2482), but the 
authors themselves state that there may be a large error, since a 
very dilute solution was used. 

The homer ism of the and {i- Forms. — The sign of the (a ~ fJ)/2 
value has been shown to divide the sugars into two groups, since 
for those with a positive (a -j- ]3)/2 value the ratio of the isomeride 
with the higher positive rotation to the other isomeride in the 
equilibrium mixture is 1 : 2. In the previous paper (/or. cit.), the 
former was taken to be the cc-form, the latter the S-form. It has 
now been found that for mannose and rhamnose this is the con- 
verse of the distinction given by the action of enzymes, the mode 
of preparation, and the rate of hydrolysis of the glucosides. Again, 
in the case of the a- and [3-tctra methyl methyJniannosides (Irvine 
and Moody, T., 1905, 87, 1462), the physical properties are the 
converse of those of other corresponding compounds. Xow these 
two sugars both have the configuration 

4 3 2 

and sugars with this configuration have been shown to be abnormal 
as regards the rotations of their a- and p-forms (Hudson and 
Yanovsky, J. Atner. Chem. Soc., 1917, 39, 1013). These sugars, 
which comprise lyxosc, mannose, gulose, and rhamnose, are the 
only sugars with a positive (a -f £) 2 value and yet with group 3 
negative. Since group 1 has a negative rotational value, the con- 
figurations of the a- and fJ-forms can be determined from their 
rotations, and it is found that for the a-form groups 1 and 3 have 
opposite configurations, whilst for the 13-form they have the same 
configuration. 
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0 

4 ‘V 

aform. 0- form ' 

Thus the reform luvs a greater numerical rotation than the P-form, 
except in the ease of lyxose, mannose, gulose, and rhamnose, 
where the converse hohls good. This difference enables the «.form 
to be distinguished from the p-form by their rotations, where these 
are known accurately. This method of distinction can lie applied 
to most derivatives of the sugars, but the sugars themselves show 
mutarotation. so that the rotations cannot always lie easily found. 
But the sign of the (* i p)/-’ value is the same as that of the equi- 
librinm mixture, except in the case of sugars with an (*■;- ',) ■> 
value less than one-sixth of the difference between the rotations 
of the a- and p-forms, namely, mannose and allose. 'Ilius if the 
rotation diminishes to the equilibrium value, the isomeride originally 
present was the a form. whereas if it increases, or if it changes sign, 
the isomeride was the p-form. except ini he case of lyxose, guW. 
allose and rhamnose where the converse holds good. 'I he alum- 
two rules are easier to apply than that of Hudson (./. Amr. 

Soc.. 1900. 31, tiff). 

Knowing the configurations of the a- and p-forms of the sugar, 
it has nouHieen found that the isomeride formed in larger quantity 
|, v the cyanohydrin svnthesis always has the same emdiguration as 
the admin of the sugar, since the eonliguration of group d in the 
product is always the opposite of that of group I. I Ins is shewn 
in Table V. 


HO 


v 

H*^OH 


•C-OH 0 

t 


Tabi.k V 



Arhfl^lir- 

Sugar. 

ut it in ■ Main Jircnlui >. 

Arabinos** 

Mun nononit rib- 

Xylose 

(lulononitrilf 

Riboae 

Altrononitrilo 

filucoso 

a-(!lurnhrpt<>n*>- 

n it rili' 

Maimotw* 

« Mnimolirpt*)' 
nnnitrii* - 

(jftlactone 

a-< iulnhi’i'tnno- 
mtnli* 

'Rhiimnow 1 

• 

: . — a . Khftinnnh«'xn- 
ixitiitnlo 


Configur- 
utii in. 

t; 4 :i 2 
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Therefore a-guloheptononitrile (La Forge, J. Biol. Chem., 1920, 41, 
251) will have the following configuration 

6 5 4 3 2 

In conclusion, the author wishes to thank Prof. F. 8. Kipping. 
F.R.S., for his interest in this work. 

Chemistry Department, 

University College, Nottingham [ Received , March ink , 1923.] 


CLXIV. — Estimation of Tin in Wolf ram. A Modification 
of PoweWs Method . 

By Octavius Francis Lubatti. 

The method described below for the estimation of tin in wolfram, 
which differs from Powell’s method {J. Soc . Chm. Ind., 1918, 
37, 285t) in that zinc vapour (Bcringer, f< Text-hook of Assaying,” 
p. 285) is used instead of sodium peroxide for 
the decomposition of the tin residue, offers the 
following advantages : (a) sodium peroxide, 
which does not keep well in a hot, damp 
climate, is not used, (b) by the use of zinc and 
zinc oxide, the cost of the reagents is about 
halved, and (c) fusion in an iron crucible is 
avoided. 

Principle of the Method— Wolfram ores, 
when fused with potassium pyrosulphate, are 
decomposed with the formation of potassium 
tungstate. The product of the fusion is 
treated with a solution of tartaric acid, which 
dissolves tungsten salts but not silica and tin 
compounds. The residue is collected on a 
filter, ignited, mixed with the zinc reducing 
mixture and decomposed in a suitable furnace. The tin, obtained 
in the metallic state together with zinc and zinc oxide, is dissolved 
in hydrochloric acid saturated with chlorine, and the solution, after 
reduction with metallic antimony, is titrated with a standard solution 
of iodine in the usual manner. 

The Furnace . — Any small crucible furnace capable of with- 
standing a temperature of about 1000° is suitable for the purpose. 
The author uses an ordinary Battersea No. 3 fireclay crucible with 
a hole in the bottom 4 cm. in diameter (Fig. 1) and covered at • 
the top with a No. 4 scorifier, which is also provided with a hole 
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in the bottom 5 cm. in diameter. The reduction takes place in 
a small porcelain crucible of 15 c.c. capacity, supported in the 
central part of the furnace by means of a silica triangle, attached 
with nickel hooks to the sides of the crucible. The heat is supplied 
by a No. 4 Meeker burner. 

Standard Iodine, Solution . — An approximately N /100-iodine 
solution is standardised against a tin solution prepared as follows : 
02 gram of pure tin is dissolved in 50 c.c. of concentrated hydro* 
chloric acid by heating gently, the solution is cooled and made 
up to 500 c.c., and 50 c.c. portions, each containing 0‘02 gram of 
tin, are treated with 30 c.c. of concentrated hydrochloric acid. 
The solution, after dilution to about 150 c.c. with water, is 
oxidised with 1 gram of permanganate and then treated as 
indicated below in the case of the actual estimation ; 0‘02 divided 
by the number of o.c. of iodine used in the titration gives the 
amount of tin corresponding to 1 c.c. of the standard iodine 
solution. 

Method of Procedure .— Two grams of the wolfram ore, ground 
to pass through a 200* mesh sieve, and 7 grams of potassium pyro- 
sulphate are fused in a silica dish. When fusion is complete, in 
about ten minutes, the mass is cooled and then dissolved by gentle 
heating with sufficient 5 per cent, tartaric acid to make the bulk 
of the liquid up to about 200 c.c. Tin having been precipitated 
with hydrogen sulphide, the residue and the precipitate are collected 
on an ashless paper, washed three times with hot tartaric acid 
solution and once with hot water, dried, and ignited in a small 
silica or platinum crucible. 

During this process, a little zinc oxide is sprinkled on the bottom 
of a porcelain crucible of 15 c.c. capacity and covered with 2 grams 
of zinc filings. The ashed liltcr is mixed with zinc oxide and 
transferred to the crucible. A covering layer of zinc oxide and 
a few pieces of zinc is added. The total amount of zinc oxide 
required is about 0 5 gram. 

The charged crucible, covered with an inverted lid, is intro- 
duced into the furnace, previously heated to liHM)’, and is main- 
tained at this temperature for ten minutes. When cold, the lid 
is prised off and the contents of the crucible are treated with about 
50 c.c. of concentrated hydrochloric acid, 1 gram of potassium 
permanganate, and 10 grams of sodium chloride. r llie liquid i* 
gently heated until the greater part of the chlorine has been expelled 
and then boiled for fifteen minutes. 

The bulk cf the liquid at this stage ought to be 150 to 200 c.c. 
Ten .grams of antimony fragments aro added and a small funac 
containing two or three pieces of clean marble is inserted in 6 
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neck of the flask. The liquid is boiled for twenty minutes after 
the colour of the ferric chloride has disappeared, a small piece of 
marble is added, and the mixture rapidly cooled and titrated 
with the standard A/lOO-iodine after the addition of 2 c.c. of 
starch paste. 

A control experiment requires about 2 c.c. of the standard 
solution. 

When 2 grams of ore are taken for assay, the percentage of tin 
is given by the expression 100n//2, where n is the number of c.c. 
of standard iodine solution required in the titration, and / is the 
amount of tin corresponding to 1 c.c. of the standard iodine. 

Results .— The following table shows a comparison of results 
obtained by the original method (Powell’s) and by the modification 
described above ; the samples were obtained from different C hin ese 
mines. 


Sample. 

Powell’s 

method. 

Modified 

method. 

Sample. 

Powell’s 

method. 

Modified 

method. 

1 

0-04 

0-03 

5 

0-48 

0-53 

2 

0ri2 

0-09 

6 

0-58 

0-60 

3 

0-26 

0-23 

7 

0-77 

0-79 

4 

0-32 

0*33 

8 

0-85 

0-82 

The results, which are the average of two 

estimations 

in each 


case, agree very closely except in the case of sample 5. 

Antimony as Reducing Agent.— Antimony, the use of which as 
a reducing agent is well known, may replace with advantage the 
granulated lead employed in Powell's method. 

The following table shows the results obtained. 


Sample. 

Reduction with lead. 

Reduction 
with antimony. 

1 

0-46 

0-43 

2 

0*35 

0-31 

3 

0*70 

0-70 

4 

POO 

1-02 


I he reduction with antimony, except in case 4, gives lower 
results. This is attributed to the clearer solution obtained by the 
antimony reduction which enables the end-point to be perceived 
more sharply and therefore at an earlier stage. 

The Government Laboratory, 

Hongkong, [/frerimf, December llfft, 1922.] 
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GLXV. — The Swelling of Agar-agar. 

By Fred Fairbrother and Harold Mastin. 

A study of tho treatment of swelling in many text-books 
leaves the impression that, as regards its swelling in aqueous 
solution, agar-agar is affected by acids and by alkalis in much 
the same manner as gelatin, the two usually being considered 
together. Hatschek ( i[ Laboratory Manual of Elementary Colloid 
Chemistry/’ p. 50), under the preparation of an agar-agar sol 
states, A small addition — one part in 500 — of acetic acid is usual 
and promotes imbibition, but is not essential.” Bechold (“ Colloids 
in Biology and Medicine,” New York, 1919, p. 67) states, “ The 
influence of electrolytes on the swelling of gelatin, agar, pig’s bladder 
cartilage, and fibrin is very considerable. ... It may in general, 
be stated that acids and alkalis increase the swelling capacity to 
an extraordinary degree M (italics in original). 

The classical work on the swelling of agar-agar was carried out 
by Hofmeistcr {Arch. exp. Path. Pharm 1890, 27, 295), who, 
however, only examined the action of salts. The matter has also 
been studied from a botanical point of view by MacDougal and 
Spoehr ( Proc . Amer. Phil Soc. f 1920, 59, 150), by MacDougal 
{ibid., 1921, 60, 15), and by Jochcms {Be Imbibitie van phntmrdige 
Cehtanden in Oplossingcn van Electrolyte n, Diss., 1919, Amsterdam). 
Both workers found that, in general, acids and alkalis decreased 
the swelling, but MacDougal and Spoehr employed only a few 
different concentrations of each acid, and Jochcms used commercial 
agar-agar, which was not subjected to any process of purification. 
In neither of these cases can the matter be considered to have 
been exhaustively treated from the physicochemical point of view. 

As it seemed highly improbable that agar-agar, largely carbo- 
hydrate in composition, could behave in a similar manner as a 
protein, its degree of swelling in acids and in alkalis has been 
examined, and the effect of the nitrogen-containing constituent 
determined. The results show that agar-agar is very sensitive to 
the action of acids and alkalis, hut contrary to the case of gelatin, 
the swelling is very considerably repressed. Moreover, the small 
amount of nitrogenous matter plays an insignificant part in the 
swelling of agar-agar, which behaves essentially as an acid, forming 
salts, which are ionised in solution, but to what degree has not yet 
been determined. It is not amphoteric like a protein. 

The Chemical Constitution of Agar-agar. 

As in the case of gelatin, tho swelling of agar-agar can best be 
considered in the light of its chemical constitution. It is usual!) 
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referred to as S-galactan. It k a hemicellulose, which on hydrolysis 
with dilute acids gives chiefly d-galactose; other hexoses and 
smaller amounts of pentoses are formed at the same time. 

The ash content of agar-agar is high, as shown by the numerous 
analyses of Fellers ( J . Ind . Eng. Chem ., 1916, 8, 1128). Samec and 
SsajeviC (Compt. rend., 1921, 173, 1474) found that after three 
months’ dialysis, agar-agar still contained inorganic constituents 
in considerable quantity, Pauli {P finger's Archiv, 1897, 67, 219) 
and MacDougal (loc. cit.) claim to have used practically salt-free 
or ashless agar-agar, hut do not give estimations of the ash. 

The ash consists chiefly of calcium sulphate, with a small amount 
of magnesium sulphate and traces of other salts and silica. The 
behaviour of agar-agar on dialysis and the composition of its ash 
suggest a similarity between its chemical structure and that of one 
constituent of carrageen ( Chondrus crispus). Haas (Biockem. J. } 
1921, 15, 469) has shown that the ash content of carrageen cannot 
be reduced by dialysis below 14 0 per cent. The ash is principally 
calcium sulphate. In solutions of the original carrageen, calcium- 
ions are present, but not sulphate-ions. On ashing, only one-half 
of the sulphate is found in the ash, the rest being lost as sulphuric 
acid. This free acid causes blackening when carrageen is heated 
for some time at 100°. Haas concludes that the calcium and the 


sulphate are integral parts of the carrageen molecule, and are 
present as a sulphuric ester, R<Q.^Q 2 .Q>Ca. Neuberg and Ohle 

(Bioehern, Z ., 1921, 125, 311), examining the sulphur content of 
agar-agar, found that the sulphur present in its ash was less than 
one-half of the total sulphur of the original agar (estimated by 
fusion with sodium carbonate and potassium nitrate). The quantity 
of sulphur obtained as sulphuric acid on boiling with hydrochloric 
acid (strength not stated) for varying periods of time was little 
greater than that obtained in the ash. Their results are not very 
concordant. They conclude that the sulphur in agar-agar may be 
partly present in a form other than that of a sulphuric ester. 

The present work was almost completed when a paper appeared 


by tSainec and SsajeviC (KoU. Vhnn. Bciheftc , 1922, 16, 283) in 


which the authors, chiefly from a consideration of the increase 


of the electrical conductivity and the dialysable fraction of agar- 
agar on prolonged heating, conclude that it contains an ester of 
sulphuric acid and possibly of silicic acid. They state that the 
free acid is monobasic, and give to it the formula (C 6 H 10 O 5 ) 54 SO 4 H, 
The present work indicates that agar-agar contains, probably 


as its chief constituent, a sulphuric ester of calcium, and small 
quantities of the magnesium and other salts. The results obtained 
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on hydrolysis with hydrochlorio acid do not agree with those of 
Neuberc and Ohle. The following estimations were earned out on 
strip a^ar-agar, which was out up into small pieces about one- 
eighth to one-quarter of an inch long, in order to obtain samples 
as uniform as possible, but the results show that, even so, the 
sampling was not perfect, Santee and bsajevifc re or o the 
difficulty of obtaining concordant results, and probably the lack of 
concordance in Neuberg and Okie's figures is attributable to the 

The values given arc calculated on the original air-dned agar. 
The moisture content was 220 per cent, (estimated by drying at 
105°). 

Percentage of S0 4 in agar-agar. 


T. 

11 . 


In 

ash. 

1-43 

T40 


2 Grams heated with 
100 c.c. of 10% HCl at 
100 g for 6 hours. 
2-fll 
2 


Total sulphur bv Hemdict s 
method (oxiil. witli 
KC10 3 and CuSOj. 


2- - ■> 


That is to sav, nearlv the whole of the total sulphur appears as 
sulphuric acid on hydrolysis with dilute hydrochloric and. ^miliar 
results were obtained with various other batches of agar-agar. In 
agreement with the workers mentioned above, the agar pi urn 
found to contain ealeium-ions, but no >ulpl,a Con. On 
however, sulphate-ions were formed, probably as a n.-ult of the 
hydrolysis of the agnr : 

oh ,0 i (R-O-SO./Oya ^ 2UOU -r ra>0, r 

This hiking down of the agar takes place with great madimp 

in the presence of even dilute aeids. I he heating fm than 

• . 100° of 1 •’ per rent. >ol. 0-Ol.N with ivs]>eet to hulrc- 

minutes at HM) or a~p** f M | n } inr i r 

chloric acid, destroys its gelling power, and ,*-1* fn > u 
acid. Hydrolysis om.rs slowly even m dist.lM wan, at the 

ordinarv temjKTatnro. , , 

The calcium in the agar-agar may be n p aced p “ 

Vn lifar-auar ^ol was heated with a , 

pitSmn 1 “ulK the’ 

equivalent to the amount of < a . . , , () a ftw 

original agar-agar. The sol filtered very easily and - .1 

gel. a : i p-OSOvOH K v 

* Attempts vt-ri- huh!.* <<> prepare the n* • • ’j rfr 

soaking agar-agar in dilute hydrochloric acid (0 01. ) 
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alternately. Under these conditions, a gel was obtained which 
was almost ash-free (the silica remained), but which could not be 
melted without hydrolysis occurring, with the consequence that it 
did not set to a gel again on cooling. This was probably the free 
acid, which Is much less stable than its salts. Samec and SsajeviS 
state that their electro-dialysed agar-agar was very sensitive and 
decomposed easily. 


Experimenta l. 

The agar-agar used was the best strip obtainable. The strips 
were cut into pieces 1 in. to 2 in. long and thoroughly mixed. The 
swelling experiments were all carried out on one batch of agar-agar, 
the analysis of which was as follows : in the original agar-agar, 
moisture - 25*2, nitrogen - 0*25, ash - 3*51 ; after purification’ 
nitrogen = 0*15, ash - 1*25 per cent. The ash and the nitrogen 
are calculated on the weight of agar-agar dried at 105°. 

Purification -The methods of purification used by previous 
workers depend mainly on precipitation from a filtered solution of 
washed agar, by alcohol or acetone, and desiccation of the product, 
MaoDougal (foe. cit.) dialysed a hot filtered solution of agar-agar 
for ten days, poured it into a large volume of acetone, and dried the 
product with alcohol and ether; the product was stated to contain 
only traces of nitrogen and ash. KJostermann (Z. llyg . Infell - 
Krankh., 1921, 94, 202) has obtained nitrogen-free agar-agar 
hy hydrolysis with alcoholic potash. He states that the carbo- 
hydrate part is unaffected, whilst the protein is hydrolysed. For 
the present purpose, however, this method is undesirable, since we 
have found that even dilute alkali is not without effect on the 
chemical composition of agar-agar. More recently, Pekelharing 
{Proc. K. Akad. Wtttuseh. Amsterdam. 1922, 30. 309) found that the 
nitrogen content of agar-agar can be reduced from 1*6 to 0*39 
per cent, by heating a solution at about 50" for twenty-four hours, 
and filtering through Madding. He explains the reduction by 
supposing that the heating coagulates the protein matter, which is 
then filtered out. 

All successful methods of purification involve washing and 
tiation, and it would appear that these processes account for the 
greater part of the purification. Direct experimental confirmation 
°, * <se P°iBts was obtained. Ten grains of an agar-agar (B) 

" UC 1 con ^ a i n( ^d 0-41 per cent, of nitrogen (calculated on the 
Rejgit, of the dried product) were soaked in distilled water, which 
“ requently changed. The first 700 c.c. extracted 16*5 per rent. 

* . ^ ma t c rial very similar to agar-agar in appearance. This 
a tna '; dried at 105°, contained 0S2 per cent, of nitrogen. A 
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further 550 c.c. of water extracted only 4-7 per cent, of (dry) 
material. These results aro in agreement with those of previous 
workers (Konig and Bettels, l. Nahr. Genusm., 1905, 10, 457 . 
Fellers, Soil Set., 1916, 2, 255). Also, some unpublished results of 
the present authors on the solubility of strip agar-agar in water and 
dilute acids show a distinct minimum in 0 - 002 JV -hydrochloric acid, 
the curve being similar to that of gelatin, indicating that the soluble 
matter is, partly at any rate, protein in nature. 

Commercial agar-agar is contaminated by a considerable amount 
of foreign matter such as crude fibre, diatoms, sponge spicules, etc. 
The crude fibre is rich in salts and nitrogen, and consequently simple 
filtration reduces the nitrogen and ash contents relatively more than 

A 5 per cent, sol of agar-agar (B) was melted in a tall beaker and 
allowed to cool slowly so that the crude fibre settled on the bottom. 
It was found that the upper part of the agar-agar contained only 
0-37 per cent, of nitrogen, whilst the lower layer, including the 
crude fibre, contained 0-81 per cent, of nitrogen. 

The ash content of another sample of agar-agar was reduced from 
4-72 to 3-25 per cent, by filtration alone. Two weeks’ dialysis of 
agar-agar (B) and filtration reduced the nitrogen from 0-41 to 0-16 
per cent, and the ash from 199 to 2-38 per- cent. (The values 
are all calculated on the weight of the agar-agar, dried at 105'.) 

In the present work the agar-agar was treated as follows. Fifty 
crams of strip agar were dialysed against running tap water for 
t wen tv-one days; the addition of a preservative such as thymol 
was unnecessary, no trace of mould being formed. The washed 
strips were made up to 1.060 grams with water and heated uian 
autoclave at 120 for half an hour. After filtration, an operation 
generally requiring one or two hours, the clear solution, allowed to 
, ool to about .70', was poured into a mould, formed on a leve led 
sheet of plate glass by four thick glass strips which were ground to 
fit closely at the corner- The plate thus formed, on cooling, w 
about 20 cm. square by 0-7 cm. thick. Disks 3 4 cm. md***r 
were then cut out by means of a sharp cork hone lh.>c ™r 
soaked in several changes of distilled water and weie un ^ 
with frequent turning, on glass plates m an men >a o . - , 
tainintr a large dish of calcium chloride and a small ihctn • 
S fan gmatly accelerated the rate of drying and thus 
the formation of mould, w hich appeared on slower ^ 

tion was also much more uniform, and tin disks 
in thickness than in diameter on drying. 
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Reaction of Swelling Media. 

During recent years, prominence has been given to the effect of 
the hydrogen-ion concentration on the swelling and other properties 
of protein gels. The reaction of all the solutions used in these 
experiments has been determined, and is expressed in Sorensen's 
notation (p H ); this method facilitates the graphical representation 
of the results over the wide range of concentrations used. In the 
more concentrated solutions, the hydrogen- ion concentration was 
determined by means of the hydrogen electrode. When the solution 
was very dilute, however, its electrical resistance rendered the usual 
electrometric technique impracticable; in these cases, the reaction 
was determined by the indicator method, using for comparison 
jwrposes buffer solutions which had been cheeked against the 
hydrogen electrode. The latter method is open to question, both 
on the ground of the effect of the indicator on the reaction of a 
dilute unbuffered solution, and of the uncertainty of the effect on the 
colour of the indicator, of the much greater salt concentration in 
the comparison buffer solution. Control experiments, however, 
using dilute solutions of known concentrations, similar to those 
used in the experiments, showed that it was possible to estimate the 
reaction of even the weakest solutions, with an error generally of 
less than 0*2 p H . 

In Table II, under 1 Initial are given the values determined 
experimentally just before the agar-agar disks were put into the 
solutions. The “ Final p H ” values were determined under similar 
conditions at the end of the swelling time. In the case of the 
alkali solutions, particularly the more dilute, the initial p H does not 
agree with that calculated from the strength of the alkali, assuming 
the latter to be pure. This may be explained by the unavoidable 
contamination with carbon dioxide during the manipulation of the 
solutions and agar-agar disks. 


Estimation of SiccUing. 

The degree of swelling was determined by Hofmcister s original 
method. Weighed disks were allowed to swell in 200 c.c. of liquid 
n glass-stoppered jars, in an electrically controlled thermostat 
>vcn at 20°. Except in the experiments on the velocity of swelling, 
M disks were allowed to swell for three days. In view of the fact 
- at in water and in dilute solutions, agar-agar continues to take 
ip water for many weeks, a longer swelling time than three days 
might be^considered advisable ; but taking into account the magni- 
m e o the other unavoidable experimental errors, there is no reason 
0 suppose that such a procedure would materially atfcct the 
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relative swelling, since the velocity of absorption of water in the 
different liquids is, after the first few days, approximately propor- 
tional to the swelling. The swollen disks were removed by a 
section lifter, rapidly dried with filter-paper, and transferred to a 
stoppered weighing bottle. The disks were not damaged by the 
han d li n g, as is shown by the smoothness of the curves of velocity of 
swelling. It was not found necessary to add any preservative to the 

solutions. . 

In accordance with the experience of workers who have mvesti- 
gated the swelling of gelatin, it was found that the previous history 
of the gel markedly affected its power of swelling. In particular, 
tho time of heating during sol formation and filtration influenced 
the subsequent swelling of the gel. Samec and SsajeviC (foe. eit.) 
showed that the effect on the degree of dispersion of agar-agar (as 
measured by the osmotic pressure) of heating at 120° was compara- 
tively small during the first three hours, and that on further heating 
(three to five hours) the dispersion increasi d rapidly. The effect 
on the swelling of the gel of heating at 120° is similar. Heating for 
several hours causes a decrease in the amount of swelling in pure 
water and dilute solutions, the percentage swelling in the more 
concentrated solutions being affected to a somewhat less degree. 
Disks the preparation of which from the same lot of agar-agar 
differed only in the time the sol had been kept at 100° awaiting 
casting swelled to different extents in pure water; those which 
were cast last swelled least. This is the chief reason for the differ- 
ences in the percentage swelling in water shown in the tables. 
Prolonged dialysis of the agar-agar tended to have the same effect, 
in a less degree, as heating, on account of the partial hydrolysis of 


the agar-agar. _ ... f 

rn the following tables are given the degrees of swelling of agar- 
a<»ar purified bv dialysis and filtration. In Table I arc given the 
amounts of water absorb'd per cent, of dry agar-agar, m water 
O-OLY -hydrochloric acid, OOl.Y-sodmm hydroxide, and acclii acid 
(1 in o«K>), for varying periods. Those figures are plotted in ig. ■ 
In Table 1 1 are given the degrees of swelling of agar-agar in in ml 

amounts of water absorbed per cent, of dry agar-agar, to the »• - 
live units. In consequence of the above-mentioned fact tha 
very slight changes in tho thermal history of the ?ga™g" c , 

the degree of swelling, the amount of water absorbed ts also IP** 
in Table 11 as - Kelative swelling' ’ 

up in pure water, which is given as 1W. In any * ^ 

the series in Table I. the agar-agar disks were all r£P 
same time and treated alike throughout. Ncvertbel , 
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seen, occasional values (which are enclosed in brackets in the table) 
were obtained which do not lie on the curve given by the majority. 
These occur chiefly in the more dilute solutions, in which the reaction 
of the medium was more affected by the agar-agar itself and by 
absorption of carbon dioxide. 

Table I. 

Velocity of Swelling. 

Water absorbed per cent, of dry agar-agar. 


Time in days. 

1 

I 

2 

3 

4 

7 

14 

29 

Water 

7 GO 

1034 

1179 

1304 

1362 

1530 


1 77ft 

O-QliV -Hydrochloric 

acid 

467 

523 

525 

535 

544 

553 

558 


0*01A7-Sodiumbydr- 

oxide 

fiGl 

7 GO 

808 

855 

887 

940 

1009 

1085 

Acetic acid (1 in 500) 

400 

607 

671 

706 

723 

744 

789 

812 


2000 


£ 1500 
s 

l 1000 

■2 

S 500 

Bh 


5 10 15 20 25 30 

Time t'n 

On swelling, the pale brown colour of the disks disappears and 
they become white and opalescent, in contrast to gelatin, which 
becomes transparent and almost indistinguishable from the liquid. 
^Ihe surfaces in contact with the glass, during casting, and with 
the air, respectively, do not dr}’ quite in the same way, and the 
various phases are reproduced in the reverse order during swelling. 
A cylinder with concave and convex ends is the usual form. By 
the third day, when the greater part of the swelling has taken place, 
the disks will have assumed their tinal shape ; if the swelling is 
sufficient to restore their original concentration, their appearance 
will he exactly as it was when they were stamped out. 

Ihe relative swelling is plotted against the final p u in the cases 
of hydrochloric acid, sodium hydroxide, and barium hydroxide on 
the graph (Fig. 2). The swelling decreases continuously in hydro- 
chloric acid, almost as a linear function of the negative Ibgarithm 
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Table II -The Variation of Swelling of Agar-agar in Solutions of Different Concentrations. 
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of the hydrogen-ion concentration. The values for the relative 
swelling in acetic, sulphuric, oxalic, and phosphoric acids, when 
plotted, lie close to the hydrochloric acid curve, the relative swelling 
at a given value of p H being of the same order in each of the acids. 
There is no evidence that the relative swelling at a given p H is any 
less in sulphuric acid than in the other acids, as was found by Loeb 
(J. Gen. Physiol 1920, 3, 247) to be the case for gelatin. 

On the other hand, in sodium hydroxide solution the relative 
swelling shows a maximum, greater than the maximum swelling in 
wa ter. This may be due in some degree to the fact that the water 


Fio. 2. 
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was always slightly acid owing to absorption of carbon dioxide, 
and also to partial replacement of the calcium in the agar-agar, 
by sodium. An agar disk, when allowed to swell in 0'01J\ -sodium 
hydroxide and in water alternately, for a number of changes, 
swelled more than in either separately, and a subsequent analysis 
showed that the calcium had been entirely replaced by sodium. 

The swelling is depressed in baryta solutions, but in view of the 
difficulty of excluding all contamination with carbon dioxide, one 
cannot say if in all cases the swelling is less than in water. Onty 
in one case, in several series of experiments on the swelling in 
baryta, solution, did the disks in the dilutes! solutions swell some- 
what more than in the corresponding water solutions. There is no 
vol. exxm. 3o 
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doubt, however, that agar-agar swells to a much less degree in dilute 
baryta than in sodium hydroxide solution of the same concen- 
tration or p n . 

The relative swelling in dilute ammonia showed a pronounced 
maximum, greater than that in sodium hydroxide solution, but lying 

at about the same p H . Owing to the difficulty of measuring* the 
p, t of more concentrated ammonia solutions, a complete series of 
experiments was not carried out. 

Agar-agar from which the nitrogen had been further removed Ky 
tryptic digestion showed no difference from agar-agar treated as 
above, as regards swelling in acid or alkali. This demonstrates 
the small part which the remaining nitrogenous constituent plays 
in the swelling. 

Also agar-agar of the same batch, made up into a sol and cad 
into disks without dialysis or tiltrat ion, showed qualitatively the 
same decrease of swelling in acids, although in consequence of thy 
shorter time taken in its preparation, the disks in each case swelled 
to a greater extent. 

Conclusion , 

Agar-agar appears to consist principally of the calcium salt of 
an acid sulphuric ester, (R’OSOjfOya. The effect of acid is to 
produce a reversible equilibrium of the type 

(R-0*«0 2 *0) 2 Ca -f 2HCI - ’ 2K-OSO,-OH + Call.,, 

the calcium salt and the free aeid sulphuric ester being ionised to 
some extent. The free aeid swells less in water than the calcium 
salt, and its ionisation and swelling are further diminished by the 
presence of acid. When an agar-agar disk is allowed to soak 
alternately in water and in dilute hydrochloric acid (OOLV), the 
calcium is almost entirely removed. The swelling of the product 
is much less in water than that of the calcium salt .is decreased by 
acids, and shows a maximum in dilute alkali solution. 

When agar-agar is heated with dilute alkali solution, it darkens 
in colour, particularly with ammonia, which blackens it very 
quickly. The brown substance produced by caustic soda can he 
entirely washed out in a few days by dialysis. The darkening is 
not due to free sulphuric aeid, for the addition of acid of a greater 
concentration than could possibly be produced by hydrolysis of the 
agar causes no darkening on ladling. 

The theory that the swelling of agar-agar is principally governed 
by the chemical behaviour of the sulphuric ester is supported bj 
the results of Kruyt and Jong {Z. physihil. Chem W22, 100, -$)> 
who obtained stoieheiometrical relationships for the effect o 
different kations on the viscosity of agar-agar sols, fhey date 
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“ Wir haben nun ausfuhrliche Untersuchungen am Agarsol angesteilt, 
(Ja^ ein hoheres Koldenhydrat und deshalb keinesfalls tin Elektrolyt 
ist, dennoch aber tin typisches lyophiles Sol liefert.” Owing to 
this assumption, they had some little difficulty in explaining their 
results, which follow at once from the present theory. 

Further evidence in support of the foregoing theory of the com- 
position of an agar-agar gel is afforded by its behaviour as an electro- 
osinotic diaphragm. Several workers have observed that no reversal 
of the direction of How takes place when the diaphragm is acidified. 
This has been confirmed, and the explanation follows immediately 
from the above theory. In the neutral state, the micellae consist of 
undissociated salt and sulphuric ester-ion, both possibly polymerised, 
[H 2 0]x[(R*0d30 2 *0} 2 Ca]^R 4 0*S0 2 *0'],. 

The calcium-ions exist in the intermicellar spaces. On applying 
an external electromotive force, the w ater will move to the cathode. 

When acid is added, the calcium is partly replaced by hydrogen 
so that the composition of the micella; will be 

[H 2 0M(R*0-S0 2 4 0) 2 C\l i [R-0‘80 2 ‘0H] m [R-0*>S0 2 *0'] nj 

that is, the product will still be electronegative. 

In the presence of alkali, the calcium is partly replaced by the. 
alkali metal, and the micellae will consist of 

[H 2 0] fl [(R-0%S0 2 4 0) 2 CaM R, 0’S0 2 -OXa] c [R , 0 , 80 2 4 0 / ] i . 
Through all these changes the colloid complex remains negatively 
charged with respect to the water, and therefore the direction of 
clectroendosmosis will be towards the cathode. 

Summary. 

1. Agar-agar consists principally of the calcium salt of an acid 
sulphuric ester, which is considered to be ionised in the sol and the 
gel states. 

2. The corresponding potassium salt and the free acid have been 
prepared. The potassium salt forms a very firm gel. The free 
acid decomposes readily on heating. 

3. Agar-agar has been purified by dialysis and filtration, and the 
degree of sw*elling of the purified agar-agar in various solutions 
has been determined, 

4. Agar-agar behaves quite differently from gelatin as regards its 
swelling in acids and alkalis. 

5. Acids decrease the swelling, which is nearly proportional to 
the p u of the solution. The effect of hydrochloric, sulphuric, 
oxalic, acetic, and phosphoric acids is almost the same at th( 
same p H . 

fi. Agar-agar swells more in very dilute caustic soda solution 
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than in water ; in more concentrated alkalis the swelling is less than 
it is in water/ Agar-agar swells much less in baryta solutions than 

in water. , _ , ir , 

7 These results support the view that the swelling of agar-agar 

is governed by the chemical reaction between the medium and the 

8U 8 Ph The behaviour of agar-agar as an electroendosmotic diaphragm 
further supports the theory that the framework of an agar-agar gel 
consists of hydrated undissociated sulphuno esters and the elec- 
tronegativc sulphuric ester complex. 

The authors beg to thank the Department of Scientific and 
Industrial Research for a grant to one of them (H.M.) which enabled 
part of the above work to be carried out. 


Chemical Laboratories, 

The University, Manchester. 
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CLXVI— The Action of Sulphuryl Chloride on Organic 
Substances. Part II. 

By Thomas Harold Durban s. 

Tut action of sulphurvl chloride on more complex bmenoid 
substances than the simple mono-substituted derivatives of benz- 
ene previously investigated (T„ 1922, 121, 44) has been examine! 
under the conditions of experiment therein laid down, except 

where otherwise stated. 

The table shows briefly the results obtained. 


Organic substance. 
Benzyl benzoate. 
Benzyl Acetate, 
lknzii. 

Anisole. 

SaJicylaldehydo. 

Anwaldehyd*-. 

t innainaldehyd' . 

i'mnamir ft* id. 
Anthnuulf t»« el. 
Anethole. 

M* thylclmvi' ol. 


Products. 

Benzyl chloride. Benzoic acid. 

Tra« rS of acetic anhydride and benzoic aciu. 
No m'tion. 

2:4: ti-Trichloroanisolc. 

.VL'hlorosrtl icy laid'* hyde. 
a : ,'i- 1 lichltToanirsaltichyd*’. 
aS-Dehoro-fl-phenylitrttpaldchyrl'-. 

«H )irhlon.-3 pht nyh'r'>piomo and. 

hloru- J-imnnoln’iizoif »e id. 

A li t r*e hliiroam tied'*. 

,\ t«'t ru« hl< irtmi' t h\ lfliav icnl. 


The positions of .be chlorine atoms in the last two H«** 
have not yet be.li satisfactorily defined. 

mmt »«*»-££?*** ? 

to benzyl benzoate (m. p- 19 , 1 mob), 'cry 
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took place. After three days, the excess of sulphuryl chloride 
having been removed by distillation, the remaining liquid gave 
two main fractions and a black residue ; the small, first fraction, 
distilling up to 80° /1 5 mm., was identified as benzyl chloride, 
the second fraction, b. p. 140 — 190°/] 5 mm., as benzoic acid. 

It is probable that benzoic anhydride is one of the products of 
the reaction, but the low vapour pressure of this substance (b. p. 
360°) necessitates for its distillation a temperature which, in presence 
of traces of sulphur trioxide, is favourable to decomposition, water, 
and therefore benzoic acid also, being produced. 

Benzyl Acetate . — A mixture of sulphuryl chloride (4 mols.) and 
benzyl acetate (1 mol.) was gently boiled under reflux for about 
eight hours and then fractionally distilled. After removal of the 
excess of .sulphuryl chloride, two fractions were taken boiling 
approximately at 48 /12 mm. and 95*710 ram., the second being 
comparatively large. The first fraction boiled under atmospheric 
pressure at 118°, the temperature rising rapidly to 135', and had 
all the characteristics of acetic anhydride. The second fraction, 
b. p. 21 2 — 21G°/760 mm,, was unchanged benzyl acetate. The 
residue remaining from the original distillation gave a sublimate 
of benzoic acid, m. p. 120 . 

Benzyl acetate is, in the main, unattacked by sulphuryl chloride 
under the conditions of the experiment, only small quantities of 
acetic anhydride and benzoic acid being produced. 

Benzil - -Sulphuryl chloride (7 mols.) was distilled on to benzil 
(1 mol.), when solution took place with a slight absorption of 
beat. After three days, the excess of sulphuryl chloride was 
slowly distilled off, and the residue poured into water. The yellow 
solid obtained proved to he benzil in almost unchanged amount. 

Anisolc . — Peratoner {Gazzdta. IMIS, 28. i, HIT) found that 
p-ehloroanisole is the product of the reaction between sulphuryl 
chloride and anisole. while Eoesekcn (Bee. trav. chini .. 1911, 30, 
2, Si), using aluminium chloride as a catalyst, obtained a chloro- 
anisole and dianisyl sulphoxide. Hugounenq (Jw«. ('him. Phy$., 
1890 , [vi], 20, 521) obtained a tricldoroanisnle. m. p. 00‘5\ by the 
action of chlorine on anisole. It has now been found that impure 
sulphuryl chloride can be made to yield the triehloroauisole of 
Hugounenq, probably by virtue of its partial dissociation into 
sulphur dioxide and chlorine (compare Trautz, 2. Ehliroch m., 
1908, 14, 534). 

Commercial sulphuryl chloride was mixed in large excess with 
anisole ; a solid substance formed which subsequently dissolved 
in the excess of sulphuryl chloride. The solution was heated 
under reflux for several hours, and the excess of sulphuryl chloride 
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then slowly distilled off. The residue was poured into water and 
after purification melted at 60° (Found : Cl = 50*12. Calc, for 
C H OC1 , Cl = 50*36 per cent.). The substance is identical with 
that 6 obtained by Hugounenq (toe. cit.) and is 2:4: 6-trichlor<»- 
anisole. 

SalicyUiMehjde .— Sulphuryl chloride (5 mob.) was distilled on 
to salicylaldehyde (1 mol.). Vigorous reaction ensued, much heat 
being evolved, and the mixture passed through a series of colour 
changes, from purple to red, orange, and finally to yellow (compare 
Silberrad, T., 1921, 119, 2030). After about half an hour, the 
mixture solidified. The excess of sulphuryl chloride was distilled 
ofi; the residue boiled at about 105*712 mm. The distillate, 
crystallised from benzene, gave long, flat needles, m. p. 100°, of 
5 -chlorosalicy 1 aldehyde , identical with the compound obtained in 
a similar wav by Peratoner (toe. cit., p. 235) (Found : C = 52*53 ; 
H = 3*37. Calc., C = 53*67 ; H = 319 per cent.). The crystals, 
oxidised with chromic acid mixture, gave a small yield of 5-chloro- 
salicylic acid, m. p. 172°. 

Anisaldehyde. — Vigorous action occurred when sulphuryl chlonde 
(9 mols.) was distilled on to anisaldehyde (1 mol.), and the mixture 
rapidly darkened. After remaining for three days at room 
temperature, the sulphuryl chloride was slowly distilled off. 
From the residue was obtained a large fraction, boiling at about 
149°/ 11 mm., which solidified on cooling. The bright red solid, 
after crystallisation from alcohol, melted at 61*5% was odourless 
and colourless, and had the properties of an aldehyde (Found: 
C 46*95; H - 2*96; Cl - 34*77. C 8 H 6 0/1, requires C« 
46*8° H 2*93; Cl — 34*03 per cent.). Oxidised with chromic 
acid "mixture, it gave an SO j*T cent, yield of an acid, m. p. 202- 
202 - 5 =, which, by the melting point «! the mixture, was identified 
as 3 : 5-diehloroanisie acid (compare Heineeke, Z.Chan., 1866,366). 
On boiling this acid with concentrated hydriodic acid, 3 : ..-Uichloro- 
4 -hydroxvhenzoic acid, m. p. 2C.V (con.), was obtained (compare 
Mazzara, Gazzrlta, 1S99, 29, i, 3S8; Tarugi, ibid., 30, u, +■», 
Bertozzi, ibid., 29, ii, 39). 

The 3 : o-dichloroanisaUch^U, similarly treated with 

acid, yielded 3 : .Vdichloro-i-hydroxylunzaldehyile, m. p. 1-* 

odourless, white solid (compare Anwers and Kcis, 

'it is evident that the product of the n-aetiou 
aldehyde and sulphuryl chloride is 3 : a-dichlnioan > . 

of anisaldehyde amx-ars to hau 


No dichloro-derivativ 
previously known. 
Cinnamaldehydf 


appears 

’he reaction between ciwmmaWehjdt an 
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sulphuryl chloride was very vigorous, free chlorine being liberated 
along with sulphur dioxide. The product, obtained in good yield, 
was a liquid, b. p. 151— 153°/20 mm., which would not solidify 
when cooled to — 12° and had a sharp, weak odour reminiscent of 
ozone. It would not readily yield chlorine to alcoholic silver 
nitrate solution (Found: C = 52*76 ; K^3*79; Cl = 34-88. 
C 8 H 8 0C1 2 requires C = 53-20; H = 3'94; Cl = 34*97 per cent.). 
The substance can be readily oxidised with nitric acid, and difficultly 
with chromic acid mixture, to yield an acid which on hydrolysis 
with sodium hydroxide solution gives w-chlorostyrene. 

It seems evident that the compound formed by the action of 
sulphuryl chloride on cinnamaldehyde is a£-dichloro-{3-pheny]prop- 
aldehyde, although the properties of the product obtained as 
above are not in agreement with those recorded by Naar {Ber., 
1891 , 24, 246) for this aldehyde. Naar states that it is a crystalline 
solid which has lachrymatory properties, and gives off hydrogen 
chloride very readily, thus making accurate analysis difficult. 

Cinnamic Acid . — Sulphuryl chloride (4J mols.) was run on to 
cinnamic acid (I mol.); the acid dissolved, but no reaction was 
observed. After six weeks, the excess of sulphuryl chloride was 
removed and the residue poured into water. The solid thus 
obtained, after purification, melted at 167 — 168 c and was sparingly 
soluble in carbon tetrachloride or carbon disulphide (Found : 
Cl = 3217. Calc, for C 9 H 8 0 2 C1 2 , Cl - 3242 per cent.). 

The product, hydrolysed with sodium hydroxide solution, yielded 
an oil, b. p. 83°/18 mm., having the characteristic hyacinth odour 
of u-chlorostyrene (Found : C = 68*65; H — 5*12. Calc., C = 
69 31 ; H — 5*05 per cent.). 

From the aqueous alkaline solution remaining after hydrolysis, 
ot-ehloroeinnaraic acid, m. p. 139', characterised by its extraordin- 
arily high solubility in many organic solvents, was isolated. This 
acid ig evidently a-chlorocinnamic acid (compare Sudborough 
and James, T., 1906, 89, 105) (Found: 0 = 5916; H = 3-94. 
Calc., C — 59*17; H — 3*83 per cent.). 

The product of the reaction between sulphuryl chloride and 
cinnamic acid is therefore ap-dichloro-S-phenylpropknic acid. 

Anthranilic Acid . — Saturated acids are. in general, not acted on 
by sulphuryl chloride, but the highly basic nature of anthranilic 
acid causes it to react readily. 

Sulphuryl chloride (4 mols.) was distilled on to anthranilic acid 
(1 mol.). Action commenced immediately and a white solid 
sublimed. After a short period, the excess of sulphuryl chloride 
was distilled off, a light bluish -green, insoluble solid remaining. 
This solid, which was almost completely soluble in sodium hydroxide 
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solution and was reprecipitated therefrom by acids, crystallised 
from benzene in needles, m. p. 223° (Found : C = 41 ’23 ; H = 2*54; 
Cl = 33*78. NH 2 *C 6 H 2 C1 2 *C0 2 H requires C = 40*77 ; H^2*42; 
Cl = 34*46 per cent.). The substance was converted by recrystallis- 
ation from glacial acetic acid into a solid, m. p. 278 , which was 
probably the acetylamino-derivativc. 

The dichloroamino-aeid boiled at about 260 , prolonged boiling 
causing the boiling point to decline to about 247°, with evolution 
of carbon dioxide and formation of 2 : 4-dichloroaniline (compare 
Dorsch, J. pr . Chem 1886, [ii], 33, 52; Franke, ibid., 1801, [ii] f 
44, 432). A substance obtained in small quantity from the 
original reaction mixture had an olive-green colour, melted at 
277°, was insoluble in acids and alkalis and in most organic solvents, 
and left no ash on ignition. The amount of the substance was too 
small to allow it to be identified. 

The main product of the reaction between sulphuryl chloride 
and anthranilie acid is therefore 3 : 5-dichloro-2-aminobenzoic acid. 

Since this work was completed, Filer and Klemm (Bcr., 1923, 
55, [B], 2177) have obtained first 5-chlorn-2-aminobcnzoic acid and 
finally 3 : 5-dichloro-2-aminobenzoie acid by acting on anthranilie 
acid with sulphuryl chloride in ethereal solution. 

A net holt -. — Sulphuryl chloride (6 moK) was distilled very slowly 
on to anethole (1 mol), a very vigorous reaction taking place. 
After forty-eight hours, the excess of sulphuryl chloride was removed 
and the residue distilled under diminished procure. By repeated 
fractional distillation, a large yield of colourless, nearly odourless, 
crystalline solid was obtained, in. p. 70*o , b. p. 191" l 
mm. (Found: ( ^ 1107, 41*50: H -365, 3*38: Cl -odd. 
C 10 H 10 (K:i 4 requires C - 41*66; 11 317 ; Cl- 4t»*3 ])cr cent.). 

The substance on boiling with alcohnlie silver nitrate solution 
loses one atom of chlorine (Found: loss 12*45. Calc., loss- 
12*32 per cent.). 

Boiling with A-alcoholie sodium hydroxide yields a substance, 
b. p. 164720 mm., m. p. 36°, having a very faint odour resembling 
that of amyl salicylate (Found : C 47*62 ; H 3 oS, ( io^$^3 
requires C = 47*72 ; H = 3*57 per cent ). 

It does not seem possible that this substance can be the tm i oro 
derivative described by Dam ns (< ompt. mid., 181)7, 124, aWJ, 
although the melting points are similar. 

The* constitutions of these two substances ha\o n«>t > f 
satisfactorily established. , y n 

Methylchai'icolf— Sulphuryl chloride (4 niols.) was ^ 

to methylehavioole (1 mol), reaction immediately ensuing. - 
fractional distillation, a liquid was obtained which bode a 
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mm., but would not solidify even at - 15° (Found ; C = 41*66 ; 
H =* 3*47 ; Cl — 49*57. C ia H 10 Cl 4 requires C = 41*53 ; H == 3*56; 
Cl = 49*30 per cent.). This tetrachloro-derivative is different from 
that obtained in a similar manner from anethole and has not yet 
been identified. 

The Dyson Perrins Laboratory, 

Oxford. [Received, April 28 th, 1923.1 3 


CLXVII . — Investigations of the Chromates of Thorium 
and the Bare Earths. Part L The System 
Thorium Oxide-Chromic Anhydride-Water at 25°. 

By Hubert Thomas Stanley Britton. 

Palmer (Amer. Chem. J. t 1895, 17, 374) was the first to prepare 
thorium chromate trihydrate. He obtained it by the action of 
chromic acid on thorium hydroxide and also by the action of a 
solution of potassium dic-hromatc on one of thorium nitrate. Using 
potassium chromate, however, be found that the precipitate 
obtained gradually changed into the crystalline thorium chromate,. 
The only analysis given of such a precipitate was of one which 
had been obtained by the interaction of potassium chromate and 
thorium nitrate in the molar proportion of 3 : 1. This precipitate 
was dense yellow and when dried at 100° corresponded with the 
formula Th(0H) 2 Cr0 4 . The production of this substance led him 
to believe that it was the intermediate stage in the formation of 
the hydrated thorium chromate. Haber (Sitzuvgsber. K. Akad. 

Wien, 1897, [ii6], 106, 690; Monatsh., 1897, 18, 687) also 
prepared thorium chromate by using similar methods. He does 
not seem to have investigated the precipitates formed by the action 
of neutral alkali chromates on solutions of thorium salts, other 
than to remark that the precipitates thus obtained were not 
crystalline. The thorium chromate, when examined microscopic- 
ally, was found to be in the form of rhombic leaflets. These 
cry stab were insoluble in water, but were soluble in moderately 
concentrated mineral acids. Moreover, he directed attention to 
the fact that the salts precipitated from solutions of thorium and 
zirconium salts by means of solutions of either chromic acid or 
alkali dichromates were characteristic, as these reagents produced 
no precipitates from solutions of the cerium and gadolinium earths. 
Later, Muthmann and Baur (Her., 1900, 33, 2028) found that 
potassium chromate provided an excellent reagent for the purification 
of commercial thorium nitrate. H a solution of potassium xhromate 
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is dropped carefully into a boiling solution of thorium nitrate, 
first thorium will be precipitated completely as chromate and 
afterwards some rare earths begin to appear, indicated by a change 
in colour of the precipitate. This was the principle of Baur’s 
process (D.R.-P. 120012, 1900). 

The relative insolubility of thorium chromate renders it quite a 
useful compound. The product obtained from the acid solution 
is finely crystalline and therefore can be easily washed. On the 
other "hand, the precipitate generally obtained by the addition of 
potassium chromate to solutions of thorium salts is of an extremely 
variable nature, dependent on both the concentrations and tem- 
perature employed. Sometimes it is floceulent* and diilicult to 
filter and sometimes granular and easily washed and tiltered. Thebe 
precipitates arc basic and appear to have no fixed composition. 
Under certain conditions, however, it is possible to obtain the 
normal thorium chromate {vide infra). Whereas the precipitation 
of thorium as basic chromate is complete when sufficient potassium 
chromate has been added, that of the trihydratc by means of 
potassium dichromate or chromic acid solution is incomplete and 
has been found to depend on the acidity of the solutions. Con- 
sideration of the solubility product led to the belief that the 
precipitation of crystalline thorium chromate would be enhanced 
by increasing the concentration of the chroinate*ion. I his was 
found to be true in the case of aqueous solutions of thorium ehroiuatc 
to which potassium chromate had been added. When, however, 
dichromate or free chromic acid was added, the relatively insoluble 
thorium chromate became remarkably soluble, especially in the 
more concentrated solutions of chromic acid, lhe isotherm at lo 
of the system in question was therefore investigated and the 
explanation of this behaviour was found in the formation of an 
acid thorium chromate, the composition of which was arrived at 
by extrapolation by the residue method of Schmnemakers from 
the phase diagram and agreed with the formula 
Th(( , ri> 4 ). i ,,<'ri) 3 ,3HjO 

or Th<j,^ On referring to the phase diagram, it will 

be observed that this new compound is decomposed hy water. 
The first formula is obviously the correct one, for the conipoun 
can exist only in equilibrium with highly concentrated t bromic 
acid solutions and is consequently an acid salt. No attempt 
made to isolate the salt from the mother-liquor. ^ 

Because of the slight solubility of thorium c hromate, the following 
work falls into two sections : (l) the solubility of thoriumchroim 1 
solutions ,of chromic acid, and (2) a consideration of the s11 )>tailC 
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obtained from the interaction of thorium hydroxide and chromic 
acid when in the respective molar proportion not greater than 
2 : 1, that is, the formation of basic salts, if any. 

Experimental. 

Preparation of Materials .— For the first part of the work, it was 
considered better to use as starting material crystalline thorium 
chromate, instead of thorium hydroxide, since this generally retains 
adsorbed substances which are extremely difficult to extract. 
Thorium chromate W’as crystallised from a boiling solution of 
thorium nitrate which contained a small excess of either potassium 
dichroraate or cfiromic acid. High concentrations of the latter 
reagents gave negligible yields. 

The chromic anhydride used was of the “ A.R. ” standard, and 
was free from sulphuric acid and other acids as indicated by the 
ordinary tests. 

Methods of Analysis .— The chromic acid was estimated by titrat- 
ing the iodine liberated when excess of potassium iodide had been 
added in the presence of moderately concentrated hydrochloric 
acid. 

The thoria was estimated by precipitation as oxalate. As was- 
shown by Hauser and Wirth ( Z . angew. Chan., 1909, 22, 484; 
Z. anorg . Chem., 1912, 78, 75), the solubilitj r of thorium oxalate 
in dilute mineral acids, oxalic acid, and ammonium oxalate solutions 
may give rise to appreciable errors in the estimation of thoria. 
Hence before investigating the oxalate method, the precipitation 
by means of ammonium hydroxide was examined. After one pre- 
cipitation, the precipitate was yellow* and contained much chromate. 
Even after the precipitate had been dissolved in dilute nitric acid 
and repreci pita ted with ammonia and this process repeated six 
times, the final precipitate was far from being free of chromate. 
When dried and analysed, it was found to contain thoria and 
chromic anhydride in the molar ratio of 1 : 0’485 and also 
contained some ammonia and nitrate. Microscopic examination 
revealed that it was made up of amorphous particles and exceed- 
ingly small rhombic crystals. Hydrogen-ion measurements have 
shown that both thorium hydroxide and the basic chromate of 
thorium are precipitated at the same hydrion concentration. 
Consequently, in the presence of chromate thoria cannot be estimated 
by precipitation as hydroxide. 

The following method was found satisfactory. The precipitate 
is dissolved in the minimum amount of dilute hydrochloric acid, 
a small excess of saturated oxalic acid solution added in the cold, 
and the mixture boiled until effervescence ceases and thef solution 

3c*2 
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has become green. The precipitate is collected immediately, 
washed, and ignited. The precipitation is quantitative, much of 
the oxalic acid having been utilised in effecting the reduction of 
the chromic acid and then holding the chromium in solution as a 
complex oxalate. In the case of liquid phases, no hydrochloric 
acid is, of course, necessary. By boiling, precipitation was found 
to be complete in a few minutes, and thus there is no reason for 
keeping over-night, as is often recommended. When precipitated 
in the cold, the thorium oxalate was free from foreign matter, but 
when precipitation was effected from boiling solutions there was 
a distinct tendency for the oxalate to be accompanied by some 
thorium chromate. The above method is ver^ satisfactory, for 
much of the excess of oxalic acid which tends to render the pre- 
cipitation incomplete is destroyed. 

I. The Solubility of Thorium Chromate in Chromic Acid Solutions, 
Pure crystalline thorium chromate was added to warm solutions 
of chromic acid of different concentrations in quantities sufficient 
to saturate them. These solutions were placed in a thermostat, 
regulated at 25', and were mechanically stirred for several days 
until equilibrium had been reached. The solubility of thorium 
chromate in water was obtained by stirring the crystals with water 
for a month. The univariant points were obtained by stirring 
liquid phases, the compositions of which were very nearly those 
of the required liquid phases, with their respective residues con- 
taining the acid chromate, and excess of the other appropriate 
solid phases. The analyses of the residues refer to those left in 
the bottles after the liquid phases had been poured off. It Mas 
not possible to separate more of the adhering mother-liquor by 
filtration through filter-paper on account of the chromic acid 
present. The following table contains the data obtained, which arc 
represented graphically in I ig. 1. 

The branch Mi of the system represents liquid phases m 
equilibrium with thorium chromate trihydrate as indicated b\ the 
point in which the tie-lines intersect. It will be seen that with 
increasing concent ration the relative amounts of chromic acu 
required to keep the thoria in solution gradually become 
until at li the liquid phase attains equilibrium with two wfl 
phases — thorium chromate trihydrate and the arid ( uxina e 
It is perhaps worth mentioning that the cum* A IS T u ' 01 ^ . 
and the ThU 2 -(T() 3 axis intersect at a point which approxim* 
corresponds to the ratio of 1 mol. of UiO a to 3 1110 ^ L ? 
which happens to be the ratio in which the two oxbks ocCl ^ 
acid chromate. The section BC represents liquid p asesi 




Fig. 1. 
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respective residues. This point indicates the composition ThO, 
42-8, Cr0 3 4S-7, and H 2 0 8*7 i>er cent., as compared with the 
calculated percentage composition of Th(Cr0 4 ) 2 ,Cr0 3 ,3H 2 () — Th0 2 
42 76, Cr0 3 48-51, and H 2 0 8*73 per cent. Microscopic examination 
of the residue containing the acid chromate showed that the latter 
was made up of crystals which were square in section, which may 
have been either the basal section of cubic crystals or a section 
of tetragonal ones. As the line XA does not intersect the curve 
H(\ the acid salt will be decomposed by water, f represents tin- 
liquid phase in equilibrium with the two solid phases the a<-i«| 
chromate of thorium and chromic anhydride. The liquid phase- 
represented by the point <' was extraordinarily viscous and com 
sequent ly difficult to manipulate. It was almost impossible t„ 
eliminate entirely from tin* liquid phase small suspensions of the 
solid phases. 'Hie values, which had become constant, taken for 
the liquid phase and its residue are those of analyses made after 
the phases, having lirst been stirred for a but night, had stood 
undisturbed f< >r a month. 


II. litisir f hivumt* s. 

If thorium hydroxide is as|>endt'd in a liilnte solution of chromic 
;uid, it will he converted gradually into the normal eliminate, 
the change occurring more rapidly on hoiling. No basic salt of 
definite composition has been found. Tin- composition varies, 
gradually approaching that of the normal chromate, but the con. 
version is complete only after long boiling. Tints substances 
which hail become apparently crystalline, on analysis were found 
t„ 1 r. somewhat basic, for example, one sample corresponded to 
1 mol. of ThO,. I S mols. of < rt> 3 . and HO mols. of H,0, evidently 
due to some hydroxide having Uvn occluded by the crystals of 
the normal chromate. 

The action of potassium chromate solution mi a solution of a 
thorium salt provides a convenient method of studying the form- 
ation of the basic precipitates thereby produced. The precipitates 
are of variable eotn|M.sition and also the amounts of thorium ]>rr- 
eipitated depend on the concentrations of the reactants, h* 
example, on mixing iW e.e. of thorium nitrate solution eentamun 
millimnla.. and WO e.e. of potassium chromate solution. • 
taming • > milltmols.. .V.l-3 per cent of the thorn. ,m-s.;n t 
eipitatisl, the precipitate eontammg thorium oxu • ■ ^ 

anhydride in the r.s,Hetive molar proportion of " <■- 

excess of potassium chromate, however pnsluccs a ^ 
precipitation of the thorium. If the change m •'<>'“ b 
concentration during the pa lpitation of basic tbonun, rim** 
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is followed when potassium chromate is added slowly to a solution 
of thorium nitrate, it will be observed that while those portions 
of potassium chromate are being added which are insufficient to 
cause permanent precipitation there will be a gradual diminution 
in the hydrion concentration, until the concentration is reached 
necessary for the formation of a precipitate. 

At this point, further addition of potassium chromate will pro- 
duce further precipitation, but during the greater part of this 
process the hydrogen-ion concentration will remain constant. It 
is important to note that the concentration required for the 
precipitation of the basic thorium chromate is also that required 
for the precipitation of thorium hydroxide from solutions of thorium 
salts of like concentration by means of alkali. (An account of 
the work on which these statements arc based will be published 
later.) It- therefore seems probable that the basic chromates of 
thorium arc really mixtures of thorium hydroxide and thorium 
chromate. In other words, these basic chromates may be regarded 
as so-called adsorption compounds, or, taking into account the 
slight solubility of the normal thorium chromate, as having been 
produced by the simultaneous precipitation of both the hydroxide 
and the chromate. The basic chromate which Palmer claims tq 
have isolated is a special case of such a mixture. 

In concluding, reference should be made to the behaviour of 
solutions of thorium salts to which potassium chromate has been 
added in quantities insufficient to give a permanent precipitate on 
account of the acid which is liberated by hydrolysis. On standing 
at room temperature, if the concentration is sufficiently great, 
crystals of thorium chromate tri hydrate will be deposited slowly; 
but deposition occurs almost immediately from the boiling solution. 

The author desires to take this opportunity of recording his 
thanks to the Chemical Society for a grant from the Research Fund. 

University of London, 

Kind's Collkuk. . iitrciml, A pni 3U/A. 1 923,] 


< LX VI II . — The Propagation of Flame from a Spark in 
a Closed Tube through a Homogeneous Inflammable 
Mixture, 

By Oliver Colioxy dk Chamfpleur Ellis. 

The experiments described in this paper were begun with the 
object of studying the progress of flame through an inflammable, 
mixture as it is propagated from a spark near to the elofed end of 
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a tube, the other — or “ distal ” — end of which is open. lop most 
purposes, however, this proved to be merely a special case of ignition 
in a tube closed at both ends ; that is, a tube open at the distal 
end may be regarded, with respect to that end, as a closed tube of 
infinite length. To open or close the firing end, on the other hand 
is to alter the mode of inflammation. 

The propagation of the flame in various horizontal glass cylinders 
was photographed on a vertically moving film, so that the recorded 
picture is compounded of the two motions. This is the rnet}iod e 
photograph ique of Mallard and Le Chatelier (dnn. Mine#, 1883 
[viii], 4, 312), perfected by Professor II. B. l)ixon {Phil Trans' 
1903, [A], 200, 343), to whom the author is profoundly indebted 
not only for the use of his original apparatus, but also for 
innumerable facilities and invaluable suggestions. 

The present investigation has shown that the movement of the 
flame in any given mixture is dependent on the length and bore of 
the tube, the position of the spark-gap, the initial mechanical 
turbulence, the intensity of the spark, and the initial temperature 
and pressure I, * * 4 . 

When all these factors have been kept rigidly unvaried no 
difficulty has been experienced in the repetition of results. W] len 
one factor is varied, the effect on the speed of the flame is similar, 
as a rule, in all sections of its path. (See, for example, Fig. 4) 
The shorter the section used as the basis of calculation, the nearer 
can the tube be brought to the camera; the slower the section 
used, the greater is the “exposure” for any given film -speed. 
Accuracy in the measurement of the flame-speed is dependent on 
the use of such a fihu-speed as will draw out the photographic 
analysis to a maximum visible extension. These considerations 
point to the sujH'riority of a few cm. of flame-path near the spark, 
as a basis of comparison of results. This gives the further advan- 
tage, that the photograph of the spark itself is generally extremely 
well defined and therefore is a convenient jmint from which to 
measure. 

In all the results where the flame-path considered is not expressly 
stated, calculations have been based on the average speed of the 
flame over the first 5 cm. 

I, Thr Firing ('ylitnUr. 

i. The flame starts slowly from the spark with regularly increasing 
velocity. If we consider any given point in its path, the velocity 

at this point varies with the length of the “ arm ” of the tube, that 
, is, with the distance of the spark from the divd end towards 

which the ignition is spreading. It increases as this distance 
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increases until a maximum rate is reached. After this, the velocity 
at our selected point is unaffected by further increases in the length 
of the arm of the tube , it is also unaffected by opening this 
closed end. 

The lower half of Table I shows that in the circumstances of the 
experiments, if the length of the arm of the tube be 67 3 cm., the 
velocity of the flame is not modified, at any point within 2*5 cm. of 
the spark-gap, by closing the open tube. At some point between 
2*5 cm. and 5 cm., however, the velocity begins to be markedly 
modified, the mean speed over 
5 cm. being reduced from 4*71 to c 


4*45 metres per second. Thus for 
measurements based on 2*5 cm. of 
flame-path, there is a ‘‘minimum 
distance ” from spark to closed 
end which is the equivalent of an 
open end. To base calculations 
on 5 cm. of flame-path requires, 
ederis paribus, a greater “ mini- 
mum distance ” ; but the “ mini- 
mum distance ” is also affected 
by other considerations : it is less 
the quicker the flame (Phot. 1.) 
and it is less the wider the tube 
(Table I) . The tables demonstrate 
that as the arms of the tubes to 
the right of the spark were 
diminished, the speed of the 
flame-front travelling in that 
direction was decreased. The 
results lie on a smooth curve. The 



arm of the tube to the left of the 0 a 10 7 
spark-gap was of constant length. ^ * por *' 

In another series of experiments, the progress of the flame-front 
was traced from the film on to graph-paper. The trace of the 
flame on the film being a distance- speed curve with the spark at 
the origin, a number of these traces brought to a common origin 
yield the interesting comparison presented here as Fig. I. The 
affixed numbers show the length in cm. of the progressively shortened 
arm of the tube along which the flame was travelling from the 
spark. Considerable assistance was received in these experiments 
from Mr. S. It. Stubbs. 


n. With central ignition, the propagation is symmetrical, diverging * 
flame-fronts approaching opposite ends of the tube, each giving a 
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Table I. 


Length in cm. Average speed in 

Length in era. 

Average speed in 

of pro- 

metres per see. 

of pro- 

metres per see. 

gressively 



gressively 


shortened 

Over first 

Over first 

shortened 

Over first Over first 

arm. 

5 era, 

2*5 cm. 

arm. 

■ r J cm. 2 r, ein. 

Diameter of tube 20 

mm. 

Dituni.tr 

r of tube 13 rum. 

Open 

3 9i» 

2-til 

Open 

4-71 :m 2 

445 

3-82 

2-fiU 

t>7*3 

44a IS lT 

34-5 

3*51 

2-38 

4t*2 

438 

29- G 

3*30 

2' 22 

26*1 

*1‘I8 2-iitl 

24 G 

3 05 

2*lo 

21*3 

Phase 1 does 2*25 

19 0 

2-TS 

1 93 


not cover 

14 S 

2*31 

1*77 


a cm. 

9 9 

Phase ! does 

1 53 

114 

Phase f 


not eowr 


G-5 

does not o-T' 


5 rltl. 


3-S 

cover t v< n U }S 


2-5 cm. 

photographic analysis which is the mirror-image of that of the 
other. Asymmetry is obtained, however, even with central ignition, 
if the spark-gap does not mark an exact balance of volume ns wdl 
as of length, or if there is any other circumstance making fur 
asymmetrical resistance to the pressure caused hy the progresjuve 
inflammation. Phot. 2 shows the result of central ignition in a 
tube (tilled by a capillary at the middle) plugged but not sealed— 
at each end. The brass end-plugs were inserted to an eipia l distance, 
but one fitted slightly more tightly than the other, and this 
asymmetry is reflected in the slight asymmetry of the photographic 
analysis. The arms of the tube were not long enough to produce 
visible symmetry even over a very small range near the spark-gap, 
If ignition bo not central, the flame-front approaching the nearer 
end will be slower than the other ; and this is true of every point 
in the flame-path in reference to which the length of the arm of the 
tube is less than the ’* minimum distance. Phot. 3 shows no 
visible symmetry at all. This, as indicated above, is due to the 
fact that the shorter column of gas offers more resistance to the 
pressure caused by the combustion than does tl^g longer one. 

iii. The resistance offered to one flame-front must tend to help 
the progress of the other. An increase in speed on this account 
has been actually measured where the latter flame was extremely 
slow and was travelling along a very short arm of the tube, hi 
some of the experiments referred to in l able I. photographs 
taken of the flame in the short arm of constant length Uhle^ 
(in which <i is the length of the progressively shortened arm of the 
tube to the right of the spark, and ft is the average speed of i,m 
over the first 2\> cm. in the uncut arm to the left) shows how. Jj 
* the tube was cut down, this assistance came to a maximum am 
then diminished as the actual combustion in the progress^. 
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shortened arm became very small. The results lie on a smooth 
curve. 

Table II. 

a. Open 66 3 41-2 26 1 21-3 Jl-4 0-5 3-8 0-2 cm. 

f,. 1 80 1-86 1*91 2-37 2-34 2*29 2 10 1-73 1-40 metres per seo, 

iv. Up to this point, we have considered merely the initial phase 

that characterised by regular acceleration . In an air-tight, closed 
tube, however, this phase does not continue along the whole length 
of the arm of the tube. In his paper “ On the Movements of the 
Flame in the Explosion of Oases,” Dixon (he. Hi.) has shown that, 
in high-speed detonating mixtures, this phase commonly ends when 
a sound-wave, starting at the firing-point and reflected from the 
end of the tube, meets the advancing flame-front. The greater 
part of the present research, however, has been concerned with 
very slow mixtures, and Mason and Wheeler (T., 1920, 117, 38) 
have already demonstrated that slow mixtures exhibit the sequence 

“ Uniform movement, *' 

Vibratory period of constant mean value, 

Vibratory period, mean sjieed decreasing, 

—when fired from the open end of a tube — in place of the sequence; 
described by Malian! and Lo Ohatelier. 

“ Uniform movement,” 

V ibratory period, 

Detonation, 

which is exhibited by high-speed detonating mixtures. 

In our experiments, tlu* flame-front enters upon a second phase, 
Phase II, of slow and almost perfectly constant speed (Phot. 3), 
which can be easily followed by the eye and lasts until the flame 
reaches the end of the tube. (If the distal end of the tube be 
open, this second phase will be characterised by slow oscillations 
and will, in this case, probably be identical with the final phase of 
the “ Uniform movement ” sequence. In large-bored tubes, Phase I 
merges into Phase II with a smooth bend in the photographic 
analysis. As the bore decreases, this bend becomes a sharp turn, 
and with the smallest bores, especially with end ignition, Phase II 
is ushered in by a few’ oscillations (Phot. 4). If the mixture be a 
fairly fast one, oscillations will begin as soon as Phase I ends and 
will continue, but with no regularity of amplitude, until the flame- 
front reaches the end of the tube, each oscillation throwing back a 
pressure -wave through the burning zone. Of the inception of this 
second phase, it may be remarked : 

A. That it does not occur in the circumstances of Pllt>t. 2, that 
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is (a) it is dependent on the pressure in the flame and beyond it, 
(6) it is not, in slow mixtures, impulsive. 

B. That it begins when the zone ignited during Phase I has 
passed its maximum luminosity, and almost simultaneously in both 
flame-fronts (Phot. 3). 

C. That the zone ignited during Phase I is contracted as Phase II 
begins and proceeds (Phot. fi). 

D. That as Phase II continues, the flame-front grows brighter in 
front; behind, it extends toward the central zone (Phot, 3). 

E. That there is a comparatively dark zone between this flame 
and the central, contracting zone. This causes the latter to he 
frequently well-marked in the photographic analysis. 

F. That when mixtures are tired at high initial pressure and a 
subsequent spark is passed in this dark zone, the photographic 
analysis shows the track of a luminous motion which begins at the 
spark and is nearly uniform in speed in its slow journey toward the 
central, contracting zone (Phot. 0). A similar phenomenon, which 
has been termed a “ flame-cap ’* or “ aureole ” (Burgess and Wheeler, 
T 1911 99, 2013; 1914, 105, 2o94), is known to occur when a 
current of a mixture below the dilution limit of inflammability 
passes over a source of ignition. 

G. Phase 11 begins nearer the spark-gap in circumstances 
associated with quicker cooling, namely, with a slower flame (Phot. 1) 
or in a smaller bored tube (Bone, Dnigman, and Andrew, T. ? 100(1, 


89 . 1014 ). 

These points may all be explained by supposing— as seems 
reasonable, that the movement of flame in these slow mixtures is 
actually moditied by mass movements of gas in the tube. The 
pressure of the imbnrnt column of gas must continue to increase 
w ith the pressure in the flame ; when the flame-pressure begins to 
fall, the uneombined coin pressed gas will tend to push the flame 
backward. Is it not probable that Phase II begins at the moment 
when the outward surge of pressure, due to the ignition, is reversed 


bv a backward stream ' 

‘ v . ]„ mixtures eupahle <4 detonation, tin* arrival of the flame At 
the end of the tube may 1 m- signalised by a very fast pre>>ure wave, 
registered on a slowlv moving him as an almost horizontal sme or 
band. In Mich mixtures, if one arm of the tube he lung or upm, 
the flame, in it* initial phase, may he overtaken hy a way* nwn 
the end of the tube in-hind it. The s]M*cd of the llanu’-f rent * 
thru greatly increased. Tins is one of the i'nm.pa nw®. » • 
the period between ignition ami the setting up ■> h u 
. wave has been found to vary with the distance of tiio sparky 
from the tiring end (Dixon, foe. crt., p. 3-to). 
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vi. The various movements which have been described are all 
slower with wider bore of tube, where this is the only variable. It 
may be predicted that the period between ignition and the setting 
up of the detonation wave, when the charge is fired near a closed 
end, will be greater, within limits, the wider the bore. A typical 
bore-speed curve is shown in Fig. 2. It is that of the “ theoretical ” 
ethylene-air mixture. The points only are indicated. The curve 
drawn for reference, is that of the rectangular hyperbola 

(* - 8*S8)(y - 8-1) - 109*2. 

Between bores of 52 mm. and 15 znm., the results follow this curve 
very closely. Below 15 mm., the viscosity of the walls of the tube 


Fie. 2. 



\ 



o > * 

10 20 30 40 

Metres per second, 

and the great increase in the “ cooling factor ” effect a slowness of 
increase in speed, in place of the immense increases required by the 
hyperbola. It is not impossible that an inflexion of the curve for 
some bore less than 5 nun. might be found : that is, one might 
arrive at a bore so small as almost, but not quite, to strangle the 
progress of the flame. The speeds were measured over the first 
5 cm. from the spark. It was found that the * s minimum distance >J 
of tube-end from spark-gap, which would not affect the speed over 
the first 5 cm. of flame-path in the narrower tubes, was much 
greater than had been provided for, the set of tubes being all of 
the same length, and differing indeed in no particular save that of 
diameter. The curves first obtained thus showed an inflexion due 
to the confusion of two phenomena. This confusion was finally 
avoided by leaving the ends of the tubes open at the moment of 
firing. 
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vii. In imitation of the experiments of Campbell (T. } 1922, 121, 
2483), it was found that if the flame, cither in its initial or in its 
second phase, be led through a normal junction into a wider tube, 
co-axial with the first, the speed of the flame will be temporarily 


retarded. 


II. Turbulence . 


The effect of turbulence has been investigated by Schlccsing and 
Demondesir (.4 mm. 1883, [viii], 4, 298, also Ste. -Claire 

Deville’s “ Le<;on sur la dissociation/’ p. 46), Hopkinson {Proc. 
Boy. Soc„ 1906, (.4), 77, 410; Hep. Brit. Assoc., 1912, 203), Clerk 
{Rep. Brit. Assoc., 1912, 201), and Wheeler (T., 1914, 105, 2595; 
1919, 115, 83; 1920, 117, 1227). It was hoped in the present 
work to gain some information as to the manner of the undoubted 
increase in speed and the apportionment of the inerea.se between 
the two phases of the progress of the flame-front. 

The charges used were the " theoretical ” air mixtures of the 
fuels indicated in the table. The variation in type of spark, due to 
the inability of our break-flash to ignite the pentane mixture, 
produced this interesting result- that the increase in speed due to 
turbulence is greater, ceteris jmribus, for a weak spark. This would 
be a fresh proof, if need were, of the mechanical effect of the spark 
(Coward, Cooper, and Jacobs, T., 1914, 105. 1069). This greater 
increase is naturally effected during Phase 1, Phase 11 not showing 
as great an increase as for a spark of greater energy. 

In general, Phase 1 shows an increase in speed due to turbulence 
of about 10 per cent. : Phase 11, a much greater increase. The 
exception is the acetylene mixture, which is the fastest of all ami 
shows least change in speed, due to turbulence, over the whole 
path. This exception is in agreement with the statement of Wheeler 
(hjc. rit.) “that a mixture in which the speed of flame normally is 
slow should be more susceptible to the effects of turbulence than 


iino in which the speed of flame normally is rapid. 

The photographs obtained in this series of ex[»erinient> indicated 
roughlv to what extent the j>eriod of combustion was shortened la- 
the turbulence. although the end of the luminous juried is not 


recorded with any preeision. 

It should |K-rha|w !»' Mated that the arrangement of the api'-irali)' 
and the relative distance* of the various parts "err- kept rip > 
constant, having lurn measured ami noted at the outset o 1 
os|>cri incuts. The results are set out in Table III. 



(aed of the flaw 
, 95, 199), Tarter 
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Table III. 





Time over 

Time over 

Total 





1 st 5 cm. 

2 nd y cm. 

time 

Duration of 



Condition. 

(Roughly 

(Roughly 

over 

effective 

Fuel. 

Spark. 

Phase I.) 

Phase II.) 

10 cm. 

luminosity. 





Jlillisccs. 


Ordinary 

Quiescent 

13-2 

13-0 

26-2 

764 

compound 'Turbulent 

n-4 

7-8 

iy -2 

56-3 


induction 

spark 

% decrease 

Quiescent 

13 -8 

400 

2C-9 

26-2 

C,H* 

7-63 

8-72 

10-35 

Xo 


Turbulent 

6-35 

0-17 

12-52 

record 



% decrease 

10-7 

20-8 

23-4 


fall, 

Condenser 

Quiescent 

7 42 

7*20 

14-08 

105-2 

spark 

Turbulent 

0-04 

0-04 

13-28 

76 3 


% decrease 

1 0-5 

86 

0-55 

36-3 

C.H „ 


Quiescent 

Turbulent 

17-2 

2 Mo 

38-30 

74-2 


15*7 

1202 

28-32 

60*7 



% decrease 
Quiescent 

8-75 

40-4 

26-2 

6 

CSj 


1041 

1.7-58 

20-0 

91-3 



Turbulent 

fl-fi2 

8-55 

18-27 

78-8 



% decrease 

7.7 

45-3 

30-2 

13*0 

OS, 

Rmik- 

Quiescent 

12-70 

10-72 

20-01 

95-5 


flash 

'Turbulent 

1002 

10-50 

21 42 

73-2 



% decrease 

114 

37-2 

274 

22 3 


(T., 1915, 107, 337), and more particularly by Wheeler (T., 1917,* 
111, 1056), who has illustrated it in some detail in experiments on 
ethane-air mixtures (T., 1911, 99. *029). 

The two most convenient ways of effecting an increase in spark- 
energy were 

(rz) to increase the capacity in the spark-circuit by connecting a 
variable condenser in parallel. 

(b) to increase the width of the spark-gap, using a wide -bored 
explosion-tube with lateral capillary arms, through which the 
platinum electrodes, soldered to copjXT wires, were introduced, the 
gap being measured on a strip of stiffened, calibrated graph-pa per. 

(tf) In the first series (Fig. 3), the use of a long narrow tube 
avoided unnecessary dissipation of the great mechanical energy of 
the spark (Coward, Cooper, and Jacobs, loc. ci(.). In these 
circumstances, however, it was only possible to measure the initial 
phase. • 

The speed of the flame, measured ovpr the first 4 cm. of its path, 
increased quickly with the capacity until the latter reached 0’000435 
microfarad (or 392 e.s.u.); it then increased very slowly and 
uniformly till, when the capacity reached 000217 microfarad, 
it appeared to be nearly constant. The luminosity, however, 
increased up to the maximum capacity, 0*00435 microfarad, of the 
plate condenser, which was specially made for this work by * 
Mr. Nathaniel Walker, who also assisted in the experiments. 



Fig. 3, 


1444 ELLIS : THE PROPAGATION OF FLAME FROM A SPARK IN A CLOSED 

(6) In the second series, in which considerable assistance was 
rendered by Mr. Henry Robinson and Mr. S. R. Stubbs, the 
unavoidably great width of tube was responsible for a smallness of 
increase in speed, our maximum increase being only 38-5 per cent. 
The spark was passed by momentarily “making” a mercury 
connexion in the primary circuit of an induction coil capable of a 
5-inch air-spark. The current w^as 
furnished by four 2T-volt accumulators 
in series. In order to avoid premature 
weak ignition from brush-discharges, 
the mixture used was the “ theoretical" 
pentane-air mixture which, we found, 
could not be ignited by a “make" 
or “ break ’’-Hash from our circuit. 
The trembler of the induction-coil was 
adjusted therefore to give the com- 
pound spark, containing a “ capacity 
component.” 

The results seem to show that the 
sjx*ed increases with the spark-gap 
almost reetilinearly up to a certain 
point which depends chiefly on the 
strength of the current in the primary 
circuit and tho winding ratio of the 
induction coil. 

In the ligures given (Table IV), the 
straight-line relation ends when the 
spark-gap Ls in the neighbourhood of 
li) mm., after which the increasing 
tenuity of the spark is probabl) re- 
sponsible for an inflexion in the cui\e, 
The slower flame-front was not 
ditlicult to measure. The faster one, 
however, was often found to be travel- 
ling obliquely, the photographic 
analysis showing a double edge. In 
such rases, the mean was taly n. One photographic analysis 
a triple edge, registering apparently an ohlnpie tlinn 
was also cup-shaped. 

IV. Tonperalurc. 

Mallard and lx- Chattier {Ann, Mint*, l*sd, uunix-rature 

dieted and proved that the influence of mended m.. 1 ^ ^ 
. was to increase the speed of propagation of ^ 

ment" of dame through a mixture, lhero was J 
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Table IV. 

Mean speed of Mean speed of 
slower flame- faster flame- 

Mean speed of Mean speed of 
slower flame- faster flame- 

Width 

front over 

front over 

Width 

front over 

front over 

of 

the first 

the first 

of 

the first 

the first 

spark- 

gap 

o cm. 

5 cm. 

spark - 

5 cm. 

6 cm. 

Metres 

Metres 

.g a P 

Metres 

Metres 

iu nun. 

per sec. 

per see. 

m mrn. 

per sec. 

per sec. 

1 

3' 13 

4-30 

20 

3*55 

5*57 

3 

3-20 

4-45 

28 

3*05 

5*82 


3 25 

4-60 

38*5 

3-00 

5*95 

9 

14 

3 35 

347 

405 

5-25 

51 

3*50 

5*85 


suppose that the same would he true of this kind of propagation. 
Woodbury, Lewis, and Canby [J. Soc. Automotive Engineers, 1921, 
8, 209), however, firing acetylene-air mixtures at the base of a 
vertical cylinder, V X 12*, obtained results which “ indicated that 
increased temperature produced little effect upon the rate of flame 
propagation/’ 

Now a quantitative study of the effect of variation of the initial 
temperature cannot usefully be carried out without a parallel 
determination of the extent to which pre-flame combustion, or 
“ baking,” has proceeded during the time during which the charge 
has been subjected to the heating agency. 

The present determination was purely qualitative. Various 
heating arrangements were tried. The first gave results which 
indicated either that change of initial temperature produced no 
difference in speed, or that the loss of speed consequent on dilution 
due to baking balanced the gain in speed due to the rise in tem- 
perature. The second took so long to raise the mixture to the 
desired temperature that when the spark was passed the mixture 
refused to ignite — an informing comment on the first experiments. 
The third method, suggested by Mr. Henry Robinson, heated the 
mixture so quickly and uniformly that it was possible to repeat 
and corroborate the result. 

In the case of the hot mixture, as will be seen by the comparative 
photographs (7, i and ii), the initial phase is faster and the flame 
less luminous. Moreover, the initial phase ends nearer the spark, 
thus providing a suggestive exception to the generalisation in Part I., 
iv., G., that Phase II begins nearer the spark-gap with a slower 
flame. 

Table V. 


Temperature. 

Timo to travel 5 cm. 
from spark. 
Milliseconds. 

Time occupied by 
Phase I. 
Milliseconds. 

10*4° 

1317 

18*02 

16*6 

12*82 

18*3 

86 apprux. 

10*27 

13*57 

96 approx. 

9-76 

13*22 



Atmospheres. 
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V. Pressure. 

Woodbury, Lewis, and Canby ( loc . cit.) state that The results 
obtained on various mixtures of acetylene and air, under initial 
pressures of from one to four atmospheres, indicated that with 
each gas mixture, the rate of propagation increases with an increase 
in the initial pressure up to a critical density and that with any 
further increase in the pressure above that critical value, no increase 
in the rate of propagation is obtained/' 


Fig. 4. 



The results of the present investigation differ from those in 
important particulars. In all the many mixtures which have been 
subjected to experiment, the pressure for maximum spml has 
proved to be one atmosphere. Below tills pressure, the speed has 
declined gradually to about half an atmosphere, and then quickly, 
but smoothly, to the limiting pressure. Above atmospheric in- 
sure, the speed has decreased continuously with the int re s 0 
pressure. Mixtures have been tired at I> atmosjdieies pn» nr |- 
<Phot. 5), one of the must surprising features of this work aung 
been the very great initial pressure which glass tubes \u > ^ 
without rupture. Numerous experiments ha\e beta »* UIM ( 
*with an initial pressure of !» atmospheres without injury t0 f 
of 21 mm. ‘diameter; and on one occasion, with a wen >P aI 





TUBE THROUGH 


inflammable MIXTURE. 


condenser having been disconnected-* mixture was fired at K, 
atmospheres m a tube of 13 mm. diameter without brealdngtt 
The decline m speed above 6 atmospheres is, however very 
small; the curve appears to approach an asymptote. Below Z 
pressure, it seems to vary, in exact detail of shape with the fZ, 
content of the mixture. There is no sign of a Critical n * 
except the inflexion at one atmosphere, and a slow belrd ofthe 
curve at a higher pressure which varies with fuel content. 


Fig. 6. 



Rg 4 shows a typical curve for a 5 cm. flame-path, with the 

corresponding curve for 10 cm. of flame-path bv its side The 

ube was not injured in any way by these and other experiments 

the t,T m,Xt o reS at thcSP P ressun ' s - The thickness of the wall of 
tne tube was 2-7 mm. 

FiV c *1* detail0d stucJ > r °* tlie region near atmospheric pressure. 

*v ° ^ 8 ° WS a S<>rieS eth ylene-air mixtures in a tube made to 
iVd!!* ! aea f rements as used for the experiments of Fig. 4. 
to u Cn * n curves, which has already been noted, seems 
n laY J’ f;0mc progression from limit -mixtures to the * 

maximum -speed mixture. 
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These are all ethylene curves ; but the fuels used have included 
methane, carbon disulphide, pentane, benzene, ethyl alcohol, hexane, 
ether, and acetylene. 

There is a marked parallelism between the temperature and 
pressure results of this investigation and those of Terres and Plon Z 
(Ckem. Centr., 1915, ii, 1278) and Mason and Wheeler (T., 1918, 
113, 53) on the effect of variation of initial conditions on the dilution 
limits of inflammability. In both eases, the pressure results are 
difficult to explain. It is possible that the results of the present 
work are accounted for by the facts which Mason and Wheeler 
tentatively advance as a possible explanation of theirs. They 
write : “ According to the kinetic theory, loss of heat from gases 
by conduction and radiation is independent of the pressure. When 
attempting to put this deduction from the kinetic theory’ to experi. 
mental proof, however, Kundt and Warburg ( J . Physique, 1870, 5, 
118) found that unless the pressure of the gas was low, the loss of 
heat due to conduction was masked by that arising from convection 
currents. It may be. therefore, as Terres and Plenz have suggcrtul, 
that the loss of heat from a gas at high pressure is due to a greater 
extent to convection than to conduction, and increases with the 
pressure/’ 

In Se etion 1, iv, K. of this paj«*r, a phenomenon noted which 
would imply that when a mixture is tired under great initial pressure, 
a mass of gas through which the flame has already passed becomes 
reignited, to a small extent, by a subsequent spark. This supposed 
tlame-eap (Phot. <>), which appears to travel in a gentle current 
toward the middle of the tube, has Iutii noted when the initial 
pressure was respectively 3*9. 5*1. 5’3.i, AS, 7(i, and 7*i 

atmospheres, but newr when the initial pressure was atmophcik'. 
Is it possible that, under pressure, thoe flame-caps are formed 
when the proportion of furl i> wry low ? In this ease, that is. if 
increase of pressure actually extends the lower limit of the range in 
which flame-taps can Im* formed, such an extension is in strange 
contrast to the constriction of tin* limits of inflammability, 'dicie 
we find the lower limit raised. At the same time, it cannot he 
argued that increased pressure should tend in every lespect to 
inhibit combustion, for Masunand W heeler (fyr.fi/.) find, for instance, 
that it renders a mixture mure easily ignitible by a weak >pai ’■ 

The alternative conclusion (implicit in the theory of P'ranklamt 
[ Phil. Trans., lMil, 151 , h53. Kxpcrimental Researches, p. Jl Jj 
that the coin pie test combustion takes place in partial vacua) vou 
be that the proportion of gas left unburnt on the suppose . o 
• extinction of the flame is m» great, under high pnssurc. 
only just 4*4 ow the dilution-limit of inflammability. 
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Neither alternative appears to be immediately susceptible of 
absolute proof or disproof. This applies also to the hypothesis of 
the formation of molecular aggregates at higher pressures, a theory 
by which Barss ( Anier . J. Sci. f 1912, [iv], 34, 229) explained certain 
phenomena due to change of pressure in his researches on ionisation 
by collision. This convenient theory would certainly account for 

i. the slower spread of the dame through the mixture ; 

ii. the fact that in some very rich mixtures, luminosity actually 
decreases with increase of pressure ; 

iii. the inefficient combustion effected during the first spread of 
the flame. 

That the maximum-speed pressure should be one atmosphere is 
also a somewhat surprising result, the explosion system being nearly 
isolated from all gains and losses of heat except those due to 
radiation. The differences in this region are, of course, very near 
the experimental error. Jn order to get greater variation, a bigger 
tube was used, and a greater speed of film -wheel. This change of 
tube contributed two advantages : a slower flame and a greater 
luminosity. The slowness was further exaggerated by moving the 
position of the spark-gap to a point nearer the distal end. 

In a tube 32*5 cm. long, of diameter 53 mm., the spark gap 
being 7 -5 cm. from the end. a 5 per cent, mixture of ethvlene-air 
gave— referring to 5 cm, of flame-path — photographic extensions 
measuring 76 mm. and 73*5 mm., respectively, for pressures of 
1 atmosphere and 0*812 atmosphere. This difference of 2'5 mm., 
which would have been slightly greater had the film been travelling 
exactly the same rate in each case, is well outside experimental 
error. The speeds were 


1 atm 5 94 metres per sec. 

0812 „ 5'63 „ „ „ 


Unfortunately, this tube was broken. With a similar tube of 
43 mm. bore, the film-rate in the two experiments being the same, 
the results for pressures of 10 and 12 atmospheres, respectively, 
were photographic extensions of 54*5 mm. and 58 3 mm., or speeds 
of 7 23 and 6*77 metres per see. The maximum for this mixture 
evidently lies between 0*8 and T2 atmospheres, 
lor the brighter 6'5 per cent, ethvlenc-air mixture, the maximum 
ange was narrowed down to 0*9 — IT atmospheres. The photo- 
graphic extensions varied from 44 to 46*2 mm. The speeds were 


0-9 atm, 
10 „ 


$'79m.p.s, IT atm 
8 95 ,, I'2 „ 


8*76 m.p.s, 
8-J8 „ 
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Under similar conditions, the B*53 per cent, carbon disulphide-air 
mixture gave 

0*9 atm., 5*12 m.p.s. ; 10 atm., 5*32 m.p.s. ; 1*1 atm., 511 m.p.s. 
Assistance in this work from Messrs. Henry Robinson, j$, ft. 
Stubbs, and F. W. Higgins is thankfully acknowledged. 


KXPERI MENTAL. 

Mixtures involving the use of liquid fuels were made by bubblier 
the measured dry gases composing the “ atmosphere v through the 
liquid, which had been run into a small wash-bottle from a Hue 
calibrated burette. More recently, the liquid has been measured 
gravimctrically and the volume of the ** atmosphere ' gases adjusted 


in exact proportion. 

The long delivery tube of the glass ‘‘carburettor ’ ended in a 
glass 3- way tap, which on one side led upward through a cylindrical 
joint of litharge -a ml -glycerine cement to a flexible, asbestos-lined 
bronze tube. This led to one of a pair of mercury gas-holders, 
which were connected together by a similar tube. The mixture 
was quickly brought to homogeneity by passing it backward and 
forward between the two gas-holders. From the gas-holders, the 
first -mentioned bronze tube led the mixture back, via the three-way 
tap also mentioned, to a compact range of three glass 3 -way taps. 
The first of these was a connexion through yet another flexible 
tube and union-joint to a brass tap and sheath with adjuster collars, 
which was used to carry explosion -tubes when it was necessary* to 
use long or open tubes, or to have them very near the camera. 
The second of the 3-way taps connected the apparatus with the 
manometer and pump ; this connexion was provided with a side- 
tube which permitted Miction to be used for raising the mercuiy 
level in the right drum. The third 3 -way tap was an emergency 
connexion with a Buchner lilter-Hask, for the evacuation of mercury* 
from the apparatus in case of any flooding due to leaks. 

The end of the range of taps was fused to a glass tube which was 
cemented into an iron three-way, so that the gas -mixture could be 
passed either through a needle-valve into the ex plosion- tube, held 
in the clamped frame, or down into a 51 -litre steel drum, connecte 
at the base with an auxiliary drum, the latter communicating at 
the top with a safety-valve ami a cylinder of compressed air. These 
drums were only used in the experiments on high pressure, n 
tliis work, the explosion-tube was, as usual, filled by e\acuation 
2 cm. pressure, followed by tilling and flushing with a large amouu 
of mixture ; but it was more convenient to till the left crum u 
. the mixture by first tilling it with mercury, and then-the n* 
the system meanwhile having been tilled with mixture am F 
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to the drum — to run the mercury out through a tap at the bottom, 
or transfer it by suction into the auxiliary drum. Mixture from 
the gasholder thus followed the mercury level, and the end of this 
operation left both the explosion -tube and the left drum full of the 
mixture. The drums were now shut off from all the rest of the 
system except the explosion-tube and the gauge carried by the iron 
three-way, and the compressed air was turned on until the desired 
pressure was registered on the gauge. The explosion-tube was 
then shut off from the rest of the apparatus, and fired. The frame 
holding the iiring-tube consisted of two horizontal guides and two 
flat vertical end-pieces, fitted with needle- valves. The rose-jet 
introducing the mixture was shaped at the centre to receive the 
end of a rotating spindle (in the experiments on turbulence) or a 
thermometer {in those on temperature). The ground edges of the 
tube were protected by rubber washers; and the wing-nuts on the 
threaded ends of the horizontal guides were tightened until the 
system supported a vacuum. When a tube of only small diameter 
was used in conjunction with the frame, the outer end was held in 
position by a brass end-plug, the annulus of which provided a seat 
for the rubber washer. It was supported by a small bayonet, 
working on a stout spring at the centre of a brass casting which 
moved on the horizontal guides at their free ends, and was secured 
by the wing-nuts on their threads. For experiments at very high 
pressures, the end-plug was covered by a small length of brass 
tubing, so that the end of the glass tube abutted on the rubber 
base of a hollow brass annular prism. 

In the turbulence experiments, a glass chimney, half the length 
of the cylinder, was supported coaxially within it by three pieces of 
asbestos rope. The spindle, lying in the axis of the tube, carried 
vanes which were rotated inside the chimney by a straight drive 
which communicated the speed of a motor through an air-tight 
gland. A V-shaped pair of electrodes provided a spark-gap which 
‘‘cleared ’ the spindle. On one side of this central firing-point, 
the tube was quite clear save for the spindle ; and it is the flame- 
front in this half of the tube that was studied. The vanes were 
rotated so that any mere current effect would diminish the speed 
of the flame. 

In the temperature experiments, the thermometer lay in the axis 
of the tube, which was surrounded by a canister with highly polished 
interior. Outside, the canister had been carefully covered by pieces 
if asbestos board. Inside, and on the base of the canister, was an 
'lectric resistance heater. The tube was evacuated to - cm. 
>ressure; and when a suitable temperature was indicated by the 
•hermometer, read through a glass window in the canister, it was 
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filled and then flushed with the charge-mixture. The filling was 
carried out in stages, to guard against the effects of a spontaneous 
ignition. 

After a measured interval, the thermometer was read again, and 
the ignition of the mixture w as then photographed through another 
window in the canister. 

Other experimental details may be summarised as follows : 


Constant 
distance of 


Refer- 

Len^ph 

apark-gap 
from ena 

Type of spark. 

ence. 

tube. 

(cm.). 

Table I 

Shown 

128 

Condenser 

Fig. 1 

7*1 

Cap. 0*000435 mf. 

Table II 

fl 

12-6 


Fig. 2 

32*5 cm. 

7*3 

Cap. 0*000052 mf. 

Table III 

33*5 cm. 

16*75 

Shown 

Fig. 3 

83*0 cm. 

(Central) 

6*1 

» 

Table IV 

32 5 cm. 

100 

Inscribed 

Table V 

32*5 cm. 

7*3 

Break-Hash 

Fig. 4 

Fig. 5 

35*5 cm. 

29 

Condenser 

35*5 cm. 

0 

Cup. 0*00435 mf. 

Fig. 6 

35*5 cm. 

2*9 



The spark-gap was uniformly 1 mm., except in 
to in Tabio IV. 


Bore of 


tube. 

Mixture. 

Shown 

CS, + 30, 
+ 17N, 

20 mm. 

13 mm. 

” 

Shown 

Ethylene -f 
tbco. air 

51 mra. 

Shown 

1 3 mm, 

C,H,+ 

30, + "X, 

52 mm. 

Pentane -j- 
theo. air 

52 nun. 

CS, + theo. 


air 

21 tnm. 

Shown 

27*5 mm. 


21 in:n. 



the experiments referred 


The author is indebted to Mr. J. Bambcr of the Engineering 
Department for many most valuable suggestions in the construction 
of the heavier apparatus, which was made by him. 

The UMVERSJTY, Manchestek. [lieetiml, March 2M, 1923.] 


CLXIX . — Promotion of Catalytic Reactions. Pari /• 

By Samuel Mkusfubtii. 

A. The Action of Ihjdmjni ujm the Oxide*. of Oirhm. 

Is the course of experimentation on the oxidation uf 
it became necessary to prepare large quantities o , 

for this purpose various methods of preparation «r c 5 
including the well-known Sabatier reactions : 

f'n ' th_ - nil. H«0 



MEUSfORTII : PROMOTION OF CATALYTIC REACTIONS. PART I. 1453 

The quantities of the reacting gases in the case of carbon mon- 
oxide were those used in the (Bedford process for the production of 
methane (J. Gasbeleucht 1011, 54, 737), that is, one part of 
carbon monoxide to fire parts of hydrogen. The catalyst was 
nickel prepared in situ by the reduction of the oxide from nickel 
nitrate deposited on pumice. 

In considering the above equations, it will be observed that 
water is one of the end-products, and it was thought that the 
presence of a catalytic dehydrating agent in contact with the 
nickel catalyst would materially increase the velocity of the 
reaction. The results of preliminary experiments were sufficiently 
interesting to warrant further investigation. 

The effectiveness of promoters in catalytic reactions is now a 
well-established fact ; the Badische Company state that the oxides 
of thorium, glueinum, and zirconium are capable of functioning 
as promoters in the methane synthesis (D.K.-P. 2306, 1914). 

Pease and Taylor (J. Physical L'hem., 1920, 24 , 241) define 
promoter action as including “all those eases in which a mixture 
of two or more substances is capable of producing a greater 
catalytic effect than can be accounted for on the supposition that 
each substance in the mixture acts independently and in proportion, 
to the amount present.” The maximum accelerative effect will be 
obtained when the number of points of contact of the promoter 
and catalyst exposed to the reacting substance or substances is 
at a maximum. On this view, therefore, it should be possible to 
determine the optimum catalytic effect on the velocity of a reaction 
by means of a series of experiments in which the proportion of 
promoter to the same quantity of catalyst is varied. This optimum 
concentration will differ with each substance and with the method 
of preparation. It is difficult, if not impossible, to secure uniformity 
of deposition of the catalyst and promoter on the surface of the 
carrier, and therefore too concordant results were not be expected. 
It was found that in addition to the surface effects, the temperature 
at which the catalytic effect was; at a maximum differed with the 
substance used, having regard of course to the production of 
undesirable by-products. The results shown in this paper are in 
the majority of cases the mean uf a number of determinations. 

Table 1 shows in column I the maximum catalytic effect pro- 
duced by the use of the substances enumerated on the formation 
of methane from a mixture of carbon muiioxide and hydrogen 
(CO : H 2 =1:5 by volume), and in column II the maxhnum 
catalytic effect on the synthesis of methane from carbon dioxide 
and hydrogen (CO a : H a - 1 ; U by volume). The figures refer in 
every case to the optimum concentration of pronioter«added to 

VOL. CXXIIJ. 3 d 
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the nickel, the quantity of which was kept constant throughout 
the experiments. The effect produced by nickel alone is taken ay 
unity. The details of these experiments will be found in a later 
part of the paper. Columns ill and IV 7 show the increase in effect 
produced, taking that due to the promoter thoria as 100. 


Tarek 1. 


Name. 

Cerium oxide 

Kifieal and Taylor 
lin.-rea.se in dehydrating 

Maximum effect. eutalytic effect. properties. 

1 11 in iv 

(CO,H a ). (CO a ,H a ). (C’O.H,). (UO t ,H a ). V. VI. 

17-7 Not (let. 10:H> 

17} 12 s 100-0 100-0 loo J) 

Glueinum 

loti 

1.V7 

1 2<i5 
11 40 

tm-ti 
til -4 

os-o 

SsS-2 

45-0 

1*1-0 

M 

M 

Aluminium «. 

14 3 

liHo 

X2‘0 

sol 


1) 


12 :; 


:n 2 


S4-n 

M 


so 


4U-1 


4, VO 

.M 

zircon in « * ♦ • * 

Molybdenum oxide 
Vanadium 

Tin 

Magnesium 

Copper 

♦i :t 
i it 

No ilC 

1 :i> 

•deration 

32 ** 
iMi 

0 

0 

n 

10 l 

30 

0 

0 

0 

2:1-0 

0-0 

(1 

0 

(1 

M 

M 

H 

H 

Silver. 



11 

n 

0 

H 

Nickel 

!! in 

10 






1) (it'liyilratiiig a;:, nt ; M mixed dehydrating and d. hydrogenating 
agent; 11 hydrogenating agent only. 

It was stated at the outset that the experiments were undertaken 
to discover the effect of the addition of a dehydrating agent to the 
catalyst on the velocity of the reactions given above. It is difficult 
to tind a basis of cumparhoii between the substances tested and 
the well-known catalytic dehydrating agents of a suitable type, 
for obviously the action of the latter will vary with each reaction 
investigated. R ideal and Taylor (” Catalysis in Theory and 
Practice ” t> 2KS) give a t of oxides arranged in order of their 

dehydrating action on ethyl alcohol at MM- 3T<» . eountii.f! the 
effect due to thoria a, 1«M>, and this table (column \ I has boenurfd 
for a tirst comparison. It xvill he seen from the table that mlh 
the striking exception of glucimtm «.xidc th.-rc is a very fair measure 
of agreement helween columns III and IV on the one am »“ 
column V on the other, at all events in the p-ncral order of 
oxides and metals. It can he stated therefore that the 'i t 
of the reactions invest igateil can he increased >\ I n ’ 
a small quantity of a suitable dehydrating agent to I a 1111 1 

Theoretical I)>*cu*sio» on Ih, Action of I’romotn * in Ik M kK 
Synth* xi*. 

The study <*f pmmolrr* has received m.mparatmd\ .1‘j* 1 ^^,,! 
and onlyn few suggestions are to be found «»u the po.->i 1 » 
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of their action. Catalysis itself has been regarded as a purely 
physical phenomenon, or as a purely chemical one, or as a com- 
bination of both. Surface conditions and surface action are of 
primary importance in catalytic work, but it was realised that 
considerations of physical phenomena (such as adsorption) alone 
would scarcely be sufficient to explain the precise mechanism of the 
reactions studied. It is not proposed therefore to discuss in this 
paper the physical aspects of the subject, but to indicate the prob- 
able nature of the chemical action of the various substances used 
as promoters. 

(a) Carbon Monoxide and Hydroyni. — The formation of methane 
by the passage of a mixture of carbon monoxide and hydrogen 
0 vcr nickel may be explained in two ways : 

1. The oxygen of the monoxide is considered to be quadrivalent 
and there is formed an unstable intermediate compound by the 
union of three molecules of hydrogen with one molecule of the 
monoxide, probably in combination with the catalyst {compare 
Sabatier and Sendercns, Ann. C'kim. Phy*., 1005, [viii], 4, 467). 
The course of the reaction may be represented simply us follows ; 

Ni 4- CO 4- 3H. — > ^ > Xi r OH, 4 H 2 0. 

2. An intermediate compound of the methyl alcohol type is 
formed (probably via formaldehyde), which is dehydrated to give 
the residue !CH 2 and water, the former being immediately hydro- 
genated to methane (compare* Bone and Davies, T.. 19H. 105, 1694) : 

CO 4- 2H 2 H 2 OHOH !CH 2 -> CH 4 . 

fn both cases, the nickel is considered to be acting as a hydro- 
genating catalyst and as a dehydrating agent, and its power of 
functioning as the latter is known to be small. Consequently, 
the rate of formation of methane will be comparatively low. The 
presence, therefore, of a suitable dehydrating agent, even in minute 
quantity, at the surface of the nickel will increase the velocity of 
the dehydration and by so doing will leave the catalyst free to do 
the work of hydrogenation at an enhanced rate. In other words, 
the function of a promoter is to relieve the catalyst of part of its 
work, in fact to take over work which it can do bettor than the 
catalyst itself. 

With nickel and a promoter, P, present, the reaction according 
to the first suggested mechanism may be represented as follows : 


Xi T CO 1- 3H, -> f (II) -* Si • CM, - H.0 - I’. 
H.C-OH. 

tills formula represents 1 lio " complex supposed to be ion nod after the 
intramolecular change lias taken place. 

3i> 2 
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According to this scheme, a double “ complex ** formation is 
assumed in which the promoter P combines loosely with the inter- 
mediate compound, formed by the union of the reacting g ascs 
with the catalyst. The nature of the promoter, that is, its 
dehydrating properties, indicate that it is attached to the remainder 
of the double “complex” as shown in 11, that is, through the 
HUM group. 

On this hypothesis, the activity of substances such as ceria 
thoria, etc., and the inertness of others, for example, copper, silver 
may be explained. The promoting power of a substance as far as 
these reactions are concerned becomes a function of its catalytic 
dehydrating effect cm the intermediate compound supposed to be 
formed. Further, since the instability of the intermediate' com. 
pound ensures rapid dehydration, a very high maximum catalytic 
effect is obtainable by the introduction of a powerful dehydrating 
agent, and Table 1 shows the extraordinary increase produced bv 
such substances. 

Now, in addition to the formation of methane another operation 
appears to take place when a mixture of carbon monoxide and 
hydrogen is passed over nickel. It has been shown by the author 
that if a mixture of one part of methyl alcohol and throe of hydrogen 
(that is, the proportions in which these two substances would be 
present assuming the formation of tin- alcohol in the experiments 
described in this paper) be passed over nickel, the rate of decom- 
position of the alcohol into carbon monoxide and hydrogen will 
be far greater than that of the formation of methane. The rate 
of production of methane with thoria present is fourteen turns 
that with nickel alone. The.-e e\j«. huients would appear to show 
that when a mixture of carbon monoxide and hydrogen (l :5J is 
passed over nickel, rapid formation of an intermediate compound 
of the methyl alcohol ty|n* takes place (probably via formaldehyde) 
which is decomposable in two ways : 


2H, -7 FO (1). 

CO ~ M, -> H 3 <X)H 

- ;CH., ICO [■!). 

In addition, therefore, t<» acting as a hydrogenating nnd 11 
dehydrating catalyst, the nickel functions also as a dehydrogenating 
agent, so that the promoter will, by increasing the rate of dehydra- 
tion, suppress the dehydrogenation and enable the nickel to 
hydrogenate at an enhanced rate. 

ISome t'XjHTimcnt.s carried out by Ipaticv («/. ° n ‘ 
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Soc., 1912, 44, 1695) aecm to support the second view of the 
mechanism of the reaction and the dehydration hypothesis. He 
found that camphor was hydrogenated in the presence of nickel 
oxide at 320—350° to borneol. This in turn could be dehydrated 
at 350—360° in the presence of alumina to camphene, which could 
then be hydrogenated at 240° to camphane. By using a mixture 
of nickel oxide and alumina in the presence of hydrogen, camphor 
could be converted directly to isocamphane at 200° or less. 


CM 


< 9 H * 

” x CO 

Camphor. 


-CII 2 
— CJt'oH 

Borneol. 


— CH ^ 

Camphoric, 


— Cif 2 

Camphane, 


(Sec Pease and Taylor, he. cil.). 

More information may be obtained on the mechanism of the 
reaction as a result of further experiments, particularly on the 
oxide of glucinum, as the eases in which this substance is more 
active than thoria or alumina arc limited, generally, to the pro* 
duetion of esters from mixtures of alcohols and acids (D.R.-P. 
201878). 

Selective Promotion . — It will be shown in the exjieiimental portion 
of this paper that in the presence of a promoter a slightly larger 
percentage of carbon dioxide is obtained in the final gas than 
with the catalyst alone, under conditions which preclude the 
possibility (verified by te.-ts) of (lie decomposition of the carbon 
monoxide to the dioxide and carbon. Carbon monoxide will react 
with water as follows : 


co h 2 o ~ ' co.» ~ h.„ 

and, as is well known, promoter* are capable of accelerating this 
reaction. The effect of various promoters iia< been determined 
and it is hoped to communicate the results in a later paper. It 
lias been found that the velocity of this reaction at 189—280' is, 
with nickel alone, much smaller than that of the methane synthesis. 
It would appear, therefore, that when two reactions, both capable 
of being accelerated, take place at the same time in the presence 
of the same catalyst and promoter, that which is normally the 
slower is accelerated to a greater comparative degree than that 
which is normally the faster. Support for this statement was 
obtained whilst investigating the action of carbon monoxide on 
excess of steam in the presence of nickel, and nickel ami promoters. 
Whilst carbon dioxide and hydrogen arc the main products of the 
reaction, methane is also formed, the quantity of which is greater 
"hen, for example, alumina is present than when nickel alone is 
used. Selective promotion may be said to be operating in thes<5 
two cases. 
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(b) Carbon Dioxide and Hydrogen .— The mechanism of this 
action may be expressed in a similar manner to that described 
above with carbon monoxide, namely, 


COo H ,C 


,0 11 
"-OH 


CH»0 -> 


:ch 2 -> ch 4 . 

*('<) \ 21L. 


This repres. -ntat ion wouhl explain the formation of carbon 
monoxide, which has been found in the exit gases by various 
workers, particularly where a large cove ess of hydrogen is not used. 

Probably a simpler hydrogenation than that shown above (11) 
takes plaee. the result being a compound which is dehydrated to 
give the monoxide and water : 

Xi }-rO, }~H, -► NitHCO-OH) — > Ni : il 2 0 -j 00. 

The production of methane from carbon dioxide and hydrogen 
appears therefore to involve two more operations than is the crso 
with the monoxide. I lie catalyst takes part in an extra hydro- 
genation, and the promt it er in a dehydration. I his would account 
satisfactorily for tin* higher temperature necessary with carlxm 
dioxide, and also for the sninrw hat lower accelerating effect obtained 
by the use of promoters. 

Applications of the hypothesis outlined above will be considered 
after the experimental part (Section B). 


1\ \ v y. K l M K N T A 1-. 

Mabriah - (a) The earbtui monoxide was prepand hy the 

dehydration of formic arid with sulphuric acid and was freed from 
earbun dioxide bv p«is-u-_v through a strong solution of caustic 
s(>da. The average purity throughout the experiments was W'S 
j H »r n n t. { Minder <uio<*m dioxide was Used in the experiments 
involving thi^ ga<. 

(/;) The hydrogen wa- prepared cirri rolytieally and was of a 
high order of purity iti'.Mi per rent ). 

(c) 'Hie nieke! u-t d was prepared from nickel cubes (obtained la 
the Mond process; and eontamed a small proportion of iron ami 
carbon, f. mparatrie tots showed that these impurities wen* 
present in silcli small amounts u> to have no influence eii tu 
results A stock let ion of nickel nitrate was made frum the 
ruins, and finely divided nickel was obtain* d by tin* reduction n 
the oxide resulting from tin* ignition of tin* nitrate, dtpuitu 

pumice. y 7 

' The tei.MM.atup- and time of leduetio,. wen* vannl aeco.au, 
to the nature of the promoter, experience having shewn that » 
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oxide after the addition of substances such as silica, capable of 
combining with it, required a higher temperature for reduction 
than did nickel alone or with promoters of the type of thorium 
oxide. In genera), the reduction temperature was 330—350',* 
rising to 450 — 470 J in the ease of nic kel silicate. 

(d) The substances tested for promoter action were obtained as 
pure as possible, but in many cases laborious purification was neces- 
sary before the results were trustworthy, chiefly owing to the 
presence of traces of poisonous sulphur-containing compounds. 
Thorium nitrate, for example, was purified both by re-crystallisation 
and precipitation methods, hi this work, with the exceptions 
hereafter stated, only irreducible or difficultly reducible oxides were 
used . 

(e) Pumice (20 — 30 mesh), purified by boiling with concentrated 
hydrochloric acid, followed by the complete removal of the latter, 
was used as the support for the catalyst, after tests had shown 
that it was practically ineit. 

Preparation of CaiahjHs . — The preparation of the individual 
mixtures tested is noted below in Table 11. Wherever possible, 
the following method was adopted. The pumice was added to 
about 10 c.c. of the mixed nitrates in solution in the desired pro; 
portions, and the mixture dried between Sri' and 100 : with stirring. 
The nitrates were then ignited at as low a temperature as possible 
until completely converted into the oxides. 

It has been stated that precipitated alumina is much more active 
as a dehydrating agent than alumina prepared by the ignition of 
the nitrate, it was found actually that the method of preparation 
had only a slight influence on the activity of this substance in the 
methane synthesis. 

Concent ration of i'ntahjM.' In order to obtain comparative results, 
1 gram of pumice was used in caeli experiment, and the amount of 
the nickel after reduction was O’ I gram. The quantity of pumice 
taken was cheeked by measurement of the catalyst space in each 
experiment. The amount of promoter added varied over a wide 
range. 

Temperature. — Carbon monoxide is decomposed more or less 
rapidly above 300° in the presence of nickel, and in the majority 
of the experiments involving this gas this temperature was not 

* In view of the discussion ns to tl.c n« n -ssiiy of oxygon for the Motivation 
of hydrogenating catalysts (Willstiitter ami \t aldsehinidt-Loitz, Bcr., 1W1. 
W- 1131 it i a of interest to note that whilst the lower oxides of nickel 
were themselves quite inactive in this synthesis, there is considerable evidence 
to show that they act as promoters to the niekel, wliieh alone is only slight 
active. 
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Table II. 

Optimum con- Max. 

centration ns speed in 


Method of 

Substance + nickel. 

% of nickel. 

c.c./mm. 

Temp. 

preparation. 

Cerium oxido 

4 

1120 

270" 

IJ y ignition of 
nitrates. 

Thorium ,, 

10—12 

(500 

270 


Glucinum 

2u 

580 

27 V 


Chromium 

IV 

WO 

20 V 


Aluminium 

IV 

voo 

21)7 


Silica 

7 

430 

2UV 

Uy precipitation. 

Zirconia 

IS 

run 

2 S<) 

Molybdenum oxido 

12 

22o 

202 

Ivv. niekel nitrate- 
am m. molybdate. 

Vanadium 

Tin 

Magnesium ,♦ 

Copper 

Silver 

Xrt ae<vlt ration 

110 

21)8 

Hx. nickel nitrate - 
mm ii. vanadate. 

Nickel 


32- 3 V 

28 V --2W! 

1 Hv ignition 
i»l‘ nitrate. 


exceeded. It is to be noted, however, that the heat of reaction 
was sufl'ieiently groat to make temperature control a very difficult 
matter and the temperatures recorded below must be regarded as 
only approximately accurate. 

Apparatus and Procniun .-—The required mixture (CO : If 2 =? 1 :5 
or CO.j : H 2 — 1 : li) was stored in an aspirator over gas-saturated, 
acidified water, from which it could be passed at varying speeds 
through a drying system and into the catalyst chamber. The 
latter consisted of & straight glass-tube, fused t<> a preheating coil 
disposed around it and heated in a carefully lagged air furnace, 
thermometers being placed inside and outride tin 1 tube to 

indicate the tempTature. After ivduetir.n was complete and 
before an experiment was commenced, tin* apparatus was swept 
out by a current of the mixed gases, and between separate experi- 
ments involving the use of the same catalyst, the latter was kept 
in an atmosphere of hydrogen. In addition to volume relation- 
ships, analy-es of the exit ga>cs wit#* made and used as a further 
check on the accuracy of the a.*' pi rat or readings. 

Maximum (‘utah/tic Effort In all rases, the catalytic effect- of 
the substance under examination was measured by the maximum 
speed at which the gases could be passed over it, to ensure a .com- 
plete or almost complete removal of the carbon monoxide or dioxi c 
at tho temj>craturc employed. This was chosen as the mo 't to11 
venirnt point for comparison, although, <4 course, the space-tone 
yield can be increased by reducing the time of contact of tin e‘ LU 
• with the catalyst within certain limits. j 

The optimum com •entrat ion was determined for a nun) hT u 
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promoters and the maximum speeds attainable at this concentration 
are shown in Table If. The speeds are compared with that obtained 
with nickel alone, that is, 32—35 c.c. per min. for OT gram. of 
catalyst on 1 gram of pumice at 285 — 290°. Great difficulty was 
experienced in estimating small alb ‘rations in speed with small 
changes in concentration of the promoter round and immediately 
beyond the optimum concentration. The figures representing the 
optimum concentration therefore are given to the nearest whole 
number and the higher speeds are accurate to about 10 c.c. per min. 

In the above table those substances showing no acceleration * 
have been prepared by various methods and tested at different 
temperatures. All possible methods have not been exhausted, 
and it is promised to continue experiments on these substances. 
The results obtained by the more detailed investigation of some 
of the promoters are shown in Table 111. 




Table 

III. 




Quantity of 



Maxim 

■ :m : pf<r 

1 in c.e. 

min. 


promoter »s 
% of XL 

CoA- 

TliCV 

GIO. 

Al.O :j . 


. VA- 

Cu. 

()•“> 

300 

Go 

32 

75 

32 

32 

53 

10 

;>4o 

320 

35 

200 

40 

54 

30 

2-0 

■>ou 

•120 

— 

200 

— 

GO 

— 

30 

590 







40 

(320 







5-0 

010 

ISO 

loo 

32o 

so 

95 

— 

♦i-0 






!20 


7-o 

000 





140 


(Hi 


500 




120 


UK) 

000 

Oi Hi 

290 

450 

2"n 

no 

2G 

12-0 


GOO 


470 

22o 



150 

580 

GOO 


500 

190 



100 




4 HO 




ISO 



540 





200 

5 GO 


5sO 

400 




2341 



500 





50-0 

470 

570 

420 

380 

11“ 

21 


1 00-1) 


530 

2v> 




No action 

200-0 

380 

470 






About 10U 


350 







The results tabulated above show that no relationship can be 
established between the molecular weight of a promoter and its 
optimum concentration. One per cent, of glucinftm oxide, for 
example, with a molecular weight of 25. is one-ninth as effecthe 
as 1 per cent, of thorium oxide, with a molecular weight of 264, 
indicating that in the former case the nickel has covered the whole 
the oxide, and in the latter the promoter has been deposited 
in part at the surface of the catalyst. With thoria and to a 

* Sodium hydroxide, sodium carbonate, potassium carbonate have been 
shown to be ineffective as promoters in this reaction. 
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lesser extent with ccria, a large, ill -defined region exists in whir]] 
quite considerable changes in concentration produce no correspond- 
ing effect on the velocity. In fact, above the optimum concen- 
tration there was not with the majority of promoters that decrease 
in velocity expected on the assumption that the increase in eon- 
centration diminished the surface of the catalyst exposed to the 
action of the gases. Surface conditions arc evidently very complex 
at these concentrations, although it is probable that to some 
extent the decrease in surface of the nickel is counteracted by the 
increase in accelerating power of the promoter. 

For these reasons, the curves in Fig. !, showing the relationship 
between the concentration of the promoters named and the speeds 
have not l>cen continued far beyond tin* optimum concentration. 

Surface Covered by Promoter*.- It is desirable at this stage to 
attempt to form an estimate- necessarily only approximate— of 
the probable changes in exposed surface of the catalyst due to 
small differences in the concentration of the promoter, particularly 
round the optimum concent rat ion. 

Two eases will tie considered, (1) in which both catalyst and 
promoter are deposited on a support, (2) the catalyst is deposited 
on the promoter. 

1. With the amounts of nickel and pumice used above, that 
is, 0‘1 gram of nickel to 1 gram of pumice, or 10 per cent., it may 
be assumed for the purjmses of the calculation that a uniform 
distribution has been obtained. If the quantity of promoter, 
for example, thoria, be taken at the optimum concentration, 
namely, 10 — 12 per cent, of the nickel (at. wt. 59), then if the 
whole of the thoria (mol. wt. 264 ) is deposited on the nickel, the 
surface covered by it will be approximately 1 40 that covered by 
the catalyst. An additional l percent, of thoria will increase the 
surface area roveivd by it by I 400 (approx.) and even with ltM.l per 
cent, of thoria present, the surface covered will be but 14 to 1,5 
of the total. 

Hound the optimum cuiwi-ntration, therefore, marked changes 
in velocity with changes in concentration of promoters of high 
molecular weight would imt be exacted. 

2. Different* results are obtained when thoria replaces the 
pumice aa carrier, and for the same catalyst space about live h f J |fS 
the quantity of oxide is required. Tims assuming the nickel to 
be deposited entirely at the surface of the thoria, ol gram nickel 
on 5 grams of thoria, that is, 2 ja r cent., gives the same exptfd 
surface of catalyst as 01 gram of nickel on 1 gram of pumice. • 
.reduction, therefore, from 20 ]mt cent, to is percent, of nk'C 

means a change in surface of U) per cent., so that when the rata w 
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is deposited at the surface of the promoter, small changes in the 
concentration of the former produce important alterations in the 
velocity of the reaction (compare Section 13, The Incandescent 
Mantle). 

Influence of Temperature.- Reference was made previously to 
the fact that nickel oxide to which chromium oxide had keen added 
required a higher temperature of reduction than nickel oxide alone. 
It has been found that oxides capable of combining with nickel 
oxide under proper conditions, forming, for example, nickel 
chromate, exert their maximum catalytic effect at a higher tem- 
perature than docs either nickel alone or nickel in conjunction 
with substances of the thoria type (sec Table II). The following 
table shows the influence of temperature on the maximum catalytic 
effect of a nickel-thoria and a nickel-chromium oxide catalyst, 
respectively. 

Tabus IV. 

S]K«r| in mil:. 


Vmp. 

Ni-ThtT,. 

Ni-Cr.O,. 

295 5 

500 

550 

280 

duo 

22o 

27U 

tiOO 

02 

250 

330 

24 

200 

80 

Lev* than 10 

150 

15 

Not fstimal 


The reduction in speed shown in the case of the nickel-chromium 
oxide catalyst is greater than can be accounted for by the fall in 
temperature : alumina, silica, molybdenum oxide displayed the 
same comparative inertness below 27ft \* 

Typical analyses of the gases produced are given in the following 
table. 

Tabu: V. 

Ni alone. N’i-Thoria. Xi-Thoria. 

’IVi tip. 2 so , Temp. 270 . Temp. 180 c . 


Carbon dioxide o-4 n s ]-^ i ;j 

Carbon monoxide <KI h;> n>5 0-8 

Methane ;U-i> :;j-2 :;o -7 

Hydrogen *i7-2 07-2 07- 1 

Total H'd.'i <i<is 


Carbon Dioxide and Hydrogen . — A few experiments have been 
carried out with these gases and the maximum velocities obtained 
at the optimum concentration of promoters are given in Table VI. 
The temperature was 360 — 370° in all the experiments. 

Probably compound formation of some tvpe is t .iking place below this 

temperature. m 


3 D* 2 
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Table VI. 


Oxide. 

Speed in c.e./min. Oxide 

Speed in c. 

Thorium 

550 Molybdenum .. 

05 

Clue mum 

540 Vanadium 

58 

Chromium 

400 Ni alone 

40 

Aluminium 

450 



Table VII allows in greater detail the effect of the concentration 
of the oxides of thorium and glueinum on the speed. 


Table VII. 


Cone, as % of ! 

Sjw-ed ill 

e.e. 'min. 

Cnne. us °- ( of 

Speed 

in r.e, .'lulu, 

Is’i present. 

ThOj. 

c,io. 

Ni present. 

ThO, 

G10. 

0-1 

50 


10 0 

550 

200 

0-5 

IVJ 


200 

540 

540 

1*0 

so 

GO 

:tn-o 

— 

490 

iiO 

270 

— 

50*0 

520 



The results have been plotted in Fig. 1 . The curves for glueinum 
oxide given by the two oxides of carbon lie close together, whilst 
small quantities of thoria do not exhibit the same accelerative 
power in the carbon dioxide- hydrogen reaction as in that involving 
the lower oxide. 

}?. Application* of the Dehydration or Hydration Hypothesis. 

Promoters have bull used in many catalytic reactions, and in 
considering the probable mechanism of their action on the diverse 
catalysts employed, it is mcssiry to deal with each roaetion 
separately. The nature of the reacting substances, of possible 
intermediate eoinjmuinh, and of »*mbpniduet>, and thoir action on 
the catalytic materials must be studied, in addition, optimum 
concentrations will differ with each catalyst and with the nature 
of the support, if any. 

Action of 1 tirhon Mon ox id* on St< am. 

H has been -tab d proviou>ly that carbon monoxide reads with 
steam as follows : 

CO ; IU) , • ; H.J. 

Arm.drong and Hildib'h (/Vm\ Hoy. Soc., ID JO, \A\, 97. 2(h>) have 
advanced the theory that the effectiveness of copper as a ratal; st 
in this reaction is due to it-' power of dehydrogenating formic 
acid, which they conceive to be the intermediate compound formed. 

CO ■; ll 2 0 HCO-UH -> (JO, ; Hj. 

The Iladisehr Co. have iw d nickel as a catalyst, and as thw metal 
decompose.* steam only slow ly at a red heat, but dehydiogena t'» 
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formic acid rapidly at low temperatures, the mechanism of the 
process may be considered to be similar to that with copper 
Further, the reversibility of the dehydration process in the case 
of ethyl alcohol in the presence of oxide catalysts has been demon- 
strated by Engeldcr, who was able to show that the alcohol- water- 
ethylene equilibrium could be displaced by the addition of water 
to the incoming alcohol (J. Physical Chtm 1917, 21, 676). 

Vm. l. 

700 1 



"‘0 


• - g rwcn.TTj. 

-+ TliUj— CO.H,. 

&—-• 0 Tli(J,-CO t .E,. 

x x 010 — CO.tfj. 

>— « — ® gio— co„n,. 

*- CO,H t . 


10 


20 


30 


Concent rafton oj the •promoter expressed as percentage of nickel. 


It will follow, then, from the conclusions of these authors that 
the presence of a hydrating agent such as alumina or thoria in 
contact with the catalyst, for example, nickel, will accelerate the 
velocity of the reaction by forming the intermediate compound, 
in this case formic acid, for decomposition by the catalyst. 

In addition to copper, the action of iron oxide has been studied 
hy Armstrong and Hilditch, who attribute the formation of carbon 
dioxide and hydrogen to alternate reduction and oxidation of the 
catalyst as follows : 
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(i>) 


I H a O + Fe 
\4H,0 + 3Fc 


FcO + H 2 . 
Fe 3 Oj + 4H 2 , 


The addition of promoters to the iron or iron oxide increases 
the velocity of this reaction to a marked extent, and among tiio 
most effective are hydrating agents and oxygen carriers. F or 
example, with a mixture of iron oxide, chromium oxide, and 
thorium oxide, the veloc ity of tins reaction is at least eight times 
as great as that with iron alone (compare Pease and Taylor, loc 
cit.). On the assumption that reduction and oxidation are taking 
place only, the thorium oxide would appear to operate by adsorp- 
tion of water vapour, thus producing a greater concentration of 
this gas at the surface id the catalyst. The chromium oxide may 
act in some way as an oxygen carrier, but more probably acts in 
a similar manner to thorium oxide.* 

The remarkable increase in activity shown by iron in the presence 
of promoters, together with the known dehydrogenating action 
of this metal, suggests that the hydrogen is produced both through 
the formation of formic acid and through the reduction ami nxkh 
ution of the catalyst. In any case, hydration occurs and the 
function of the promoter will he in part to do work— hydration— 
for which it is more suited than the iron. 

The experiments to test the-e suggestions arc still in an early 
stage, but sufficient evidence has been obtained to support the 
hypothesis. 

Nickel and iron have been used as catalysts, and it lias been found 
that the speed with nickel alone is greater than with iron alone 
at the temperature of l(M> 45o . The results with promoters 
show that the accelerative iulluence with iron as catalyst is pro 
portiunatcly far in excess of that with nickel, although the actual 
speeds obtained are in the reverse order. Further experiments on 
the effect of the addition of tin* same promoter to substances 
capable of catalysing the same reaction in varying degree are 
required before a general statement on this point can he made, 
This ease imi-t not be ■ ■onfusrd with that previously cited, in 
which two reactions are taking place simultaneously in the presence 
uf the same catalyst. 

It would Ik; anticipated from the hypothesis, that a good dehydro- 
genating catalyst in contact with u good hydrating agent would 
give satisfactory result.-, and it is not*' worthy that the majority 
of the catalytic materials patented by the Badischc to. for 
in this reaction Consists of such a mixture. The following may be 

• In many oxidation involving wntrr. it has U«’n 

iron thorift i* mnn* actiw than iron chromium oxide; which wuuiil scant . 
be the raw- Tt th*> prntiu.t«»r functioned by activating the oxygen. 
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quoted as examples : mixtures of oxides of iron, nickel, and cobalt 
with oxides of chromium and thorium ; oxides of vanadium and 
chromium; oxides of manganese and chromium, of copper and 
zirconium, of lead and tungsten, and of cerium and chromium. A 
comparison of the results given by these mixtures would be of 
great value, in particular by the last-named; this consists of two 
excellent hydrating agents, which under suitable conditions act 
also as oxygen carriers. 

The I ucandf’.Hr.eitl Mantle. 

In general, an oxygen-carrier such as manganese dioxide, 
vanadium pentoxidc, or cerium dioxide is used in conjunction 
with a base such as thoria, alumina, etc., in the making of a gas 
mantle. A mantle consisting of 0 9 per cent, of ceria together 
with 99*1 per cent, of thoria is the only one used extensively by 
reason of its high light emission, strength, and life. 

Now, tin? oxidation of a hydrocarbon in tin* presence of a catalyst 
may be considered as taking place in two stages, namely, (1) the 
addition of oxygen to form an intermediate compound, and 
(2) decomposition of the latter to give carbon dioxide and water 
(compare Bone and collaborators. T.. 1903 <1 stq., for papers or) 
the oxidation of hydrocarbons). 1 bus the maximum catalytic 
effect would in all probability be obtained by using a powerful 
oxygen cairier in conjunction with a strong dehydrating agent. 
Such a mixture as eeria- thoria fulfils these conditions, so that, in 
part, at all events, the superiority of this mixture may be attributed 
to the fact that the ceria acts as a promoter to the thoria, its 
particular function being to form the intermediate compound for 
dehydration by the thoria (compare Pease ami Taylor, loc. cit 
who have also suggested that the ceria acts as a promoter). Further, 
the fact that the light emission falls when the content of ceria is 
increased above 1 per cent, may be explained on the assumption 
that the thoria acts, not only as a catalyst, but also as a carrier 
for the promoter, and, as shown previously {see Experimental part), 
under these conditions a small increase in the amount of the ceria 
present is sufficient to cover a large surface of the thoria. 

The combustion of hydrogen may be explained on similar lines 
to those indicated above, but the mechanism of the oxidation of 
carbon monoxide appears to fall in a different category. Rideal 
and Taylor {Anah/at. 1919, 44, 89) have shown that the preferential 
combustion of small quantities of carbon monoxide in hydrogen 
^oe$ not take place through the operation of the water-gas reaction, 
i- H 2 0 H 2 + (U, at low temperatures, iron or copper,, 
chromium oxide and ceria or thoria added in small quantity, 
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being used as catalyst. It appears, however, somewhat difficult 
to account for the action of a poor oxygen activator such as thoria, 
and further it can be shown that with the same quantity and type 
of catalyst as was used in the preferential combustion experiments 
the water-gas reaction takes place to an appreciable extent at 300°, 
The combustion of carbon monoxide under higher temperature 
conditions than those used by Rideal and Taylor has been con- 
sidered to take place through the action of the water present 
(Dixon, Phil. Trans., 1S84, 175, (H7 ; compare also von War- 
tenberg and Sieg, Ihr., 1920, 53, [/>'], 2192) as follows : 

2CO -{- 211,0 2COg 211, 

2H, -{-()., = 2 H a 6 

in which ease, the functions of the thoria and ceria are similar to 
those of the catalysts in the water-gas reaction. It is hoped to 
test the above suggestions experimentally in the near future. 


,St hrtivc Catalysis. 

In working on reactions similar to that of the synthesis of 
methane, where one or more intermediate compounds are assumed 
to be formed, it was thought that by adding a suitable substance 
in siuall quantity to the catalyst, it should not be impossible, 
provided the correct physical conditions were obtained, to prevent 
the reaction proceeding to the methane stage and to obtain 
interesting products. A few experiments were tried, but the results 
were entirely negative. 

Rosenmund, Zetv.se he, and Heise (/>»r., 1921, 54, [li\. 425), 
working on similar lines, found that by the addition of suitable 
promoters or inhibitants tiny were able to control the reduction 
of benzoyl chloride in the presence of palladium in such a manner 
that the chief product might be henzaldehyde, benzyl alcohol, ixmzyl 
benzoate, dibctizyl ether, or toluene. Die regulating substances 
were chosen to contain an element of variable valency, but appear 
also to have contained one of the ordinary catalyst poisons, for 
example, quinoline heated with sulphur was most aeti\e. 


( 'oiu'lusian . 

It ha* Ijoen shown in this paper that 

(I) Tli<' action ..f |imni. ters in the svntlicsis i.f imtliam' m® 
rarlxir. monoaido and hvdn eon. and carlmn dioxide ami hx'drogen 
in the presence of nickel, depends ,.n the dehydration of an unstawc 

intermediate compound. . 

. (2) Promoter* may act selectively. 1 he action of a pto 
discussed may la- classified temi>orarily as follows ; 
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(i) The promoter decomposes intermediate compounds formed 
by the catalyst. 

(ii) The promoter causes the reacting substances to combine 
the resulting intermediate compound being decomposed by the 
catalyst. 

(iii) The promoter adsorbs or combines with one of the reacting 
substances, producing a greater concentration of the latter at the 
sui-face of the catalyst. 

The study of promoters is being continued partly on the lines 
indicated in this paper and partly with reference to those reactions 
involving direct hydrogenation of unsaturated compounds. The 
influence of groups such as OH, XH 2 , etc., is being determined not 
only on the velocity of hydrogenation but also on the type of 
promoter required. 

The work described above was carried out in the laboratories 
of the South Metropolitan Oas Company, and the author is indebted 
to the Directors of the Company and to E. V. Evans, Esq., Chief 
Chemist, for permission to publish the results. Thanks are due 
to H. Stanier, Esq., for much advice, and to Messrs. Townsend 
and Harvey for assistance in some of the experiments. 

South Metropolitan Gas Company, 

Old Kent Road, London, S.E. [/?*«;«<*, M<irch 20 th , 1923.] 


WAX. — The Mobility of Symmetrica! Triad Systems, 
Pari II, The Condition# Dvlatiwy to Systems 
I emvinated !>y the o -Pheaylou Croup, Derivatives 
of Ivd cue. 

By Christopher Kklk I no old and Henry Alfred Piouott. 

In discussing the mobility of the s ysicins reviewed in Part I (T., 
PC2, 121, 2381), two classes of evidence were employed : 

(*f) Proof that two asymmetrically substituted derivatives, 
iriiich, from the methods of their synthesis, .should have formula* 
M1(< h ** C ti H 4 Me-X:X-C 6 H 5 and CgH 5 -XH-X:X T *C (; H 4 Me, differing 
I' 11 !} in the position of the, mobile hydrogen atom and double 
J0IKl * are actually identical (symmetry test). 

(B) Proof that this single individual behaves as if it were a 
fixture of the two forms that compose it. by giving four substances 
instead of two when treated with reagents that rupture the molecule t 
a t the double bond (fission test). 
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To these we may now add a third class of evidence : 

(C) Proof that the single individual referred to in (4) behaves 
as if it were a mixture of the two forms, by giving two 
isomeric substances such as C 6 H 4 Me’NR*N!N*C 6 H 5 and 
C 6 H 5 *NR’NIN*C 6 H 4 Me, when the mobile hydrogen atom i 3 
replaced by an alkyl or acyl group (substitution test). 

It need scarcely he said that these three tests for mobility should 
support one another, as, actually, they invariably do. 

In Part I the four systems 

-N(H)*x:x- -X(H)-ch:x- >c(ii).rH:c< 

were examined as regards their mobility when terminated by two 
phenyl groups, and the conclusion drawn was that whereas Iliazo- 
aminobenzene (1) and diphenylformamidine (II) are undoubtedly 
tautomeric, the systems present in henzvlidenebenzylamine (HI} 
and diphenylpropcne (IV) are absolutely immobile; so much so 
that isomeric change could not he observed even at fairly liio(i 
temperatures. 

a.) c 6 h 5 -xh-n:x<vi. o G H 5 <'H/X:oiKvf. tm.) 

(H.) o 6 ii . * x h •( ’ n : x ’0 6 u . (.■ 6 h 5 *ch 2 -oh:( < h4 i 6 h. av.j 

Having established these facts, it was decided to turn next to 
the corresponding series of cyclic structures in which the two 
phenyl groups of the* tirst series arc replaced by a single phcuvJene 
group. The four parent substances arc therefore azimiimbenzene (V). 
henzimiuuzole (VI), / ^/in*l*.ili* (VII). and indctie (Vlll). 

Ml XU ('ll, m, 

j ; x 1 , vii ; x rH 


X X (II vu 

(V.) : VI.) i VI 1. 1 (Vlll. I 

As regards the lirM of these, (Iriess at an early date drew the 
conclusion that aziminobrnzrne (V) is symmetrically ec instituted 
because two aziininohenzoie acids, which, from the mode nf their 
preparation, should haw tin* formula* (IX) and (X), wen 1 found 
to be identical (/></'., l^S’j, 15. lSTs), a result which was subsequently 


CU,H 


XH 

/ . 

i X 


OMI 



NAr XAf 

x «•», ’ x/ \ 


.A -A 

(ix. i i\.) ixi.i ixd*) 

, confirmed by Zincite and Helmert {Amuihn, 1S!N>. 291 313). 
AziininobeiTcm* sutislies, therefore, what we have called the 
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symmetry test (d), and although no suitable way of applying the 
fission test (B) has yet been found, it is interesting to note that 
the substitution test (6) is satisfied. Zinckc and Lawson (AnTialen 
1887, 240, 119), by acetylation of aziminotoluene, obtained a mix- 
ture of two isomeric acetyl derivatives (XI and XII), which on 
hydrolysis gave back the same parent aziminotoluene. Zincke 
and Lawson themselves regarded the acetyl compounds as physical 
isomcrides, but this they certainly are not, because they can co-exist 
in solution both at high temperatures and at the ordinary tem- 
perature. There can be no question but that they are structurally 
isomeric, and the fact that on hydrolysis they give the same azimino- 
toluene constitutes additional confirmation of the mobility of the 
three-nitrogen system present in that substance. 

The same two types of evidence (A and Cj support each other in 
proving the mobility of the triad system in benziminazoie (VI). 
Thus the rational synthesis of the compounds (XIII) and (XIV) 
leads actually to a single individual which, on methylation, gives 
a mixture of two isomeric X-niothyl derivatives (XV) and (XVI) 
(0. Fischer, J. pr. Chnn 1900, [ii|. 73. 419; HN.iT, [ii], 75. 88; 
and others). 


(XTIT.) 


XH 



XH 



( ’.Me (XIV.) 


X 


X-Olfj, 

PH 7 \ 

(XV.) I ('Mi* 

\ /\ 

■-./ \ • 

X 


chJ 


x-ch 3 

('Me (XVI.) 
X 


Up to this point, therefore, the paralleli>m witli the open-chain 
>eries in which the triad system is terminated by two phenyl groups 
bolds good : both in the open-chain and in the cyclic scries the 
systems XH>N!X and XHdTUX arc actively tautomeric. There- 
:ore, special interest attaches to the two remaining types (VII 
uid VIII), containing the systems (’H-XU and CH*CH!C which 
ire known to be inactive when terminated by phenyl groups. 
Lnfortunatclv, it is not yet possible to complete the intended 
comparison, because, although indene (VIII) is the parent of a large 
and important series of compounds for which several general 
methods of preparation are known, neither iVoiiidoIe (VII) nor 
ln y of its derivatives appears to have been prepared hitherto, and 
therefore it has become necessary, not only to synthesise /soindole; 
rtself and study its reactions, especially fission a nd-s institution 
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ructions, but also to work out general methods for the preparation 
of derivatives suitable for the application of the various tests for 
mobility given on p. 14G9. Thus we have been compelled to under, 
take a somewhat lengthy investigation of the chemistry of woindole 
and its derivatives before making any attack on the special problem 
of the tautomeric mobility of the substance, and it has scorned 
desirable, therefore, in the meantime to push forward the projected 
series of experiments on the tautomeric mobility of indene. The 
results have justified this decision, for these experiments have 
yielded the first evidence of a marked difference between the 
structural conditions present in the open-chain and cyclic series. 
Unlike diphenylpropene, which is definitely static, indene is mobile, 
being strictly" comparable in this respect with aziminobonzene 
and benziminazole. 

Tt would be premature at the present stage to discuss the reason 
for this extraordinary contrast, and it is proposed to reserve the 
question until the intended comparisons have been completed; 
but it will be noted that the ease of indene is a significant indication 
that the general conclusion, stated in Part 1 (/or. cil, p. 23S4), as 
to' the structural conditions which determine mobility, although 
substantially correct as far as it goes * must be regarded, nevertk-- 
less, as a very crude approximation only to the truth. 

It is not necessary to enter in detail into the previous attempt* 
which have been made to examine the mobility of indene by the 
symmetry method, because these attempts have invariably involved 
substitution in the three-carbon system itself. Thus Courtot 
\compt. raid., 1915, 160, 523) showed that l-benzylmdenc (Mil), 
prepared from benzvl chloride and magnosio-indcne, is different 
Lm but verv easily convertible into, ;b benzyl indetie (Mill), 
Thiele and Jiiihuer had previously obtaine d 
347 - 49 } from bcnzylidcncindene (X I X) by reduction. Xo nltm.pr 
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(■•Clljl’li OCHWi 

win.) * (X!\ ) 

.1 the reversibility of the iniori’onw- 
and whether or no the benzyl) iidcnes 


sion which he hail ..iwrvi-u, ami » - ; ^ 

are actually the individuals of a tautomeric systcu • ^ 

deduced from O-urtot s work; but even if they arc 

* for exanq.!,., ih- t , m« «-■ i * 

fc.cpinjr n-irii the mrn-UlK.ii imlutitoU m 1 art l 
capArity for Atcvlation. 
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not follow that ■ the unsubstiluted throe-carbon system present 
in indeno itself is not mobile, because it lias been shown (Bland 
and Thorpe, T., 1912, 101, 871, 1740) that the presence of an 

or y-benzyl group suppresses the mobility of the three-carbon 
system of glutaconie acid to a remarkable extent. 

It is, however, quite unnecessary to tamper in any way with the 
three-carbon system of indene to obtain an experimental proof or 
disproof of its symmetry. One can proceed as follows : first, two 
substituted indancs, one a 1 : 5-derivative (XX) and the other a 
1 ; (j-derivative (XXI), are synthesised, and each of them is rigor- 
ously orientated ; then, by elimination of the group H— X, each 
indane is converted into an indene which is substituted only in 
the benzene nucleus; the identity or non-identity of the mono* 
substituted in denes (XXII and XXIII) thus obtained establishes 
the symmetry or dis-symmetry of the unsubstituted triad system 
present in the indene nucleus. This is the plan on which the 
present investigation has been based, and it may here be stated 
that the results clearly demonstrate the symmetry of the indene 
system. 

CH 2 CH 2 OH, OIL, 

*/\/\ /\/\ V /\/V /\/\ . 

A | | CH[H] A I CH[H] A i I CH J | OH 

W \/\/ X/\/' \/V/ 

CH|X] CH[X] OH CH 

(XX.) (XXI.) (XXII.) (XXIII.) 

Our experiments have throughout been directed to the pro- 
duction of a pair of isomeric l-hydriudamines, either of the types 
(XXIV) and (XXV), or of the types (XXVI) and (XXVJI), from 
any of which ammonia could lie eliminated to give substituted 
indenes. With this object, a close study has been made of a con- 
siderable number of indancs in which the group A has been XO,, 
NH 2 , XHAc, OH, or Me, while the group X has been either XH, 
or some group which can readily be converted into an amino-group. 

rn 2 (IT, A CH, CH, 

A/\/\ /\/\" ,/\/\‘ /\/\‘ 

I I ‘CH, ,] | CH. ] | CH, | 1 Oil, 

\/\/ -\/\/ ‘ \/\/ \/\/ 

CH'XH, CH-XH, CH-XH, A CH-XH. 

(XXIV.) (XXV.) ‘ (XXVI.) ' (XXVII.) 

Kipping and Revis (T., 1897, 71, 250) have shown that 1-hvdrind- 
aiiiine itself (XXVIII) can be readily prepared by the reduction 
°f the oxime of 1 -hydrindoiie (XXiX). which, in turn, can be 
obtained by the action of aluminium chloride on the chloride of , 
rphenylpropionic acid (XXX). Our plan, therefore. to carry 
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out a similar series of preparations starting with o-, an ,[ ^ 
substitution products of p-phcnylpropionic acid. It will be observed, 
however, that whilst o- and ^-substituted phenyl propionic acids 
can give rise respectively to 4- and b-su list i luted hydrindoues 
and liydrindamines only. ?«-$u Instituted phenyl propionic acids 
oil the other hand, might yield 5- or 7 -derivatives of indane. For 
this reason, and also because this method as a source of indanes 
is further greatly limited by the fact that the chlorides of sub- 
stituted phenyl propionic acids do not always undergo internal 
condensation in presence of aluminium chloride as readily as does 
2-phenylpropionyl chloride itself,* it became necessary at an earlv 
stage of this investigation to discover a means of supplementing 
existing synthetical processes by finding sonic new sources of 
substituted l-hydrimlumiues. The direct introduction of sub- 
stituents into 1-hydrinduniine itself and into 1-hydriiulone appeared 
to offer jHissible metliods of preparing the required isomeric hydriud- 
amines, and therefore a preliminary investigation was commenced 
with a view to the preparation of substituted liydrindamines and 
hydrindoues directly from the parent substances. 1 he tracing 
out of the inter-relationship and the orientation of the series of sub- 
stances produced by these means have proved a tedious, and, 
in some resjjoets, an intricate task, but it has at length been com- 
pleted, and has resulted finally in the synthesis of a pair of isomerkh 


of the type required. 



(‘H. ni. 

(Tl, 

OH, 

/V V 

(llo 

/ N /V 

S 1 til, j ni. 

• nui 

! ! OH, 

\ --\ / 

<n*Xll, <<> 


I'lKXHAc 

(X.wm.) ” i xxix i 

(XXX.) 

(XXXI.) 


It is well known that aniline, <>n nitration in concentrated sul- 
phuric acid, yields a metu-MihMitutinn product, whilst acetanilide 
under similar conditions gives a pani-com|MHind. Therefore otic 
of the first plans tri* d <nn>i-tcd in directly nitrating 1 -hydrindaminc 
and its acetyl *1* ri\,;tivc (XXXI); for, if there were any difference 
between the directive influence of the aminosulphonie and acetyl- 
aminn.gri)U|i', narlion.- >in,ut<t h-a.l to two mtrnhydrind- 

aminw (XXXII an.l XXXIII) having the required relationship 
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fu each other. It was found, however, that the nitration pro- 
duct of acetylhydrindamine, now known to have formula (XXXJLV), 
was identical with the acetyl derivative of the nitration product 
(XXXIII) of hydrindamrae itself. The nitre-compounds (XXXIII) 
and (XXXIV) yielded, on reduction, amino-compounds (XXXV) 
and (XXXVI), on the identification of which the orientation of 
this scries as O-substituted-l-hjririndaimnes depends {v. infra). 

OH., 0H 2 0H„ 

M>i | I <‘H 2 Nu I I ch, V(( | i OH, 
\/\/ -•/■/ - ,/\/ 

(H-.NH, CH-.VHj CH-XHAc 

(XXXIJ.) (XXXIII.) (XXXIV.) 

on, nt, 

/ x / ' / '■ / 

(XXXV.) KH J I OH, NH J I OH, (XXXVI.) 

V/ OH-XH, ' OH-XKAc 

The second starting point was 1-hydrindone. the nitration of 
which was attempted by Kipping, who obtained, under conditions 
which he himself found difficult to reproduce, a very impure product,- 
containing, however, a crystalline nitrohydrindone. This substance, 
when pure, melted at 7fi— 77 ^ but it was obtained only in small 
quantities and was difficult to purify (T., 1804, 65, 495), so that no 
attempt was made to determine the position of the nitro-group or 
to characterise the substance by the preparation of derivatives. 
More recently {Ber., 1916, 49, 1279), von Braun and Heider carried 
out the same nitration, but did not try to purify the product.* 

We have carefully examined the nitration of 1-hydrindone, 
and have evolved a process by means of which it is possible to 
obtain a quantitative yield of a mixture of two mononitrohydrind- 
oncs, which, owing to their extraordinary tendency to crystallise 
from solvents, may readily be separated from one another and 
obtained in a pure condition. The two substances melt at 74° 

* Those .investigators converted the crude nitration product successively 
into the oximino-dcriyutivc and the I : J dikctone. 

,CIU ,CH - 

xo,e,H^ • )CH, -> XO.e,H,( ■ < ;X<m • N'C'.fC;, )CO 
x CO- CO co ' 

bat it may be doubtcrl whether they obtained either flic oximi no-compound 
or the diketone in a pure eomlition, for it- is shown in this paper that the 
ongmal nitration product, is a mixture of isomerides. Since the corre- 
sponding oximhiu-coin pounds inelt with decomjwsition. and the dike tones 
decompose before tliey melt, mixtures of isomerides would not be easy to 
cognise. 
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and 77°, respectively, and it is probable tlmt the latter is th 0 
substance isolated by Kipping. 

The orientation of these substances practical !y resolves itself 
into deciding whether they are 6- or 4-nit rohydrindones, and this 
was readily accomplished by oxidation. It is well known that 
1-hydrindone, on oxidation with cold alkaline permanganate, 
gives phthalie acid. If, however, dilute ehromic acid is employed, 
honiophthalic acid (XXXNIII) may be obtained as the main 
product, phthalie acid being produced in small amount only. 
Exactly similar results were obtained using the nitrohydrindonc 
having m. p. 74*. Cold alkaline permanganate converted it into 
4-nit roplit ha lie acid (XXXIX), which has been well characterised 
by other workers, and was readily identified. On the other hand, 
dilute chromic acid gave, in addition to a small amount of 4-iiitro- 
plithalic acid, a large yield of 4-nit rohomophthalic acid (XL), 
t he constitution of which follows first from the fact that it is prac- 
tically the sole mononitration product of honiophthalic acid itself, 
and secondly from the fact that on further oxidation it gives 
4-nitruphthalic acid. This relationship between the nitro-ketone 
and the two nitro-acids was further confirmed in two ways. In 
the iirst place, the nitro-ketone was converted into its oximino- 
derivative (XLL) bv treatment with amyl nitrate and hydrochloric 
acid, and the oximino-eompound hydrolysed by hydrochloric acid 
and formaldehyde (compare Perkin, Roberts, and Robertson, T,, 
1912, 101, 234) to the corresponding 1 : 2-diketoiie (XL11). This 
substance, on oxidation with dilute chromic acid, passed smoothly 
into 4-nitrohnmopht Italic acid. Jhc second method consisted 
in Iirst converting the nitm-eumpound into its 2 : 2-dibromu- 


derivative (X 1.1 II), and then oxidising this with |M-rinaiiganate 
to 4 nit ro phthalie acid. It is evident, therefore, that the nitro- 
compound having the m. p. 74 must he 0-nit ro- 1 .hydrinduiiL 
(XXXVII). The various relationships are summarised in Table I. 

Having orientated 6-nit ruhydrindoiu-, it then became podbb 
by establishing a connecting link with the nil ration product; 

obtained from hydrindamine and acetylhydrindainine, to oruntatc 

these substances, The nit ro ketone (XXX\I1). or its dibicuuc 
derivative (X MI 1) was first reduced by im an- of stannum! elder] e 
to the amino-ketone (XUY), which w a, then aeetylatcd , and the 
acetyl derivative {XIX ) converted into its oxime (XLu)- ^ 
substance on reduction gave an acetyl derivative (XL\ H)u 
hydrindamine. which on further acetylation gave a duicetyi c ■ 
pound (XLVIU), identical with the product of acetylation 
.Ln^unds (XXXV) and (XXXVI,. derived by the ^ 

of the nit ml ion products ImUIi of hydrindamine and ant. . 
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f reactions *° Ut>1 ^ trough tills somewhat lengthy series # 

orc<r to establish the connexion between the two 
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series, because, curiously enough, the oxime of 6-mtrohydrindone 
(XXXVII), on reduction, even under conditions in which water 
was excluded as completely as possible, yielded the amino-ketone 
(XLIV), and not, as was at first hoped, the aminohydrindaimne 
(XXXV). 

The second isomeric nitrohydrindone (in. p. 'O proved on 
examination to he a remarkahly stable molecular compound of 
0- nitrohydrindone and 4 - nitrohydrindone (XUX)* Xnt only 
was it incapable of being resolved into the simple ketones by frac- 
tional crystallisation, either from solvents or from the molten 
substance, but it also yielded a single oxime and semicarbazum*, 
from both of which it could he regenerated, whilst fractional oxime- 

and semirurbazone- format ion had no effect on its melting point 
or crystallographic homogeneity. On bromination, however, it 
yielded a mixture of 2 : •J-dibromu-U-iiitro-l diydrindone (XL1II) 
and the isomeric 2 : 2-dibronm-4-nitro-l-hydriiulone (L), the struc- 
ture of which is indicated hv its oxidation by permanganate to 
3-nit ropht ha lie acid (LI). Similarly, on reduction, the nitre 
ketone (m. p. 77 ) yields a mixture of (haminohydrindom* and its 
isomeride, 4 -amino-Miydiindone (LI1). The latter may also be 
obtained by reduction of the dihromonitro-compound (L), and its 
orientation follow-' from thi< fact . 

NO., (if, 


XII, CM. 


I, nmv I.. •»> «*"'• '’""V ,, l "■ f ;". ! ! ‘“ 

livitrimtiiui' i, miii ii m-IuM, than U an hy.!nmlum'. and W 

4-nitruli viliiml.'ii.' (.*,,« only of «!..• 

H rodu.-t\.f l-livilriiiil'iii''. it is u»ii.<.smi.y 1v. I'lwatt- t 
Mom- «lmii I'l'-pnitf II..' •; Am.n..-U. f.n. . «huh m.i> 

-lirmtlv by mlm tM -f th- n.lnun,. pimliM. ^ ^ 

aniiiiD-kcUmr r< iiminmi: m **>•* m " , l" f ’"I 1 " ' , . a ]j t he 

ivmJiTK «.,mim..|.hy,nin.loni- «!«• m.M »vi..« uU 

li.s..l.stitut. .l iiiihui' s ill s, ril.nl in this |«|«t C '»/>“)■ 

. Til." f..rm.ili"i> "i til. I" ul.ir .....liimiiml* m ^wiiml 

n«,,u. l hy.trin.W furms 

wilt, lU own ieniii-iir.’ p- **•*->* 
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Whilst these experiments on the production of 1:4- and i fj 
disubstituted indanes were in progress, a second series of experi- 
ments was started with the object of working out methods for the 
preparation of isomeric 1 : 5- and 1 : 7- derivatives. After a number 
of unsuccessful experiments, a satisfactory starling point was found 
in w-methoxy-p-pheny 1 propionic acid (LVII), which can be pre- 
pared, following the procedure described in the experimental 
part of this paper, from wi-nilro cinnamic acid (LljJ) bv reducing 
this with stannous chloride, dinzotising the tin double salt of the 
base (UV), decomposing the product with boiling water, inethvlat- 
ing with methyl sulphate the phenolic acid (LV) thus obtained 
and then reducing the unsaturated mclhoxy-aeid (LVJ) to the 
corresponding saturated acid (LVII) : 

(w)X0 2 *C B H 4 -CH:(.:H*C()Jf — NH /fVHX'Hinid'O H -> 
(Lin.) * J (LIYd 

0H-C 6 H 4 -CH:CH*(X) 2 H - - OMe‘r o H 4 -( 1 H:<. , H-(‘0. > H ■-> 

(LV.) iLYI.) 

0MrC 6 H 4 -CH 2 «0H 2 -{ .'0,H - - ( .).Me< , 6 H 4 -( 'KyCKyCOCI 
(LVII.) U-VJlT.) 

It will be evident that the chloride fLYJII) of this acid might 
give rise either to 5-methoxy- or 7mtetlmxy-i -hydrindone (LIX 
or LX) when internally condensed by means of aluminium chloride. 
Actually the condensation gave an excellent yield of a single 
methoxy-ketone together with a phenolic by-product consisting 
of two isomeric substances which were readily identiiied as 
a- hydroxy- 1 -hydrindone (LX I) and 7-hydmxy- i -hydrindone (LXI1), 
both of which have been described by Auwvrs and Milliner {Ker.[ 
DIG, 49, -410), i he methoxy-ketone was readily identified as 
amethoxy-1 -hydrindone (LIX) by preparing it from o-hydroxy- 
1 -hydrindone by melhylation with methyl sulphate in alkaline 
solution, furthermore, the methoxy-ketone on oxidation bv 
means of chromic acid yields a inctlioxyhomopluhalie acid (compare 
V- 1170) together with 4-methoxyphthalie acid, which lias previously 
b(‘cn characterised. 


<'H 2 

V v 

I I fu I 


ni 2 

rn 


no 


m, 

til., 




(1() -Aiet) m ro ho t'O 

( UX ) (LX.) iLXI.) tLXII.) 

At this point in the general investigation it became evident 
la t, whilst, the first series of experiments. starling from hydrind- 
the^ ai ^ hydrindone, was leading mainly to l : de rivatives, 

: e ■ f-isomerides being produced in small amount only, the 
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second series, starting from m-nitrocinnamic acid, was leading 
mainly to 1 : 5 -disubstitutcd indanes, and only to a small extent 
to the 1 : 7-isomerides. This at once settled the question as to the 
orientation of the isomeric hydrindamines which were to be syn- 
thesised for conversion into possibly identical indenes, and it was 
decided now to employ the information which had been gained 
regarding the synthetic methods available for the preparation of 
1 Td- and 1 : C disubstituted indanes in order to complete the syn. 
thesis of a pair of isomeric 5- and ^-substituted hydrindamines. 
The starting points selected were the representative in each series 
which had been found to be easily obtainable in the pure condition 
and in large quantities, namely, 5-incthoxy-l-hjdrindonc (LIX) 
and 6-amino- 1 - hydrind* me (XLl\ ). 

'Hie conversion of 5 -methoxy-l-hydrimlone into n-methoxy. 
1 -h ydi indamine (LX IV) was readily accomplished by reducing the 
oxniie (LXIII) with sodium amalgam and acetic acid : 

Hi, ^ n \ 2 

M.O,/ . M, "| ' v in. 


M.or 


CM, 

,-\ “ 


\ . , / “ \/\/ \/\/ 

r() t’iXOll 

(LIX.) (LX Ul) (LX tV. ) 

U- \min«»-l-hyilrind«»n»' was now converted into 0-methoxy- 
1 •bvdrindainiim (LXVHl) in the following steps. The amino-ketone 
%vas !ird diazotUed under conditions carefully regulated so as to 
avoid the introduction of an oximinu-group into position 2, and the 
(i.hv.lroxv-ldivdrindnne (LXV) thus obtained methylated with 

m.-thvl si'iMiate. Thi> .m-tlM.xy.k-ton.- (I.XVI) was thmrw.ywl.d 
ilU „ mr'll'>XV-k' toxilnr (I.W'IlK wllli'll. oil !V‘lll<‘tl"Il, JU'l'H 
(i-m* -thoxy-1 hydiiisd tmiin- ; 

ell. ( ' ll 2 


fl.xv.) 


Hn 


til, 


M.u 


nr, 'i.xvi.) -■ 


( < > 


t u 


ell, 


1 1.\ v II. 


ft nerd M-.ir 


Mr I >' 


r I V !»»• 


til. 


Met) 


\/ 


('\U 

/ x ni 2 (LXVI1I.) 

(".Null Cll-XH., 

j,| that the two .mahoxyl.ydrindanii* 

„.x,v lAvm,. - a- 

tlwk-N*, 0... IAO nmtlmxyl.y.lnmlain.rus. «h» 
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their salts, readily lost ammonia, yielding 
iudcne (LXIX or LXX) ; 


'■ IC same melhoxy- 


{LXIVJ 



OH 

(LX IX.) 


OH, 

OMe' I } :U 
OH 

(LXX.j 


(LX VII I.) 


The formation of the indcne takes place with cjuitc remarkable 
ease. Thus the hydrochlorides of the two hvdrimlammes, on 
melting in the absence of any reagent, give an immediate precipitate 
of ammonium chloride, from which the indent; may be removed 
by filtration or distillation. It was characterised by its boiiiim 
point, crystalline pierate, and crystalline dibromide. 

Plainly, therefore, the triad system in indene satisfies what wo 
have called the symmetry test (test A) for mobility. It remains 
now to describe the experiments which have been carried out with 
a view to apply the fission test (Zf) and the substitution test (C). 

In the first place, it was anticipated (test B) that the indene on 
oxidation should give a mixture of 5-mtthoxy- and 4-inethoxv- 
komophthalic acid (LXX1II and LXXIV) ahmu with 4-metkoxv- 
phthalic acid (LX XV). 


OM</NcH,-CO.H r'\ 'H.S'O.H O.Mr/Vo,H 

^ JCO.H (>.Mt ! CUM ‘ ijVj.H 

(LXX III.) iLXXIV.) (LXXV.) 

Ihe experiment proved to be a difficult mic, however, and although 
it was found possible to obtain a partly crystalline oxidation product 
hy the use of cold dilute chromic acid, only two of the three acids 
mentioned above could be isolated in a condition of purity, nanielv. 
5-mcthoxyhomoph ilia lie acid (LXXIII) and 4-nietJioxyphthalic 
acid (LXXV). A third acid appeared to be present, but it could 
nut be freed from 4-methoxy phthalic acid. Since G-methoxy- 
1-hulrindone (LX\ I). which i n oxidatinii by hot chromic acid would 
he expected (p. 147 (i) to yield the two acids (LXXIV) and (LXXV) 
a* sole products, was found to yWd very similar mixture from 
^iiich the phthalii? acid (LXXV) alone could be isolated in a eon- 
( j lt !? 1 ! °! I )ur *'. Vs "A* ure of the opinion that the hnmophthalic acid 
( ^ XIV) is actually produeed by oxidation of the indene, but that 
uj\ing to its similarity in solubility to 4-mothoxyphthaiie acid, and 
a so because the separation is rendered more difficult by the pro nice 
0 llr S e quantities of. amorphous products, we were not able to 

? 0a e ^ ^ rom the somewhat limited nuamitv of material at our 
disposal. 1 
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The orientation of 5-methoxyhomophthalic, acid (LXXllh 
follows from the fact that this acid is produced along with 4-methoxy 
phthalic acid (LX XV) by the action of hot chromic acid on 
5-methoxyhydrindene (L1X). 4-Methoxyphthalic acid has p re 
viously been prepared and has been characterised by other workers 
Experiments on the application of the substitution test (C) 
yielded interesting results. One 1 of the simplest ways of re piacin r 
the potentially mobile hydrogen atoms in the indenc appeared to 
be to condense it with benzaldehydc, which, it was expected, would 
give rise to a mixture of two benzylidencindenes (LXXVl and 
LXXVH), or, possibly, the hydroxybenzyl derivatives of the.se 
substances (Thiele and Buhner, Jnnalf n, ItlOfi, 347, 208) nameh 
the compounds (TAX VII 1) and (IA XIX) : 


(THPh 

(LXXVl.) j ('ll 

\/ \ 

('ll 

CK 'Ill'll 

(Lxxviii.) CH 

(H’lll’Ii'OH 


ex: ill'll 

OMi-f ( i:fI ILXXV1 'i 
OH 

ITHI’li 

, \/\ 

omJ i <’H d.xxix) 
V . / ' 

c-niPh-oH 


Actually a mixture nf two substances corresponding in n imposition 
with the compound-* (LXXVIII) and (LX XIX) was obtained, but in 
this case also, owing to the >imilar solubilities of the compounds, it 
was found possible to isolate only one of them in the pure condition, 
When benzaldehydc was replaced by piperonal a mixture was 
obtained which wa.* readily separated by fractional crystallisation 
into two pure constituents, doubtless represented by the two 
formula* (1AXX) and (LX XXI). together with a mixture of 
fusible sub>tan< cs having tin* eoinpisition of tin* compounds 
(LXXX1I) and LX XX I Hi. one nf which was isolated in a state of 
purity* 


mix mix 


mix rxnx 


i rn 

<TI 

(LXXX.) 



n.\M. 


O.Me 



til (-rU((.)H)X 

IAXXI.) iLXXXli.} 

X denotes 


:/ \‘H 

V VciKOM 

(LXNXUI.) 


* ( ii 'iiiiet rital Hoiu* n.-an Inn m v» r been previously ith.^und aiiiO e^ 
ftlkylid* niurcl* ties, tut. I tlx-n-fote it is very imprnbnUe tlmt tl w (h ° ^ 
of the fornwtiou o ( tin* pain* « »i isoim-ndes mention* <t. 
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those experiments, it follows that the three-carbon system 
ndene nucleus is a mobile* m ■ .. y m 


From 


^ ~ x, lujjows mat the three-carbon system 

m the mdene nucleus is a mobile system, and, since it satkfi 
the test of symmetry, of substitution, and in all probability thS 
of fission also, it must he regarded as in every way comparable 
with the mobile systems present in benziminazole and azimino 
benzene the evidence now provide.! being strictly parallel to that 
supplied by 0. 1 < ischer in the one ease, and by dries* and Zineke 
in the other. 


E X P E R I M K \ T A I.. 

l-Hydrhulone (XXlX).-Thc Miydrimlone required for the e 
experiments was prepared from ‘.-phenyipropionyl chloride by 
internal condensation in the presence of aluminium chloride The 
improved modification (Ingol.1 and Thorpe, T„ itil'j, 115 1491 of 
the original process described by Kipping fl\, 1 894 , 65’ 41 
dosely adhered to excepting in the following respect it was found 
that by employing very finely ground aluminium chloride instead 
the ordinary form, the production of ketone took place almost 
quantitatively and in the course of a few seconds. It was necessary 
:o use a large flask in order to pre vent loss of material during the 
rery sudden evolution of hydrogen chloride. O11 adding ice a 
arge proportion of the 1-hydrindone formed crystallised, but’ it • 
vas found convenient to isolate the whole together bv extraction 
nth ether, from which 011 evaporation it was obtained in a very 
Jure form, so that purification by the tedious process, hitherto 
ised, of distilling in steam was unnecessary. The average yield 
vas 90 per cent, of the theoretical. * 

l-Hi/drindamine (XXVIII).- The hydrindamine required was 
irepared by reduction of 1-hydrindoxime exactly as described bv 
upping and Revis (T., IK 07 , 71 , 2d0). “ 


(d) 4- and ft-Suhshfutittn Product* of \~Hiidrindamuu. and 
l-Hffdrindoio . 

^ dmtion of 1 -Uydrindauun* .—This was U>t carried out hv decom- 
)OMng Jiydnndaniine nitrate with eld concentrated sulphuric 

1 Hydnndanunc titrate.— An aqueous suspension of i-hydrind- 

mc Mas exactly neutralised with dilute nitric acid, and the 

ion evaporated to dryness. I he product separated from 

-atcr m coburiess needles, m. p. 13 o — 138 (decomp.). 

erv J < XXXm > T,u ‘ nitmU ' i n grams) was 

t p 1 * * * * * * 8 , Ua sirred in to c.e. of concentrated sulphuric acid 

u ® addition of this tjua ntity should occupy not 

ltU1 thirt y*fi v o minutes, since, if it is performed t^o rapidly, 
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much decomposition will occur.) The mixture was kept f (ll * a 
further thirty minutes at —10° to —5°, allowed to warm to (P 
and poured into 80 c.c. of ice-water, from which, on standing’ 
6-nit ro-l-hydrindamino sulphate crystallised in aggregates of 
minute needles. These were separated and decomposed with 
sodium hydroxide, which precipitated the free base as an oil, which 
rapidly solidified and on crystallisation from very dilute alcohol 
yielded very pale yellowish -green lamina 1 , m. p. 40°. These yll 
keeping in the atmosphere for a short time, became opaque and 
then melted at 50 — 55\ The crystals were therefore dehydrated 
in an evacuated desiccator over potassium hydroxide, and the 
anhydrous material crystallised from dry ether, from which it 
separated in colourless, elongated prisms, in. p. 60 -01 5 (Found* 
V ~ 60*35; H - 6*0. V<,H 10 O.,X 2 requires (,' fio ti l; H 5*60 
per cent.). A further quantity was obtained, mixed with a little 
hydrindamine hydrochloride, by decomposing the mothor-liquors 
with the theoretical amount of barium chloride, filtering from the 
precipitated barium sulphate, and evaporating the filtrate to dry- 
ness. The solid residue, on a single crystallisation from water, 
deposited the hydrochloride of the nit ru- base in a state of puritv. 
The total yield was 85 jht cent, of the theoretical. 

The substance melting at to ! appeared to be an unstable hvdrate, 
The actual melting point varied with the proportion of alcohol in 
the solvent, and only when much water was present was a well- 
defined substance obtained 

The actttjl derivative (XXXIV) was prepared hy diaking a sus- 
pension of the base in aqueous sodium hydroxidv with a small 
excess of aortic anhydride. It separated from alcohol or dilute 
acetic acid in small, cnlnurle» needlo, m. p. 1*0 (Found; C- 
50*60; 11 5*40. t' H li n quires (' 50*0:1; 11.-549 

jx*r cent.). 

l-.Uvtyfani intftwhnii \ . b*< tylhjj'iri tulmnin > ) (XX X I). — This sub- 
-tame u a- prepared from hvdrindamine e.virtly as in the <*asc 
of the above nitro-dirriatrio. It separated from dilute alcohol or 
dilute acetic acid in colour Ir.v- pri>m'. m. p. 12o (1‘ouud ;C — < 5*30 ■ 
11 -7*77. 1 ii 1 1 13 * >X p-quire-* (' 75*38; 11 r-lS ]ht cent.). 

X it ration of do tylhiplrimtamiH ’ . 1 he acetyl del ivative (•! grains) 
was added gradually to 25 r.<\ of fuming nit i h- arid at H> . and the 
solution kept for t**n tninmis and then joined into 15i) c.c. of coljl 
water. On adding ex> c.ss of -odium hydroxide, the nitroacetj ■ 
amiiio-coin|»ound sluwlv separated in a yield (3*1 grams} amounting 
to m 2 per cent, of the theoretical. It crystallised from aleoliol 
in eolourk*h.s needles, m. p, 180 . and was easily identified as t e 
6 nnroa<vJyI compound (XXXIV) described above ( 01,11 
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C-^50'75; H == 5‘o8 per cent.). No other feomeride appeared 
to be present m the crude nitration product 1 1 

6- A mino- 1-hydrindamine (XXXV).-6.NTt' ro .I.hydrmdamm e to 
grams) was dissolved in a solution of stannous chloride (8 trrams If 
SnCl 2 ,2H 2 0 in 8 c.c. of hydrochloric acid). The reduction occurred 
with rise of temperature, and was completed by heating the solution 
to its boiling point. After cooling, (he solution was diluted to 
150 c.c. and the tin removed as sulphide. The filtered solution 
on evaporation, left a very soluble crystalline hydrochloride which 
on treatment with 50 per cent, aqueous potassium hydroxide 
yielded a colourless, crystalline base. This could not be satisfac- 
torily crystallised, and therefore was characterised by conversion 
into its diacetyl derivative, in. p. 225', which was found to be 
identical with the 1 : 6-diacetyl derivative described on p 1491 
Nitration of l-Hydrindow.-l-Eydrindom can be mononilrated 
by means of fuming nitric acid (d To), but the product is contamin- 
ated by tarry substances, which render purification very difficult 
However, by using potassium nitrate and sulphuric acid under the 
conditions described below, the reaction can be caused to proceed 
smoothly and without the formation of tars. 


Potassium nitrate (10 grams), dissolved in 30 c.c. of concentrated- 
sulphuric acid, was added in small portions at short intervals to 
a solution of 12 grams of 1-hydrindone in 100 c.c. of sulphuric acid, 
previously cooled to O'. During the nitration the temperature 
usually rose to about 5°, but its exact regulation did not appear 
to be a matter of importance, provided that at no time did it rise 
above 15°. Nitrations carried out at —10 to — It.) , <y to O', and 
10° to 15° gave similar and equally saii.-faetory results. After the 
addition of the nitrate had been completed, ‘the flask containing 
the mixture was kept in ice for an hour. The contents were then 
poured on to crushed ice and the nilro-ketenes were collected by 
filtration after the excess of ice had melted. 

For the separation of the two nit ro-ket ones, m. p. 7-D and 77\ 
the dried product of several nitration experiments was extracted 
'tit successive quantities of about 2 5 litres of boilinglight petroleum 
f ?’ ^ ^ )• -Ihe first few extracts contained nearly the whole 
0 substance, and, on cooling, deposited a mixture 

0 t e tuo isomeridcs, 'whilst the mother-liquors, on evaporation, 
Jie ded the less fusible nitrohydrindono in an almost pure condition. 

"as finally purified by crystallisation from ethyl alcohol. The 
^ er petroleum extracts contained principally the more fusible 
jji ro jdrindone and • deposited this substance on cooling. The 
crops of crystals from the earlier extracts and the residues, 
ained from the mother-liquors of the later extract* were then 
'°L. CXXui. 
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combined and subjected to a similar process of separation. Xhc 
progress of the separations was readily followed by inspection 
owing to the characteristic and widely differing appearance of the 
two isom crides. 

ti’Xitro-l-hydrindone (XXXVII). — This substance separates from 
light petroleum, alcohol, or ethyl acetate in large, thin leaflets 
Very occasionally, however, it separates from light petroleum in 
slender, silky needles, which mat together, giving the substance 
the appearance and texture of glass wool. These two crystalline 
forms give identical solutions, and each, as well as a mixture of the 
two, melts at 74°. Further fractional crystallisation and regenera- 
tion from the oxime and scmicarbazone do not change this melting 
point. The substance is rather sparingly soluble in light petroleum 
but readily soluble in methyl alcohol, ethyl alcohol, or ethyl acetate, 
and very soluble in ether, benzene, or chloroform. It is yen- 
slight ly soluble in water, but the solubility is not increased by adding 
sodium carbonate or sodium hydroxide, although, after a short 
time in the cold, and almost immediately on wanning, decomposition 
sets in with the formation of tarry matter. The nitre-ketone is 
al&o unstable towards acids. It dissolves in concentrated sulphuric 
acid, giving a deep yellow solution from which the unchanged 
nitre-ketone may be recovered by adding water at once ; on keeping 
for a few hours, however, a crystalline but complex and very 
insoluble substance, probably of the unhydrobi>liydrindoue type, 
separates. The same or a similar substance is obtained if the niiro- 
ketone is boiled with coin-unrated hydrochloric arid for a few 
minutes, or if it is heated at lhO 3 with 1 per cent, phosphoric acid. 
Heating with water alone in u glass tube causes the formation of 
tars, probably owing to the action of the alkalis dissolved from the 
glass. The tone may be heated at 100' for ten minutes 

with 1 jx-r cent, phosphoric acid ami may be boiled for the slim 
length of time with 10 per cent, hydrochloric acid without any 
appreciable conversion into the insoluble compound. T lie nitre- 
ketone is considerably more soluble in hydrochloric acid than m 
water, it gives no coloration with a«jueous-alcolmiic ferric chloride 
(Found : H ■ • IdO ; H l i*. F y l i 7 < > 3 \ requires F =■= b2 0; 

H -- 4 0 jH-r edit.). 

The Hinttf was pu p, in ri by mixing a solution of the n in o-ketone 
(I d grams) in :!n e.c. of absolute alcohol with liy droxylamine 
hydrochloride pi‘7 gram), and sodium carbonate (iWi grain) dissolifl 
in 7 c.c. of water. Twenty -four hours later, the solution ^ 
mixed with twice its bulk of water, and the precipitated 
* collected, washed with cold water, dried, and purified by ujsta ^ 
tiuu from dihyl acetate, from which it separated in prisius me W ; 
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a t 193—195- (Found : N -= 14-7. O a II 8 0 3 X 3 requires X i 4 . 6 
per cent.). rj 

When the purified oxime was dissolved in boiling 10 i^r -w 
hydrochloric acid, the ketone quickly separated as an od, 
solidified on cooling. Without purification, it melted at 73 -I 74 " 
and on crystallising from petroleum was obtained in the us„,i 

characteristic flakes, m. p. 74°. On reduction xrUk • t 

,, . . I , * . reaucuon vith zinc and acetic 

acid, the oxime yielded G-anuno-l-hydrindone (p 1488 ) 

The semicarbaxme separated almost at once when an aleoholie 
solution of the ketone was mixed with an aqueous solution of semi- 
carbazide acetate. It was very insoluble and a solvent could not 
be found from which it could conveniently be crystallised although 
it dissolved appreciably in boiling aniline. It was prepared for 
analysis by washing with boiling water and boiling alcohol (Found : 
N = L40 C 10 H 10 O 3 N 4 requires X = 23'9 per cent.). When 

heated, it decomposed, without melting, at about °40° 

On boiling with a large excess of 10 per cent, hydrochloric acid 
the seimcarbazone dissolved, and although onjv a part of the ketone 
thus formed separated on cooling, by extracting with pure ether 
it was recovered almost quantitatively. Without purification 
it melted at 72-0-74-, and alter crystallisation from light petroleum’' 

2 : '2-Dibronio-G-nitro-l-hydri>ulonc (XL1II).— The nitro-ketone 
(a grains) was dissolved in 10 c.e. of chloroform and treated at 0° 
with 36 c.e. of a solution of bromine in chloroform (250 grams per 
litre), which was added drop by drop as decoloration took place, 
the first drop took an appreciable time to react, but afterwards 
decoloration was almost instantaneous until nearly four atoms of 
bromine had been added, at which point there was appreciable 
diminution in the speed of absorption. Throughout the process 
except for a short time at the commencement, hvdrogen bromide 
was evolved. On evaporation of the solvent, a solid residue was 
obtamed which, after rcerystallisation from alcohol or ethvl acetate, 
nelted at 112 . The dibroino-eompouiid forms large, stout, well- 
defined prisms which arc very soluble in cold chloroform, but onlv 
r 4tn v . f0lublc U1 ftllcr ' liyiwin. or cold alcohol (Found : Br = 47 0. 
n. !. 3 " NUl ' 2 r, “q>urvs Br = 17 7 per cent.). On oxidation with 
' ail !° Permanganate, it gives -4-uit rophthalio acid (p. 1499), and 
' , rC uctl J 511 b >' tin and hydrochloric acid or by zinc and glacial 
ic acid it is converted into fi-ainino-Mmlriiidoiie (p. 1488). 

^ reduction ta k cs place when it is warmed with sodium iodide 
acetic acid,, and it was not found possible to obtain 6-nitro- 
-^drmdonc by partial reduction. 

Zlm Mo-6.nriro-l-/iydrindcHe(XLl) This substance was formed 

$ e2 
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with evolution of heat when concentrated hydrochloric acid (O ti 
gram) was added to a w'arm solution of 6-nitro-l-hydrindone 
(3 grams) and isoamyl nitrite (3 grams) in absolute ethyl alcohol 
(20 c.c.) . The temperature of the liquid gradually rose to the boiling 
point and the oximino -compound crystallised from the boiling 
solution. After keeping at 0° for half an hour, it was collected 
and recrystallised for analysis from ethyl alcohol. The yield was 
80 — 90 per cent, of the theoretical (Found : N ~ 13*4. 0 9 H fl 0 4 N 1( 
requires N ~ 13 0 per cent.). 2-()xiniino-fi-nit ro-l-hydrindojie 
is moderately soluble in glacial acetic acid, sparingly soluble in 
cold alcohol, and only moderately soluble at the boiling temperature. 
It separates from alcohol in small, glistening plates, and from acetic 
acid in small, dense prisms which melt with decomposition at 
about 240°, the exact temperature depending on the rate of healing. 
With alkali hydroxides, it gives deep purple solutions w hich rapidly 
turn brown. The action of hydrochloric acid in the presence of 
formaldehyde is described below. 

fi-Xi/ro-l ; 'Z-dikitohijdrindtne, (XLII).— One gram of the finely 
powdered oximino-eomjxmnd (above) was suspended in 2 c.c. of 
40 per cent, formaldehyde and treated for two minutes with a rapid 
stream of gaseous hydrogen chloride, the tube containing the reac- 
tion mixture being immersed in water at 20'. The temperature 
of the suspension rose to 40\ whilst the suspended solid changed 
considerably in appearance. After keeping for a further two 
minutes, 4 c.c. of water wen’ added, and the whole was cooled to 0 C 
and filtered. The yield was TO- su per cent, of the theoretical. 

6-Xitro-l : 2-diketuhydrindcnr is a pale orange-brown, crystalline 
powder (minute needles), which, on heating to about lo0°, car- 
bonises and evolves gas. Although distinctly crystalline, and of 
homogeneous appearance under the lens, it dues not separate well 
from the usual solvents. It is soluble in alkali hydroxides and 
carbonates, giving deep brown, unstable solutions which, on treat- 
ment with oxidising agents, yield amorphous products. Oxidation 
of the dike tone itself by means of chromic acid leads to the formation 
of 4- nit rohomopht Italic acid (Found : X - ST. F 9 li 5 thX requires 
X -- 7 3 per cent.). 

fcAmino-l-hydrindonr. (XhlV) This substance has boon pre- 
pared in the following ways : 

(l) Reduction of th*: r rud>. nilrali<oi profiuct of 1 -hydrindonc, * 
boiling solution of tho crude inixt ure of nitro-comiiouiids l 1 - g 1 * 1 ®*) 
in 95 per com. ethyl aM,n| (150 o.o.) was treated with analcoW 
solution of .stannous chloride, made by dissolving gr.uiis o * 
•dihydrato jSnn,,2H,0) in a mixturo of I till o.o. of "' ,uvn !“ ' 
hydrochloric acid and 200 c.c. of 95 per cent, alcohol. Jno icH b 
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solution was added at such a rate that the heat evolved maintained 
the liquid just at the boiling point. After the addition was com 
pletcd, the solution was evaporated to 100 e.c, cooled and the 
double tin salt which had separated collected and decomposed bv 
dissolving in hot water and pouring into concentrated aqueous 
sodium hydroxide in .suflieu nt excess to keep all the tin in solution 
as sodium stannate. On cooling, a jialc- yellow substance separated 
which consisted essentially of (i-aiiiiiio-l-livdiimione This was 
colhctcd by filtration, an.l the iiltrate, which contained a mixture 
„f the 0 - and •I-amii.o-ketoiies, was worked up along with the aqueous 
alcoholic mother-liquors from the double tin salt Those* were 
evaporated to small bulk, poured into an excess of concentrated 
sodium hydroxide, and, after combining with the other alkaline 
solution, extracted twenty times with an equal volume of ether 
The ethereal solution was then extracted with successive small 
amounts of dilute hydrochloric acid, from which the free bases 
were subsequently precipitated by adding ammonia. The amino- 
ketone (la grams) obtained from the crystallised tin salt consisted 
of almost pure bamino-l-bydrindone, and after crystallisation 
from alcohol melted at 171. The base «K, grams) obtained from 
the ether extract was a mixture from which the same amino-ketone 
could he isolated by crystallising several times from alcohol 
(u) Xuluction of li- nitm-X-hydr i mlom . This reduction was carried 
out like the previous one. In this ease, however, the base obtained 
from the ethereal extract, as well as that from the crystallised tin 
salt, consisted of almost pure O-amino-1-hydiiiidone. the yield being 
"0 per cent . of the t heoivt iea I . ~ 


(in) H,, Union of 2 : -■(lihruimi-it-nilroA-hii'lriitdoin . A solution 
of stannous chloride (S-;i grams of SnCUMUl) in a mixture of 
i,l l ,(i l ' r ) « ,kI eoneentratid hydro, til. ie acid (1(1 e.c.) was 
added drop by drop to a solution of t|„. bi..mo-ketoiic (-J-.3 grams) 
m -W e.e. of boiling absolute alcohol. The resulting solution was 
evaporated almost to dryness, mixed with lo e.c. of water, and 
Poured into an excess of ISO p, r cent, a.ptu.us sodium hydroxide, 
t c )ax w as extracted with ether. atnl then withdrawn from the 
* “ taking ' v dh dilute hydioehli-iic acid, from which it was 
precipitated by the addition of ammonia. The yield of pure 
-amijKjliydnndone was SO per cent, of the theoretical, 
red ! i<ductl0n °f ^nitro-l -hydrimioxiitit. The oxime may be 
rodu^t* *°- am “? 0 'k eto,1 ° by 7nw dust and acetic acid, but the 

, \ 1011 13 by suspending the oxime (1 gram) in 20 

-|i hydrochloric, acid in which tin {2 grams) is allowed to 

^ being isolated as in tin- experiments described , 
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O-Amino-l-hydrindonc crystallises from water in deep yellow, 
flattened needles, and from ethyl alcohol in leaflets melting at 
171°. It is readily soluble in hot water or alcohol, but only sparingly 
soluble in cold water or ether. Dilute solutions in ether and in 
alcohol show a marked green fluorescence (Found: C = 72»; 
H = 6 2 ; N = 9 0. C 9 H 8 ON requires C = 73'4 ; H = 61 ; N = 

95 per cent.)- _ . , , _ 

The acetyl derivative was prepared by warming the base (0*3 
gram) with acetic anhydride (2 c.c.) until the yellow colour had 
vanished and a clear solution was obtained. On cooling, this 
deposited crystals of the acetyl compound, which was collected 
and purified by crystallisation from water. It separated in small, 
colourless leaflets, m. p. 178°, which aggregated to nodular masses 
(Found • C » 69'9 : 11 = OD. C„li n UjN requires <J = 


}t — 5*9 pc*r rout,). 

The stmiaubazoru of the aminohydrindnne was prepared by miring 
an alcoholic solution of the ketone with an aqueous solution of 
sunicarbazide acetate. After half an hour, the precipitate was 
collected and crystallised from boiling aniline, from which small, 
colourless flakes separated on cooling. The semicarhazonc is in- 
soluble in the usual organic solvents, and on heating decomposes, 
having no definite melting point (Found : X 27-2. C 10 H 1S 0X, 


requires X ---- 27 4 per cent .). 

1 .hvlrMurime (X I A I) The acetyl, immo-kitonf 

,.j )H was dissolved in ethyl alcohol (20 e.e.) and the solution 
mixed with aqueous liydroxylaminc hydrochloride (lo grams in 
4 c r of water) and tin n with 12 e.e. of 2 A -sodium carbonate 
nioit. The next day the crystals which bad separated (2-7 
W ftv i i illected. and the filtrate was eva|mrated to drmss. 
TI.C residue, having b. en washed with a small amount of water to 
dissolve out the inorganic salts, yi. ld.sl a further 0'4 gram of * 
oxime, the total yield amounting to il l grams, that is per cent. 

The oxime' is *!}iai ingly soluble in water alcohol, e'lty» 
or acetone, but dt-odv.- n a, lily in hot plana ace 
which it separates on ""ding m smaH, . f , ,jJ n\, 

2 2*' (ileromp.) (Fount) : < t4 J, H 0 *" 11 *' * ’ 

want dissolved in SUM e.e. of lmt glaem acetic a. >d, and ; tl> 4 

mixed with 2UO e.e. of lmt water and treated with 1 
]M-r ot*m. .sodium amalgam, v.bub m m t**iDI tcril t ure - 

heat developed during the n dmtion maitdatmd * j ’,^1 

Whfii I|h* ♦NV tion wa> t «1, tin i" 
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washed with water, and the combined aqueous solutions diluted 
to 1 litre, nearly neutralised with concentrated sodium hydroxide 
and then cooled to 0°. An excess of sodium hydroxide was added 
and the solution vigorously shaken for a few minutes to coagulate 
the precipitate, which was then collected and dissolved in hot water 
from which the base crystallised on cooling. A further quantity 
was obtained in the form of its hydrochloride by extracting the 
aqueous mother-liquors with ether, and then re-extracting from the 
ether by means of hydrochloric acid. 

The free base crystallises from warm water in colourless, glisten- 
ing laminae, m. p, 65°, containing two molecules of water of crystal- 
lisation (Found : C =~ 58'3; H 7*7. CjiH 14 0N 2 ,2H 2 0 requires 

0 = 58*4; H — 8*0 per cent.). The anhydrous base may be 
obtained by drying the crystallised substance first for twenty-four 
hours in an evacuated desiccator, and then to constant weight in 
the steam-oven, it separates- from acetone in stout, pale yellow 
prisms, m. p. 1G0\ The hydrochloride of the base crystallises 
from water in compact, highly refracting, colourless prisms. 

The acetyl derivative (XLVIII), prepared by the action of acetic 
anhydride on the anhydrous base, separated from dilute acetic acid 
in colourless needles, m. p. 225° (Found: C = 67*0; H = 6*98, 
Ci 3 Hi fi 0 2 X 2 requires 0 -- 07*2 ; H = 6*95 per cent.). It was found 
to be identical with the substance prepared from hydrindamine by 
nitration, followed by reduction and subsequent acetylation (p. 1485). 

6- A cthjlamino- 1 -hydri nd yltri m c thylamuioni am Iodide , 


XJ1AcC b H 2 < 


CM, 

cii(XMeJ)" 


>crr. 


—A solution of 5*7 grams of O-acetylaJninohydiindamine in 1U c.c. 
of methyl alcohol was treated successively with 34 grams of 
potassium hydroxide dissolved in Inn e.e. of methyl alcohol, and 
with 6 c.c. of methyl iodide. A vigorous reaction ensued, during 
the course of which potassium iodide separated, and after live 
minutes the solution was lilteicd. The tilt rate gradually deposited 
crystals of the quaternary iodide, a further quantity of which was 
recovered from the mother-liquors by fractionally crystallising 
from methyl alcohol the residue obtained on evaporation. The 
iodide separates from methyl alcohol in colourless prisms, m. p. 
201° (Found : 1 - 34*9. C 14 iI 13 OX,l requires 1 = 35*3 per cent.). 

Ihc quaternary hydroxide is not produced by the action of 
aqueous alkalis on the iodide, and it is necessary to use silver oxide. 
Mu heating, this substance appears to give a small yield of the 
acetyhminoiiidene (in. p, 135 c ), but by fur the greater portion is 
converted into substances of high molecular weight which have not 
)’et been closely examined. 
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^-Hydroxy - 1 -hyd rindone (LXV). — This substance* was prepared by 
diazotising 6-amino- 1-hydrindone, dissolved in 2*5 equivalents of 
2A r -sulphurie acid, with the theoretical quantity of sodium nitrite 
solution, and heating the product at 100° until nitrogen ceased to 
be evolved. The solution, which while still hot tv as filtered from 
the chocol at e-colo ured precipitate which had formed, on cooling 
deposited a portion of the hydroxy-ketone, and the remainder was 
extracted with ether. It was purified by recrystallisation from 
h ater, from which it separated in rosettes of slender, yellow needles 
molting at 171 — 153 J (Found: C — 72*7; H 511. C a H 8 () 
requires C = 72*9; H — 5*4 per cent.). It gives a violet colour 
with aqueous alcoholic ferric chloride. 

When preparing large quantities of this substance, it is un- 
necessary to isolate either pure O-mtrohydrindone or pure C-amiiio- 
hydrindone. The crude mononit ration product of 1-hydrindoneh 
reduced, and the double tin salt of the base collected and diazotLsed. 
One crystallisation from alcohol is sufficient to purify the hydroxy, 
ketone, 22 grams of wlii«h may thus be very quickly obtained from 
100 grams of 1 -hydrindone. 

Q-Mtthoxy-l-hytlrindow (LX\f). - The hydroxy-ketone (22 
grams) was dissolved in 20ft e.e. of 2 .V- sodium hydroxide and 
treated with four suceessive portions, each of 5 e.e., of methyl 
sulphate, the mixture being vigorously agitated after each addition, 
The liquid quickly became tilled with yellow k allots of the methoxv- 
u-mpound, which was collected after cooling to O', and crystallised 
from 9.7 per cent, alcohol, from which it separated in bright yellow, 
glistening lamina*, m. j). li)9 . The yield was 21 grams, that is, 
SO jH*r cent, of the theeretFal (Found: (’ ~74Tii; H -- D‘29. 

( 'loll kjOji n quire.- (‘ 74 04 ; ll 0 22 jwr lent.). 

i\-Mithoxy-\-hydrindoXitH' (LXYU). — Tlu* ketone (7 gnuiisj. 
'dissolv'd in alcohol (lo e.e.), was treated with a solution of hydroxyl- 
amine hydroehioride (4 grams) in 7 e.e. of 90 per cent, alcohol and 
to til** hot solution s e.e. of 40 per cent, jmtassium hydroxide wore 
added. Tim oxime, whi'h separated at first as an oil, was caused 
to solidify by -baking, and. after cooling, was collected. \\a>hul. and 
crystallis'd from alcohol, from which it separated in htiig. pale 
yellow needles, m. p. 137 (Found: V 67*37; H = ti’33- 
< 'loli ijO.X requii' s T 67*77; U 0*20 per cent.). 

A remarkably stable nwbntlar cwnjiound, containing one nudccu.e 
of the ketone and on** of its oxime, was obtained when the ketone 
was treated with 1*7 molecules of hydroxylamine hydroclm>ridi ,an 
excess of -odium carbonate according to ihe usual method of pK 
sparing oximes. 'lids siibManec separated from alcohol in 
yellow needles, m. p. *h» (Found : (' 7n <3; H f> ’ ' 
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0 20 H 2 iO 4 N requires C - 70 90; H = 0*24 per cent.), and did not 
appear to be capable of resolution into its components by fractional 
crystallisation from solvents, although treatment with excess 'of 
hydroxylaminc hydrochloride and boiling alkali converted it into 
the oxiine mentioned above. 

th Mdhoxy-bhydrindamine (LX VIII) .--The above oxime (6 
grams) was dissolved in glacial acetic acid (60 c.e.) and water added 
until a faint precipitate appeared. Sodium amalgam (3*5 per cent.) 
was then added at such a rate that the heat developed during the 
reduction maintained a fairly brisk action. When hydrogen began 
to be evolved, the reaction was completed by heating, and the 
mercury then removed. The aqueous liquid was made strongly 
alkaline at 0° with concentrated potassium hydroxide solution and 
extracted with ether, the base being rc-cxtraeted from the ether with 
dilute hydrochloric acid. A large proportion of the hydrochloride 
separated from the acid solution, and the remainder was recovered 
by evaporation of the mother-liquors in a vacuum. 

The hydrochloride separates from methyl alcohol in short, colourless 
prisms, w r hich melt at 250° with sudden decomposition (Found : 
Cl = 17-65. C 10 H 14 ONC1 requires Cl ~ 17*7 per cent.). 

The acetyl derivative, which is precipitated when an aqueous 
solution of the hydrochloride is made strongly alkaline and shaken 
with acetic anhydride, crystallises from water containing a little 
alcohol in long, slender needles, m. p. 130 s (Found: 0 = 69*81; 
H = 7*44. C u H 15 OX requires 0 ~ 70-20 ; H = 7‘37 per cent.). 

The molecular compound (in. p. 77 s ) of 6-nit rohydrindone and 
4-nitrohydrindone, which occurs along with 6 -nit rohydrindone 
in the crude nitration product of 1-hydrindone (p. 1485), 
separates from light petroleum, ethyl alcohol, or ethyl acetate in 
colourless prisms, m. p. 77° (Found: 0 = 60*9; H = 4*2. 
CjHjOjH requires 0 = 61*0; H = 4*0 per cent.). Its solubility 
generally resembles that of 6-nit rohydrindone, but it is more 
soluble in most solvents, the difference being most marked in 
the case of light petroleum. Like the 6-nitro-compound, its 
solubility in water is not increased by the addition of sodium 
carbonate or sodium hydroxide, although after a time the production 
of tarry material begins to be appreciable. It docs not give a 
coloration with aqueous alcoholic ferric chloride. W itli acids, it 
reacts similarly to the 6-nitro-compound, but is noticeably more 
stable; for instance, it may be heated at 185 s with 1 per cent, 
phosphoric acid for twenty minutes— treatment which completely 
converts the 6-nitro-compound into insoluble substances and^ 
carbonaceous material. Its remarkable stability is shown by the 
following experiments : 
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(а) Examination under the microscope showed that it was 
crystallographically homogeneous, and quite different in appearance 
and crystalline form (prisms) from the G-nitroketone (thin laminae), 

(б) On successive fractional crystallisation from light petroleum, 
ethyl alcohol, and ethyl acetate, these solvents being taken in any 
order, the melting point remained quite sharp and showed no 
tendency to change from its original value (77 ). Although this 
melting point is near that of 6-nit rohydrindonc (74°), a small amount 
of either ketone added to a preparation of the other caused a 
marked depression of melting point, and a mixture of about equal 
quantities of the two melted at o.V-oS 0 . 

(c) A considerable bulk of the pure ketone (in. p. 77 c ) was fused 
and allowed gradually to solidify, the crystals being separated from 
time to time in such a way as to divide the whole material into a 
number of fractions of comparable size. Each of these, as well as 
mixtures of them, melted sharply at 77 . 

Admixture with G-nit rohydrindonc depressed the melting jx>int, 
but not with the original specimen of the molecular compound itself, 

(d) The oxime (brlowb which wits formed in almost quantitative 
yield, and melted, lufoiv rccrvMullisution, at 170 — 181° (when 
quite pure, it melts at I8l : ), depressed the melting ] joint of the 
oxime of the Omit roket one, and on hydrolysis with mineral acids 
gave back the original ketone, which, without recrystallisation, 
melted at 7G-- 77 . and was identified as the molecular compound 
(m. p. 77^) by a mixed melting point determination. 

(e) The senuearba/.onc (below) was crystallised from glacial 
acetic acid, in which the semiearbaz«»ne of G-nitrohydrindone i? 
almost insoluble. No trace of any less soluble semicarbazune could 
be detected, and tie' crystallised substance cm hydrolysis by acid< 
yielded the ketone, m. p. 77 , in the pure condition. 

(y*) The oxime was separated into four fractions, all melting 
between 179 and isl , by .ryMallbatien from ethyl acetate-. 7hc- 
ketone was rrgem rated from each of those separately, and the 
substances obtained from the first and third fractions of tin: oxime 
further subdivided hv fractional crystallisation irom 
Every fraction, and all mixtures of them, melted at n or 
and showed no depression of melting j««im when mixed with a 
specimen fmm the stork of the original ketone, hut, on die our 
hand, gave a marked d. pn don with G-nil rohydnud rr. 

(g) The lo tone (in. p 77 ) was treated with enough w'”' * 
carba/.ide arrtete to combine with half of it. j llIlt , 
ketone was separated from the somiearbazonc wi;h the 
•chloroform (t li i 5 * ojMiatioii was quantitative, the A 
bring quite insoluble). and w;i- identified as the jam 1 
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77 °), The semiearbazono was then hydrolysed with hydrochloric 
acid, and the recovered ketone identified as the same pure ketone 
{m, p. 77°). specimens melted sharply, alone or in admixture. 

(A) A similar experiment on oxime formation, using half an 
equivalent of hydroxyJaminc, gave a precisely similar result. 

The ozim was prepared like that of G-nitrohydrindone (p. 1480), 
and purified by crystallisation from ethyl acetate, from which it 
separated in long, colourless needles, in. p. 18T (Found ; C ~ 56*0 ; 
H = 4’0. C 0 H 8 O 3 N 2 requires C = 56*2 ; H — 4 2 per cent.). It 
rapidly dissolves in boiling 10 per cent, hydrochloric acid, from 
which part of the regenerated ketone separates as an oil while still 
hot and the remainder in the crystalline form on cooling. It may 
be collected by filtration, or extracted with chloroform. 

The semicarbazone was prepared like that of C-nitrohydiindone, 
and crystallised from glacial acetic acid, from which it separated in 
short, hard prisms, which on heating decomposed (Found : 0 — .51 ’4; 
H - 4*G. C 10 H 10 O 3 N.i requires C = 51 ‘.I ; H = 4*3 per cent.). 

The regeneration of the ketone was accomplished as in the 
instance previously described (p. Hk7). 

The p - n itropkcnylkyd ra zone was obtained by allowing the ketone 
to react with p-nitropheny I hydrazine in boiling alcoholic solution* 
for three minutes. After cooling, the hvdrazonc slowly crystallised 
in rosettes of small, yellow* needles, which decomposed on heating 
above 200°. It was too insoluble in the usual solvents to be re- 
crystallised conveniently. 

2 ; '1'DibromoA-nitro-i-hydrindonc (L). — lour grams of the 
ketone, m. p. 11 st , were dissolved in chloroform at 9 3 and titrated 
with a 25 per cent, solution of bromine in chloroform until immediate 
decoloration ceased. The quantity of bromine absorbed corre- 
sponded with 4*15 atoms. The solid which remained after the 
chloroform had been evaporated was dissolved in hot ethyl acetate 
(10 c.c.) and allowed to crystallise until about one-fourth had been 
deposited. This was collected and again crystallised (lound : 
Br = 47*7. t\H 5 0 3 X13r 2 requires hr - 47*7 per cent.). 

2 : 2-Dibromo-4-nitro-l-hydrindone separates from alcohol or 
ethyl acetate in lopg, thin, blades, which melt at 140°. It is con- 
siderably less soluble in orcanic solvents than its 6- nit ro -isomer id e 
(m. p. 112°), which may be isolated from the mother-liquors obtained 
on crystallising the crude bromination product. On oxidation with 
alkaline permanganate, it gives 3-nit rophtltalie acid. Aqueous 
sodium iodide acidified with acetic acid does not reduce it, but by 
means of stannous chloride and hydrochloric acid the amino-ketom 
can be obtained (below). It was not found possible to obtau 
4-mtro-l-hydriiuIonc by partial reduction of the bronionitro-ketonc 
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4-Amino-l-fiydriiidonc (LI1). — This substance has been prepared 
in the following ways : 

(i) deduction of the crude nitration product of 1 -hydrindone. r p} 10 
manner of conducting this experiment has already been described 
(p. 1488). The 4 -amino-ketone was isolated from the more soluble 
portion of the base obtained from the ether extract, and was purified 
by crystallisation from ether. The separation of the last truce of 
the 6-amino -ketone was attended with some difficulty. 

(ii) Reduction of the molecular compound, m , j>. 77°. r Ph is rcduci ion 
was conducted like the previous one and the products were separated 
in the same way. The yield of the 6-amino-ketone was about 40 
per cent., and a comparable quantity of the 4-amino-ketone appeared 
to be present, although it could not all be separated in the pure 
condition. 

(iii) Reduction of '2 :'2-dibromoA-nitrO‘\-hydrindonc. This ox . 
periment was carried out like the reduction of the 2 : 2-dibromo-6* 
nitro-ketone (p. 1489), excepting that it was found advisable, owing 
to the instability of the 4-amino-ketoue, to isolate the double tin 
salt by evaporating the solution to small bulk after the reduction 
had been completed. This was then decomposed by sodium 

1 hydroxide, and the precipitated base collected (0*4 gram from 18 
grams of dibromo- ketone), a further quantity being obtained by 
working up the alkaline mother-liquors and the filtrate from the tin 
salt as described on p. 1 489. The 4 -amino-ketone was isolated in the 
pure condition by crystallisation from hot water. 

(iv) Reduction of the crime of (he ketone, in. p. 77 \ This reduction 
was carried out like the one dcserilied on p. 1489, the products being 
separated as indicated above. 

4- Amino-1 -hydrindone crystallises from water in thin, very pale 
yellow lamina' melting at 12«T\ It is moderately soluble in water, 
ether, alcohol, or benzene, from any of which it can conveniently 
be crystallised (Found: (' - - 7, To; 11 : 62. requires 

(’ 73‘4 ; H ---• 6 - l jx-r cent.). An attempt to prepare the corre- 

sponding hydroxyhydrindonc by dia/otisation led to the production 
of tarry substances. 

The acetyl derivative, prepared like the isomeric acetyl derivative 
mentioned on p. 1490. separated from alcohol in minute, colour- 
less needles, which melted at 143- 14.V. It i> more soluble in 
water or alcohol than the i.-mueridc of melting point 1<8 . 

(B) Orientation of 4- and i\-Suh*titutrd llydrindamine* <u ] d 
Ilydrindvnr*. 

Hydrindon*' may be oxidised by means of alkaline permanga 2 ^ 
to phthalic acid, but by using chromic acid under caivfnHy regu a 
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conditions homophthalic acid may be inadr* 1 
product. The method is a 

acid in quantity. 3 onVement «* ft* preparing this 

HomophtMic Acid (XXXVIII) — Thn 1 • , 

was added to 800 c.c. of a boiling solution of chromic ad ,] 18 
dissolving 300 grams of chromium trioxide and •>% c j™ 8 * by 
trated sulphuric acid in 3000 c.c. of water p , i. concen ‘ 
chromic acid took place at once and the heat ,], . , UCtl J J " of ‘he 
liquid boiling vigorously for about two 2 ^ 

flask was continuously shaken Heat wa- V " h ] ch the 

... , "‘“.risi/ii 

the homophthalic acid which had crystallised < )•>„ Tu Aftor 
separated, the liquid was extracted wM, * hr [ jtf, ^ '**" 
from the extract by shaking with a small amount!, 2^3 
aqueous sodium hydroxide, from which, on subsequent 

a further quantity crystallised (o »rams) Kcvtl , , oatloll > 

liqixors with ehor yielded a tf?* 

the combined crops from hot water gave 17 u raln *'f j, '° n ,)f 

S ml,C 3Cid and 1 S,t,a11 ‘han°l graml^phthX 

4 -Nitrohomophlhalic acid (XL)— This s, , . 
by direct nitration of homophthalic acid, by oxituL of"£ 

r,Sr ■ * «"“» *> WU& 

(i) Nitration of homophthalic acid Two m • rA i .. 

aed were dissolved ,/lti grams of fnX^X% 
the ordmary temperature. After keeping for two hours th 

S~^ Iu ‘l r ,h , a ? cqual ^ S-t 

found t - * “i " hlCh St 'l ,araU ' d collected, and was 

S I T > r , PU 7 ^"‘‘^homophthalic acid (Pound: (A 

(a) The ketone (Id grams) 
iolvinu on °° C , C ' ° f 8 * olu,1 ' m of li ‘romie acid, made by dis- 
bit ,t ”, *f rauis potassium diehromate and 18 c.c of eoncen 

StaSt ““ V"? - ° f — ^ "hole IZZ 

•i U ° t,ie ke toiie had completely disappeared and 

dher with lt H r ’ alK the 301(1 Pallets were extracted from the 
K id almost , Sodl . um ,ar honate. On adding hydrochloric 
stated (q-ko a " ?V* U> '‘' n *trohomoplithalie acid was preci- 

emaimJ ' ~ § ra m), whilst the 4-nitn>phtha]ic acid (08 gram) 

gained m solution (she below). ‘81 

ive ijl!” 011 ® experiment the ketone (2 grams) was boiled for 
6 1 ^ c ' c * a solution of chromic aciTl prepaid 
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by dissolving .30 grams of chromium trioxidc and 25 c.c\ of sulphuric 
acid in 300 c.c. of water. Most of Iho nitrohomophthalic acid 
crystallised on cooling, but a further Quantity was isolated by 
extracting with ether as described above. The yield wag 15 grams, 
that is, about 00 per cent, of the theoretical. 1 he soluble acids were 
not investigated in this particular experiment, the nitrohoiuo- 
pht Italic acid was identified with that obtained as the main nitration 
product of homophthalie acid by analysis (Found : C ~ 47 9; 
H ^ 3*2. Calc., C =« 48 0; 11 - 3T per cent.), and by a mixed 
melting point determination both of the acid and its methyl ester 

(below). wo 

(iii) Oxidation of the nitrohydrindonc, m. p. 77 . («) On oxidation 
by method («) (above), 1*5 grams of this ketone gave 0 0 gram of 
4 -nitrohomophthalic acid. 

[b) * On oxidation by a process essentially the same as method 
(6) (above), 10 grams of the ketone gave 4 grains of nitrohouio* 
phthalie acid and some amorphous products, 'the nitruhooiu. 
phthalic acid was identified by analysis (Found; C^ 480; 
H = 3 2. Calc., C 480; U 31 per cent.), and by direct 
comparisons and mixed melting point determinations of the acid 
'itself and its methyl ester with the specimens of those substances 
obtained by the methods described above. 

(iv) Oxidation of G-wi/ru-l : 2 dibtohydrintitm. Ten c.c. of a 
solution of chromic acid, prepared by dis*ul\ing 30 grams of 
chromium trioxide and 25 o.e, of coma it rated sulphuric arid in 

c c. of water, wen- warmed to 7U' and the dikeb-nc (O‘o < gram) 
Nvas added. It immediately di^olu d with reduction of the chromic 
•mid After live minutes, the solution was tiitcml from a small 
amorphous re.-idue, coled to <> , and kept at that temperature U 
ttm-e hours, after which the nitrohomophthalic and wascollccW, 
A further small amount \\u> obtained by extracting the wellti- 


♦ \ „ ill ..uni , -f ««„.!!,! i .u i.i was A iu»u the uiihnal,' ivski^ 

:.i n--<* 

T - « ' r n ^ 

; ; \ (: 'i > ij jsii.al < rv*-»t.*t-' f ttl.h-h ^ 

out.), U , * K Iijl- 

, . . ,i . 1 1 r < I ;!■ •) • /. < ’i m. 1 i *i ■ ii . 



not give » »•■>' >' rrl " ”, a ,,,, w i* 

quit. iWinil.lv lUt il « » •»'"•• “ “l''""" ‘ 

Mndaw-y to )<*> »■>'-' «»“'■ „j , to «*<•«* 

.bio to "ll.r nay *••»««- »» *“ 1 " „ s ,«(*« 

.nJ Intvo l.*l . .. t) „. u mnOTt« 11 * 

W- quantity .4 ..iut. r.,.1 w «'««*-• 
tonne- 1 hy t.\*-l*iinii i.t v.-ry 
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liquors with etlier, the total yield being 0*45 grain. The acid was* 
identified with the same substance obtained by other methods as 
in the previous experiment. Attempts which were made to oxidise 
the diketone by means of hydrogen peroxide were unsuccessful. ' 
4 -Nitrohomopbthalic acid is moderately soluble in hot water, but 
only very sparingly soluble in cold, it crystallises from water 
in prismatic needles which melt with decomposition at 220°. On 
oxidation by means of hot alkaline permanganate, it yields 4-nitro- 
phthalic acid. 

The Methyl Ester.— All specimens of 4-nit rohomophthalic acid 
were converted into methyl 4-nitrohomophthalate to confirm their 
identity, tho process usually employed being as follows. The acid 
(0*3 gram) was warmed with 1 gram of phosphorus pentachloride 
until hydrogen chloride ceased to be evolved, and the product, after 
cooling, was treated with 3 c.c. of methyl alcohol. The methyl- 
alcoholic solution w’as concentrated by boiling and diluted with 
water, and tho oil thereby precipitated, which adhered to the walls 
of the tube, was washed with water by decantation and rubbed with 
dilute aqueous sodium carbonate until it had completely solidified. 
The solid ester was then collected, washed with water, dried, and 
crystallised from dry ether, from which it separated in small tablets 
melting at 925^ (Found: C = 51*S; H = 4*6. CjjHhO^ 
requires C = 52*1 ; H - 4*4 per cent.). 

4-A 'itrophtkalic Acid (XXXIX).— This acid was obtained by 
oxidising fi-nitrohvdrimlonc with chiomie acid or permanganate, 
and by oxidising the 2 : 2 -dibromo-U-nitro-1 -hydrin clone and 4- 
iiitrohomophthalie acid by alkaline permanganate. 

(i) Oxidation of ii-nitro-bhydrindone by chromic acid. The 
aqueous solution of 4-nitrophthahe acid which was obtained in 
experiment (ii, a) described on p. U!)7, was extracted repeatedly 
with ether, and the extract dried and evaporated. The residue 
solidified after a short time, and was then crystallised from a mixture 
of ether and chloroform. The aeid was identified by its melting 
point (164 ‘T, by analysis (Found: C — 45*6; H — 20. Calc., 
0 = 45-5; II = 2-4 per cent.), and by the melting point and 
properties of its characteristic aniline salt (in. p. 1S1‘). These 
agreed in all particulars with the description given in the literature. 

(ii) Oxidation of 6- nitro-l-hydrindonc by alkaline permanganate. 
The ketone (1 gram) was suspended in 10 c.c. of 2A -sodium hj’droxide 
solution, and the whole stirred vigorously with a mechanical agitator 
while 3 per cent, potassium permanganate was slowly run in until 
the pink colour persisted. The amount of permanganate used 
corresponded with about five atoms of available ox \ gen. The 
mixture was filtered and the precipitate twice susptmded in water 



1500 INGOLD AND PIGGOTT : THE MOBILITY OF 

and treated with a current of steam. The combined filtrates were 
acidified with -hydrochloric acid and evaporated to a pasty mass, 
which was extracted with a large amount of ether. The acid 
products were separated by extraction from the ether with sodium 
carbonate, and recovered from the alkaline solution by re-extracting 
with ether after acidification. The main product was 4-nitro- 
phthalie acid, which occurred to the extent of about 40 per cent, 
of the amount theoretically possible, together with a small quantity 
of a solid, amorphous material, some tar, and some gum. The 
nitrophthalie acid was identified as in the previous experiment. 
Xo trace of nitrohomophthalic acid could be detected. 

The oxidation may also be carried out in the presence of sodium 
carbonate instead of the hydroxide, but tin* reaction is much slower 
in this ease. The main product is, however, as before, 4-nitro- 
phthalie acid, unaccompanied by any trace of 4-nitrohomophthalic 
acid The reaction is extremely sluggish if an excess of magnesium 
sulphate is present, and it is a difficult matter to bring about the 
absorption of more than three atoms of oxygen. Kven in this 
case, however, no 4-nitrohomophthalie acid is formed, the only 
crystalline product being 4-nitrophthalic acid. 

(iii) Oxidation of the nitrohydrindoae , m. j). 77°, by chromic acid. 
The 4-nitrophthalic acid was isolated from experiment (iii, a) 
(p 1403) as in the experiment (i) described above on the oxidation 
of the 6-nitro-ketone. The product was identified in the same 


(iv) Oxidation of the nitrohydrindonc, m. y. 11 \ by alkaline perman- 
ganate. This experiment was conducted like experiment (ii) above. 
The results obtained were exactly similar. 

(v) 0 delation of - : 'Z-dibromo-ti-iiitro-l-hydrindonc. the bromo- 
ketone 1 2 grams) was finely powdered and kept in suspension m 
10 c c. <>f 2 A* -aqueous sodium hydroxide by mechanical agitation 
while 3 ix*r cent. iK-rmauganate was added to keep pace with 
decoloration. The nation was wry slow .nd aln-r four bom 
on lv 2 1 atoms of oxygen had Urn used. Ihc acd osditt* 

nrislof'ts wi n- isolated as in oxp.Tim.mt (0 «»l '' tIctbu> 

obtained as a viso.ms pum, fr-.m which, on addmj: a little aniline 
wl 1 co. of othvl ah nhol. the aniline salt of 4..utn.phtha lie a« 
soimratcl Thiswas r. crvstalliscd from hot alcohol and the fm 
acd rc,c,.crat.-d from it/ It was idc, .tilled hy direct comparison 
ami bv mixed mcltino-|«.int determinations. 

(v) Option of toidroWai J W.C ^ 

2S:SZZ:2r~ Kram of potassium 
dissolves! in flee, of water, for an hour, when the co i 
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,vas filtered end the precipitate treated with steam i„ «, 
manner. The acid was isolated from the filtrates 1, v ^ 
with ether after acidifying and concentrating, and 'Ju P triZ? r 
crystallisation from a mixture of ether and chloroform n ' J 
identified by direct comparison and by mixed melting-point ^ 
ruinations with previously obtained specimens and LV 
into its characteristic aniline salt. ’ * by coarersm 

3-mropkhrtic Acid (M).— This substance was obtain i 
oxidising 2 : 2-dibromo-f-nitro-l-hydrindone with Tg? * 
manganate. The bromo-ketone (0-95 gram) was r^Zd £ 
suspended in 10 c.c. of a 2A -solution of sodium hydroxide to which 
10 c.c. of water was added. The liquid was stirred by a nJdJfcf, 
agitator while a total of 33 c.c of permanganate solution (equLlen 
to 3 atom of oxygen) was added. The reaction proceeded some 
what slowly, with intermediate formation of manganate, and “ad 
to be completed by warming. The acid product, isolated in the 
usual way, proved to be 3-mtrophthalic acid. Its identity wa 
proved by anahm (bound : C - 4~y2 • H o-c ^ a j ( c J' “ 

H - 2-4 per cent.), and by the melting point of its mixtme 'with™ 
au hent c specimen. The yield was 0-32 gram, that is, 54 per cent 
of the theoretical. r * 

(C) 5- and "Substitution Products oftlydrmdmim and Bydrindone 
m-Xitrocimiamic Acid (LIII).-This was prepared by the con- 
densatron of m-mtrobenaaldehydc with sodium acetate and acetic 
anhydride, following (he method employed by Setoff (Her J 878 

11, 1732) The acid thus obtained formed almost colourless n’cedl^’ 
m.p. 190 , ’ 

nUminocinmmc Add (UV).-This substance has been prepared 
7 liemann and Oppormann (Per., 133V, 13, 2064) by the reduction 

0 the mtro-acid with ferrous sulphate and barium hydroxide or 
with stannous chlondc. The hydrochloride was decomposed with 
aobum acetate (tiabricl, Her., m2, 16 . 2036,. or with the theoretical 
qisntity of sodium carbonate. Crystallised from alcohol, the 
amino-acid forms bright yellow needles, in. p. Is'.i (Found- C- 
<w 9< ; li « o-«6. Calc., 0 - 06-23 : 11 » 5-56 ]x-r cent.). 

,„j C : vo, which was made by the action of acetic 

•imjdncfc on the amiro.-aeid, crystallised from dilute acetic acid 
n iuuh,^ colourless prisms, m. p. 237 (Found: C = 64-44; 
m b j < "-quires (' =- 64-32; H = 540 per cent.), 

h rtlv r °T, nmmic Acid < LV >-- t ’‘* ‘he preparation of the 
the fre'V 101 - (oomi>are Gabr >el. tier., m2, 15, 2297), isolation of 
Biav i l ' an “' lo ac ' < ‘ ia unnecessary. A yield <if 50— 00 per cent. , 

1 ‘ ■ 5 oii ‘amcd directly from the nitro-acid as follows, m-Xitre- 
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cinnamic acid (70 grams) was added to a solution- of 340 grams of 
stannous chloride (SnCl s ,2H,0) in 400 c.c. of hydrochloric acid. 
The acid dissolved with the evolution of much heat, and with 
rapidly increasing velocity, the reaction finally becoming very 
violent. The clear solution, on cooling, deposited a mass of colour, 
less prisms of the tin double salt of m-aminocimiamic acid, which 
were removed, washed with a little dilute hydrochloric acid, dig. 
solved in a litre of water to which 500 c.c. of 2 A T -sulphuric acid had 
been added, and the solution, cooled in ice, was treated with a 
solution of 35 grams of sodium nitrite. The addition having been 
completed, the liquid was slowly heated to, and kept at boiling 
temperature until nitrogen ceased to be evolved. The boiling 
solution, which was til tend from the precipitated stannic hydroxide 
and tarry matters, on cooling, deposited the hydroxy-acid j n an 
almost pure condition. (W ithout further purification, it melted at 

185 189°, and was of sufficient purity for inethylation.) On 

reervstal lisa lion from hot water, it was obtained as pale bufT prisms, 
in. p. 191 (Found: C b.VTS: li -5-12. Cak\, C 0583; 
H ^ 4 91 per cent.). 

u\- M ithoxycijirmniiC acid (h\ 1) is obtained by i net hy lotion of 
the hvdroxy-aeid. Methyl iodide in alkaline Milution gives the 
methyl ester (Tiemann and budwig, 1*S2, 15, 2951), hence 
the inethylation was effected with methyl sulphate. The acid 
(UX) grams) was dissolved in 4lH> c.e. of 2.V-aqueous sodium 
c arbonate, aul methyl sulphate (100 c.e.) added in portions of 
lo ( . c with vigt.trous agitation. Wlien the methyl sulphate had 
completely dissolved, the solution was lu atcd to boiling and kept 
at boiling temperature until the odour of methyl sulphate had 
dUapJieared. It was then cooled, neutralised, and a small excess of 
hydrochloric acid added. The solution was freed from the gummy 
matter thus precipitate.!, amt treated with a large excess of hydro- 
chloric m id. He- rm thoxy-aeid was thus obtained ns a white, 
crystalline r, m. |>. l"> 1"» ■ A saiiif!.- n-erystalM fa* 

wil. rmilUil.il llo IO fTi.mann ami Ludwig j£> v »- the melting 


point as 1 11 ). 

n\-M»thoxy*;,-ph* Wp/opto/oV and { I-\ II) was prepared } 
Tieuiann ami Ludwig l>y the reduction I he above arid, l'liw 

method was followed in all saw in the isolation and pan- 

licatiuii, as it found that hy ■— Hint the alkahm- sulution Ob 
reduction and eareful addition of eold. L’d per 
acid the mid was olitaimil as a white, ery-Ullim )) 1 ■ 

which, on drying in ether and crystallising from a mixture 0 ‘t* 
a„d l, groin,’ formed dusters of colourless lanmue, m. f.* 
\*LL »k. Ludwig give the m. V . of their - rude and, after 
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pressing between filter-paper, as 51 °, and state that it was too soluble 
in the common organic solvents to be crystallised therefrom). 

m -M etkoxy-fi-phenylpropionyl chloride (UTII) was obtained 
when the acid was warmed with an equal weight of thionyl chloride 
until the evolution of hydrogen chloride and sulphur dioxide ceased. 
The excess of thionyl chloride was removed by heating to 100° in 
a vacuum. The bulk of the residue distilled at 165722 mm., 
leaving a tarry residue, and was obtained in a pure condition by 
a second distillation. It is a light yellow oil which rapidly darkens 
on exposure to air and light. On heating with water, it is 
hydrolysed to the acid (Found : Cl ^ 17*8. C 10 H n O 2 Cl requires 
Cl = 17‘9 per cent.). 

Action of Aluminium Chloride on M ethoxy pkenylpropionyl 
Chloride . — The chloride (15 grams), dissolved in 30 c.c, of dry 
petroleum (b. p. 70 — 80'), was treated with 15 grains of finely 
powdered aluminium chloride. The violent reaction, which was 
accompanied by the evolution of much hydrogen chloride, was 
completed by heating on the steam-bath for a few minutes, and 
the deep red, viscous substance thus obtained was collected and 
decomposed by ice and water. The colourless, crystalline solid 
produced was removed and crystallised from methyl alcohol. 

5 - M eth oxy- \-hyd rindon e (L1X). — This substance separates from 
methyl or ethyl alcohol in colourless prisms, m. p. 110 s , It is 
readily soluble in the usual organic solvents, excepting ether and 
light petroleum, and is fairly soluble in hot water, from which it 
crystallises in silky needles {Found: C — 7396; H — C'32. 
C l0 H l0 O 2 requires C — 74 04 ; H = 6'22 per cent.). 

The simimrbazone t which is obtained when an aqueous solution 
of the ketone is treated with semicarbazidc, separates from dilute 
acetic acid in colourless, glistening leaflets, m. p. 239". 

5-11 ydrox ij-bbjdrin don e (LXI). — This substance and its isomeride, 
7-hydroxy-l-hydrindone, remained in the aqueous solution from 
which the methoxy-ketone was precipitated after the aluminium 
compound had been decoin]K>scd by ice and water (above). The 
two hydroxy-ketones were separated by taking advantage of their 
differ* mice of volatility. 

The aqueous solution was combined with the aqueous mother- • 
liquors obtained on recrystallising the met box v- ketone, and the 
whole evaporated to dryness. The residue was then distilled in a 
current of steam until the distillate failed to give a coloration with 
ferric chloride. The residue obtained on evaporating the solution 
in the distilling flask was boiled with methyl alcohol and animal 
charcoal, and the filtered solution allowed to crystallise, whgn 
pale yellow prisms, ni. p. 182°, of the 5 - hydro x}'- compound separated 
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(Found: C = 72*75; H = 5*54. Calc., C = 72*94; 1{ = 5>4 - 
per cent.). This hydroxy-ketone gives only a faint red colour with 
ferric chloride (contrast the 7-hydroxy-ketone). Auwers and 
Hilliger (Ber. t 1916, 49, 2410) record 183° as the in. p. ami state that 
the yellow colour is due to a trace of some impurity. 

On inethylation with methyl sulphate and alkali, this hydroxy- 
ketone gives the methoxy-ketone (above) which forms the main 
product of the decomposition with aluminium chloride. 

Hydroxy ’l-hydrindonc (LX1I). — The steam -distillate (above) 
was saturated with sodium chloride and extracted with ether, and 
the extract dried and evaporated. The solid residue consisted 
mainly of the 7 -hydroxy- ketone, but it contained in addition a 
little 5-methoxy-ketone and jxwsibly also some 7-methoxy.ketone. 
These were removed by grinding with cold -bY-aqueous sodium 
hydroxide and filtering. The 7-hydroxv-ketone was precipitated 
from the filtrate by means of hydrochloric acid and crystallised 
from methyl alcohol, from which it separated in colourless, elongated 
prisms, m. p. Ill (Found: C -7293; H 5*5 S. Cale.. (; 
72 94; H ~ 5 45 per cent.). This ketone gives an intense violet 
colour with ferric chloride, and its melting point and properties 
agree with Auwers and Hilligcr’s description (foe, cit,). 

o-MethoxyA-hydrindox'tme (LXYI1I). — The 5-iuethoxy-ketonc (1 
gram), dissolved in 2 e.c. of ethyl alcohol, was treated with a 
solution of hydroxvlamine hydrochloride (0*5 gram) in 1 c.e. of 
water and 3 c.e. of iW-aqueuus sodium carbonate. After keeping 
at 50 — 6(r for one hour, colourless crystals separated, which were 
collected, washed with hot water, and crystallised from methyl 
alcohol. The oxime forms colourless, silky needles, in. p. I5I ; 
(Found : C -- 67*70; H - 6 32. C 10 If n O 2 X requires C - 67*75: 
H — 6*26 [ht cent.}. 

5- Mrfkoxtf'l-hydrhiHiitnuif (LW1II). lhe above oxime was 
reduce<i with sodium amalgam and 50 [x*r cent, acetic acid in the 
same way as its isomeride (compare p. 1493), and the ba.*c isolated 
in the same way excepting that in this case the hydrochloride did 
not crystallise until most of the solvent had been removed hv 
evaporation in a vacuum. 

The hyirochlorvb separate* from a mixture of methyl alcohol and 
ethyl acetate in stellate dusters of colourless prisms, which melt 
at 230 with the precipitation <4 ammonium chloride (Found: 
Cl - 16 9. C l0 H lt ONCI requires Cl 17'7 jht cent ). 

The acetyl derivative, prepared in the same way as its i>omiri e 
(p. 1493), separates from Aleohol in minute, colourless prism*, 
m # p. 135' (Found: C -69S; H 7*39. CjJf^hbN’ requires 
C— 70*2; H * 7*37 percent ). 
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(D) Action of Aluminium Chloride on p -Xilronhenul™ • , 

' Chloride. ' lro P lte ny l propionyl 

p-Nitro-fi-phenylpropionyl Chloride. -n-Xitro o nh , ni , 
acid (10 grams) (prepared by nitrating .p^ v C y . ,pro P 10,, . lc 
according to Beilstein and Kiihlberg’s mcthnl , yi ? 0 i )lonic ac ^ 

no ™ tow wi, h t , ltay , ;i, ts h 

chloride ceased to be evolved. The excess of thi ?* ! , h ^ drogen 

removed by heating in a vacuum at 100° Tl ™yl chlonde was 

on cooling, but the* ! u b 8tancc l wa.'fto(fun s tahde hi m ^l! S0 ^ t ^l e d 
pomt to be determined accurately by the usual method h ~? e tu ?8 
chloride was purified for analysis by distillation, but the c!S 
was always attended with the risk of explosion It J.7, T on 

204»/7 mm. as a colourless oil, whieht dified in thf ^ ^ 
(Found • 01 — lfvl pun vm . w “ amea m the receiver 
v / a 7 , L o H s°^ U requires Cl ^ 16 6 per cent 1 

p-lidro-fi-phenylpropaldehyde (LXXIJ).-This subk.ee Was 

formed when an attempt was made to convert tl,» T ! 
chloride into the 1 -hydrindone by the action of aluminium c MoS 

The solvent employed was thionyl chloride 120 cc ofwhtT„ 

allowed to react with p-nitro-^henylpro^ 
untd no more hydrogen chloride was evoked. FhelfpoldS 
aluminium ehlonde was then added to the hot solution and afS 
the vigorous reaction had subsided (about ten minutes) the’whde 

Zion ice ' tI WthCr 6 " and ^en cooW and 

poured on ice. The aqueous solution thus obtained was boiled to 

expel sulphur dioxide and then extracted with much ether the 

pSs TnZ ed "' ith r* Ue0US 80diUm Carbonate t0 ™>ove add 
L- thlS ab ° Ut 7o J)er cent of tlie p-nitrophenyl- 

!ZZZ OTlginally rf "' as reC0TCred - The neutral extract 

and senZTf *"*2 ??’ " hich "' as Sparin 8'- V solubIe * ether 
c - JL fromet M alcoho1 111 Ion g needles, m. p. 108° (Found : 

cenn T, u ^ = 60-3; H = 5*0 per 

stituHnn ° P ° r Cent ' of the t^retical. The con- 

twf j ™ p ”" d ir °-'“° n i >' 30 “*■ 

dtotlTl** obtained by warming the aldehyde (0-5 gram), 
hvdr M / C C ^ a l c °hoI, with a solution of hvdroxylamine 
hjdrochloride (0*3 gram) and sodium carbonate (0 2 gram) in 3 c.e. 

hmr Cr l ae ni * xture ha^ng been maintained at 70° for half an 
mu ’ Wa €r was added and the precipitate collected after cooling. 
m G °iQ^iQ 1 e ? ar t ted ^ rom alcohol as feathery needles, 

aldehyde ' ^ Was more so ^ u ^^ e * n alcohol than the original 

P-Nitrophenylacetic Add and ^Xitrobenzoic Acid 9 - The aldehyde 
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(1 gram) was .wanned with 10 c.c. of a solution of chromic acul 
prepared by dissolving chromium trioxjde (IK) grams), suInj/V 
acid (25 c.c.), and acetic acid (25 c.c.) in water (50 c.c.) ^ 
reaction proceeded with evolution of heat and on adding wafer tw 
crystalline acids separated. The less soluble proved to be p-nu " 
benzoic acid (Found: C = 507; H = 33. Calc., C == 30*3 ■ 
K — 30 per cent,), and the other p-nilrophenylaeetie acid (]*\ mn i 
C = 52'9 ; H ~ 4 2. Calc., C ~ 53*0; H -- 3'9 per cent,), 
acids had the melting points recorded in the literature, and the 
former was identified by direct comparison with an authentic 
specimen. 


(K) o(or 6 )-Mtthoxyin<knc and its Do i cat i as. 
o{or i))-Mithoxyindcnc (LX IX or LXX).-~ (a) From 5-.Vv/wy. 1 
hydrindamine. The hydroehlorido of the base was heated in a 
small distilling Husk, and the distillate, which contained a link, 
ammonium chloride, mixed with dry ether and filtered. Afn- r 
evaporation of the ether, the indene distilled constant Iv at 236 s> /76s 
mm., and was thus obtained in 80 |>er cent, yield as a cr.Jourle* 
liquid, which, however, turned yellow on keeping, even if >t , n y 
from the air and placed in the dark (Found : C ...: si 76; 11 - (j.^ 
CioH 10 O requires C 8214; H -- fVfX) per cent.). 

(b) From 6- Mithoxy - 1 -hydrindtiminc. This reaction was carried 
out in the same way, and the product (Found: ( 1 - 81*43: 
H 6 04 [x*r cent.) identified with the preceding on. hedireet com- 
parison and by means of the solid derivatives deseribod below. 

I he pv'mU separated as a ina^s of deep red needles when thn 
indene (obtained by either process) and picric arid were mixed in 
the correct proportions in alcoholic solution. After cry-tallisatki 
front a small quantity of alcohol, it melted sharply at (it (Found: 
X -- 1 l x. < \ t -H , s OsX 3 requires X : 11*2 percent.}. 

i he dihromo-ndditivr product was prepared In* mixing a eh Fro 
form solution of the indene with chloroform containing the- ecj uivak nt 
of two atoms of bromine. J he n-idue obtained tin ch:.'-' i it rat F ji 
crystalii* id from alcohol in jiearly leaflets, m. j». loo - lop (Found: 
Dr - .>2 21. CjplIjQt >Hr 2 reqtiires Hr 52'3o p r n ni.). 

(I) Ondati\x /Vo non of tiui Milhoxyuoi to . 

The indent* (2D grams) was mixed with twice if.- volume of srlacial 
acetic acid and added in the cold to 200 r.c. of a solution ef cliroinic 
acid prepared by dis-idving 30 grams of chromium trioxidr, -■> c.c. 
of glacial acetic, acid, and 25 c.c. of concentrated sulphuric acid in 
t*50 c.c. of wat. r. Tim mixture was shaken frequently during 
hours and then at intervals over a period of four days, after which it 
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was treated for one hour on the steam-bath, cooJecj, and littered. 
The plastic mass thus obtained was transferred to a mortar and 
ground with successive small quantities of sodium carbonate 
solution until no precipitate was obtained on acidification with 
concentrated hydrochloric acid. The acidified extracts were 
combined and filtered, and the filtrate was mixed with the chromium 
solution and extracted with ether. 

q.M ethoxy homophthalic Acid (LXXI1I). — The ,vid precipitated 
on acidification of the sodium carbonate extracts (above) consisted 
of almost pure 5-mcthoxyhomophlhalic acid. The residue obtained 
on evaporation of the ether extract consisted of a mixture of 
crystalline acids, from which 5-mothoxyhomophthalic acid was 
easily isolated by rubbing with a small amount of water and filtering. 
The acid crystallises from hot dilute acetic acid in well-defined 
needles which melt and evolve water vapour at about 222°, the 
exact temperature depending on the rale of heating. Using the 
bulb-form of apparatus, apparent melting points as low as 218° 
and as high as 227 5 may be obtained by varying the rate of heating 
within fairly wide limits {hound : C — 50 8; H — 4'8. C 10 H 10 O 5 
requires C — 57 f l ; H — 4*8 per cent.). 

4 -MethoxyphtJualic Acid (IA XV).— This acid, along with another 
easily soluble acid which was not identified, dissolved in the water 
with which the residue from the ether extract was triturated. It 
was obtained in the pure condition by crystallisation from a small 
quantity of water, and then melted at Hite (Fritsch givcsm.p. 164", 
— AnnahUy 1897, 296, 359) (l’ound : C — 53 0 f H = 3‘9. Calc., 
C « 53*1 ; H - 4‘1 per cent.). 

Orientation of o-Mi thoxyhomoph thal ic Acid . — The orientation of 
this acid is established by the fact that it is the main product of 
the action of boiling chromic add on u-metlioxy-l-hydrindonc. 
The ketone (1 gram) was added to 40 c.c, of a solution of chromic 
acid made by dissolving 10 grams of chromium trioxide and 10 c.c. 
of concentrated sulphuric acid in 100 c.e. of water. The reaction 
was started by heating to the boiling point, and then allowed to 
proceed without the application of heat. When its violence had 
abated, the mixture was heated <»n the steam-bath for one hour and 
then cooled. A considerable quantity of the methoxyhoinophthalic 
acid separated and was collected. The filtrate on extraction with 
ether gave a mixture of 5-methoxyhomophthalii* acid and 4- 
methoxypht Italic acid, which were separated by triturating with 
water in the manner described above. The yield of 5-methoxy- 
homopht Italic acid amounted to 70 per cent., and of 4-methoxy- 
phtlmlie acid to 15 per cent., of the theoretical 
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(G) Albjlidene Derivatives of the Mcthv.ryinduic. 

b(or ethoxy -l-benzylidenc-3-z-hydroxybenzijlindene (LXXV1 11 

or LXX1X). — A mixture of 1*5 grams of tho methoxyindcnn and 
1*1 grams of pure benzaldehyde was added to a well cooled solution 
of sodium cthoxide, prepared by dissolving 0*23 gram of sodium in 
3 grams of ethyl alcohol. The crystals, which began to separate 
after about three hours, were collected after twenty-four hours 
washed with water and a little alcohol, and finally crystallised from 
boiling alcohol, from which the pure benzylidene compound separated 
in silkv, lemon-yellow needles, m. p. 128^ ( hound : 0 ~ 84 8: 
H — = 6*1. C 17 H 14 0 requires C = 84*7 ; H — 0*9 per cent.). 

The mother-liquors from which this substance separated contained 
another compound, which was not isolated in a pure condition. 
After many crystallisations, a specimen, m. p. Ill — 1 16°, was 
obtained which on admixture with a little of the substance melting 
at 12S 3 , melted at 9b — 104°. Analysis of the impure specimen 
indicated that it consisted essentially of a benzylidene compound 
isomeric with the substance having m. p. 12S\ 

5(or fy-Mfthojnj-l-pipvronylideneindene (LXXX or LX XX I).— 
Lemon-yellow i$om*ride. When a mixture of 1*41) grams of the 
irulene with 1*5 grams of pif)eri>ruil was added to ;i solution of 
sodium cthoxide prepared from U*23 gram of sodium and 4 grams 
of alcohol, a second layer separated out almost immediately below 
the alcoholic solution and rapidly became deep yellow and very 
viscous. After twenty-four hours, it was washed with ethyl alcohol 
by decantation and then caused to solidify by rubbing with benzene. 
The solid product was fractionally crystallised from benzene, 
and then from various mixtures of benzene and alcohol, and it was 
thus separated into a mixture of sparingly soluble suh>tances, m.p. 
Hit) — ISO', of the composition together with two pure 

compounds, a less soluble, lemon-yellow substance, and a more 
soluble, orange-yellow conqxmnd. The lemon-yellow compound 
separated from benzene in silky noodles, m. p. 148 (Found: 1 = 
77*4 ; 11 5*1. t ' lg H n () 3 requires C - 77*7 ; H - 5 U per cent.). 

OratKje- yellow i*onvrid*. The orange-yellow compound was 
obtained in a pure condition after several crystallisations from 
mixtures of benzene and alcohol, from which it separated in denj 
orange-yellow prisms, m. p. 142 (Found: C H . 

r if ,H, 4 6 a requires V 77*7 ; II = 50 jht cent ). X mixture o 
the two isomrrides melted at 12S 131 . 

5(or 6) - Mdkory - 1 - pip*ronylidnif - 3 ■ * - hydnu-y^pironm^ 
(LXXXII or LXXXII1). Aft< r a iun.sid.raM.‘ number oOry.-a- 
lisatiuns, one* of the constituents of the mixture, m. P- ^ * 
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(above), was obtained in a state of purity. It separated from a 
considerable bulk of benzene in long, canary-yellow needles, in. p 
162—163° (Found: 0^72*7; II- 43. O 26 H 20 O ft requires 
0 =- 72*9; H =-■ 4 0 per cent.). 

The less fusible isomcridc appeared to be present in small amount 
fully. 

We wish to thank the Royal Society for a grant with which much 
of the cost of this investigation has been defrayed. 

ImI'KIUAL CoTJ.KGK OF SeiKNCK AND Tj:c 1INOI.OOV, 

South Kkssington. [ fccuwl , April 10//,, 102:}.] 

CLXX [. — .4 Note on the Photosynthesis of Amines. 

By Oscar Walter Snow and John Frederick Smekdox Stone. 

In a recent paper (this vol., p. 185), Baly, Heilbron, and Stern 
claim to have photosynlhe.-ised methvlaminc, pyridine, and piper- 
idine by exposing a mixture of formaldehyde and ammonia (both 
1‘3.Y) to the ultra-violet light of a quartz mercury lamp. They 
also state that a coniine-like alkaloid was formed when ^-solutions 
of the same substances were used. 

Xow the method they employed (see original paper, p. 190) * 
fortlie isolation of the photosynthesised bases involved the heating 
of the exposed solutions of ammonia and formaldehyde with excess 
of hydrochloric acid. The possibility that t heir results may be 
due to the normal interaction of ammonium chloride and formalde- 
hyde seems to have been overlooked. This interaction has been 
studied by several investigators (Ploehl. 1888, 21. 2117; 
Predict and Cam bier. Bull. Soc. chintz 1895. [iiij. 13. 392 ; Knudscn, 
Ber., 1914, 47, 2094), but more particularly by Werner (T,, 1917, 
111, 814), who found that by heating concentrated solutions of 
ammonium chloride and formaldehyde he obtained much methyl- 
amine hydrochloride and smaller quantities of dimethylamine 
and tetramethyhnethylenuliaimne hydrochlorides, the last giving 
rise to trimethylamine hydrochloride if the temperature was high 
enough. 5Iethyhnethyleneiimne hydrochloride was detected as an 
intermediate product . 

In view of these facts, it seemed probable to us that, although 
the concentrations employed by Baly. Heilbron. and Stern are 
much less than those which Werner used, the same products might 
he expected to result, in both cases. 

55 he rover 11 the original pajK'r " is jvurrol to, ihat uf H:ily, lUillmui, 
ftud Stem, loc. cit., ig always nioant. 
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Now Werner (foe. tit.) found tha-t when a 12 Absolution of 
ammonium chloride is gradually heated with commercial form- 
aldehyde to 104° the following reactions take place 

(1) CH.,0 H 3 N,HCl - (CH a :XH)HCl + H.O. 

(2) (CH,:NU)IICi + H* 0 + CH a O - CH 3 *NH 2 ,HC1 -{- HCtUT. 

(3) CH 3 *XH.„HC1 + ClloO =* (OH3*N:OH,)I1C1 -{- lf 2 0. 

(4) (ClIyNX ll^lia -i Ho'O -f CH a O - (CH 3 ).,NH,H01 + 
IR'tUI. 

(5) 2(CH 3 ”) 2 N H,1ICI 4- CH 2 0 - [(('H 3 ) 2 N] 2 CH 2i 2IIC1 }[,0. 


The tetramethylmelhvlenediamine hydroe diloririe remains un- 
changed unless the temperature is raised to HXT, when the following 
reaction takes place, 

liCH 3 ) 2 x]XdL.2nn - (ch 3 ) 3 x,ik:i ; (cir 3 *x:cii,)i[ci, 

trimethylamine hydrochloride being formed. The methyl methyl- 
eneiinine hydrochloride is then converted in t<j dimcthylaminc 
hydrochloride and formic acid (4). 

In order to determine their behaviour to the physiological and 
colour tests used ill the original paper, we have prepared specimen:, 
<4 the free ba-cs. totramethylmethvlenediaminc and inetlivlnu-thy]. 
eiie imine, by the method of Henrv (Hull. Aaul. roy. HAg,, 1893, 
26, 2u0) (Found: for tetramethylmethyleneriiamiiie, C-- 
,",S()3 ; ii — 1 ii'SS. ('ah'., (’ =“>S-S2; H = ----- 111*73 per cent.). 
The pier at » , w hich has not previously been made, melted at about 
p-, } an ,| f.mnd t«i be very unstable, easily changing into di- 
mrthvlamine pierate ami formaldehyde (Found : for methyl- 
methvieneimine, (‘ H IH»4. Calc., C - -o'Sl ; H = 

j ) | H . r cent.). Tin* pierati-, already known, un ited at 1-4' 
(127", i)m!* n and SchariT, H> r.. In! * 5, 28. Mb). 

Mi.st of thi- chemical DMs in the paper which Bale ami Ids 
< ollaborat"! - r« !v on, a- < -uMi hing t lo- probable presence d 
coniine, are tln-c r- mininr -nd* d by Hilling (Vhurm. J., I'M 29, 
:t4}. The .• are the Melz.-r, Maine fpota-ium cadmium iodide) 
Wagm r 'iodine in ]»*«a>MUin iodide], and Xc-sl* r tests. tic 
prepap f I the reagent rcipiired for these tests by the Aav ar 
methods ami applied them to the various amines with the ivsn > 


given in the table. 

The rr-,ub - diown in this table indicate, in a very striking m:ii : 
how- impossible it is to dbt ingiii.-h between these amines and 
by means of such reagents. It may be noted that m 
tests the colour i- id;. !1 up eomplet.lv by ether (or 
the ease . f < uiiiinc « -nly . 1 he \\ agin r test , altlu 1 1M 11 

*in the case <J eoniim , b e.-riainly not distinctive. 
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Description of Plate. 

The plate shows a record of the contraction of two frog muscles stimulated 
simultaneously at fifteen second intervals. The lower muscle, poisoned by 
a 0*5 per cent, solution of tetramethylmcthylenedianiine hydrochloride, 
ceases afc A to respond to stimuli arriving via the nerve. This is not a fatigue 
effect, since after five minutes' rest it still fails to respond to indirect (nerve) 
stimuli even with the secondary coil at G cm. 

At C, both muscles are stimulated directly ; both respond with the secondary 
at 5 cm., proving that the poisoning effect is primarily on the nerve ending. 
Again, the group of indirect stimuli at D fails to elicit any response from the 
lower muscle, oven when the secondary coil is brought up to 2 cm. distance, 
whilst direct stimulation at E elicits responses at distances of 5 and 6 cm. 

We now proceeded to repeat the work on the interaction of 
^-solutions of ammonia and formaldehyde exactly under the 
conditions employed by Baly and his collaborators {see original 
paper, p. 191), but without exposure to light, and obtained an 
“ alkaloidal fraction 5 ’ which gave positive results with all the 
above tests. 

The only remaining piece of evidence in the original paper for 
the production of coniine is the physiological action of the product 
on the motor nerve-endings of a frog {/oc. cit., p. 193), namely,’ 
the “curare effect/' We are much indebted to Mr. M. H. Mac- 
Keith of the University Pharmacology Department for advice on 
this part of the work and for kindly performing the necessary 
experiments and we should like to take this opportunity of tender- 
ing to him our most grateful thanks. His report is as follows : 

“ In the original paper (p. 193), Baly, Heilbron, and Stern adduce 
a pharmacological test in support of their recognition, by chemical 
means, of a coniine-likc alkaloid in the products of a photocatalytic 
reaction described by them. 

“ The statement is made in their paper that the ‘ curare effect ’ 
(paralysis of the nerve-endings in striped muscle) is ‘ given only 
(their italics) by the curare alkaloids and by the members of the 
coniine group.' The former class of substances being excluded by 
appropriate chemical tests, the presence of an alkaloid of the 
coniine group is cpncluded. 

<( It was shown by Crum Brown and Fraser ( Proc . Roy. Soc. 
Min., 1869, 6, 556) that certain of the organic derivatives of 
ammonium possess this * curare effect.’ It has since been demon- 
strated by many workers (Hofmeister, Arch. cvp. Path. Pham,, 
1883, 16," 393 ; Marshall, Traps. Roy . Soc. Edin., 1913, 50, 17; 
Zottermann, J. Physiol., 1923, 57, xxi) that this effect is produced^ 
by a large number of compounds ; by most quaternary ammonium 
salts, and by many other derivatives of quinquevalent nitrogen, 



1514 


A NOTE ON THE PHOTOSYNTHESIS OF AMINES. 


a s well as by certain phosphorus and arsenic compounds with lt 
similar stereochemical configuration . (Sollmann, * Manual of 
Pharmacology/ 1922). 

** It would appear, therefore, that the recognition of a coniine, 
like alkaloid is only valid on the exclusion of other substances 
capable of producing the same effect. Consequently, it U of 
interest to report that two of the already known products of the 
interaction of formaldehyde and ammonium chloride, naineh 
tetramethvlmethylenediamine and methylmethylenounine, have 
been found to possess the * curare effect.’ 

*' The accompanying tracing shows, in the ease of the h ydn,- 
ehloride of the tetramethyl compound, the manner in which the 
muscle loses its excitability to stimuli arriving by the nerve; a U 
how, after it has ceased to respond to indirect (nerve) stimuli 
even with the secondary coil only 2 cm. distant, it responds bv 
contraction on direct (muscle) stimulation at coil distances of 
5 and (> cm. At the same time, there is some direct action oil the 
muscle substance, which is manifested by the diminution of height 
of the muscle resjinnse even on direct stimuluti oil.” 

'I’lie pyridine, claimed to have been pilot osyn noised (sec r >riginal 
■paper, p. lOfl), was identified by means of a chloroplat mate which 
melted 15 too low, and by the miicH produced on rubbing the 
hydrochloride with borax in a warm mortar. Since the method of 
separation of the supimsed pyridine, by means of chloroform, h 
essentially that employ*- d by Werner for the exUadion of dimethyl- 
amine, tctnimcthyliuethyhmdiaminc, and iiicthylmelliylcneimine. 
these r-ubdanccs were ino>t probably present and it wnuld be very 
difficult to detect pyridine in tin 1 presence of mixtures of such 
prci'.ouni m 1 ( dour. 

1 he ppxiuetion of nu t hvlainito- in the e.\|s*riiiients of Billy and 
' his collaborator* can be >imp!y explained by the fact that it L* 
the normal product of the Werm ramiuniiiuin ehloride formaldehyde 
reaction. 

We have obtained na tbylamine hydrochloride by rvnwraiirJ 
\ A* -.-ninth ns of ammonia and formaldehyde with }i vdrtjchloiic 
acid, without expo-urr to li^ht, and identified it by l meltii^ 
of mixtures of its hydrochloride and of its heir/.nyl dt riv atixe 
with authentic -jm'iim n- of ihe ir.-juviive compound". 

The formate .n of inrthvUmme, by expo-mg a solution ufainnun.u 
saturated with carbon dioxide to ultra-violet light (original P a P' / 
lsti), ran l» i vplaiiiid ..n tlx- iiwumption Uiat forinaWt'hj* » 
first produced from the carbon dioxide by photosUithisbr a " 

• previously been >h*»»n by Moore and Webster {l 1 roc. 

1011, [/*[, 8T, Hid, 55tj; 10 is, [//], 90, lf>8) and Ifalv, Hn rt J 
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and Barker (X., 1921, 119, 102o), the inethylamine being then 
produced by the ordinary Werner reaction. 

It should be stated that, iit all the above experiments, the 
ammonia we employed was carefully freed from pyridine and phenol. 

The results of the experiments described above seem to us to 
indicate that, although we have neither confirmed nor disproved 
the formation of a coniine- like alkaloid, of pyridine, or of piperidine 
from ammonia and formaldehyde under the conditions described 
by Baly, Hcilbron, and Stern, the evidence advanced by them in 
support of their photosynthesis of these sul/stances appears to us 
to be insufficient. 

In conclusion, we should like to express our thanks to Dr. X. V. 
tfjdgwick for very kindly reading through the proofs of this pape r. 

Dyson Perrins Laboratory, 

Oxford. [Received, May 17 //,, 1923 .] 

CLXXII. — The Action of Sodium Hyposulphite on 
Cupric Chloride in Aqueous Solution. 

By James Brierlky Firth and John Hicson. 

Describing the action of sodium hyposulphite on copper sulphate 
solution, Schutzcnberger (Com pt. nnd. , 1809, 69. 190) states that 
in the cold the reaction gives rise to a mi precipitate which may 
be either copper hydride or a mixture of this and metallic copper. 
The hydride reacts with the sulphurous acid produced and reduces 
it to hydrogen sulphide, being itself converted into sulphide. Myers 
and Firth ( Z . tuiory. Chun., 1913, 80. 98), repeating and extending 
Sciiutzenberger's experiments, Mere unable to detect the formation 
of hydride at any stage of the reaction. The product was cither 
metallic copper, which may be highly pyrophoric, associated with 
a small amount of cuprous sulphide, or mainly the latter, according 
to the conditions of the experiment. The object of the present 
investigation was to study the reaction between an aqueous solution 
of cupric chloride and an aqueous solution of sodium hyposulphite. 

•A scries of preliminary experiments had indicated that the nature 
of tlie product was great Jv influenced by the concentrations of 
[the solutions used, and the teiuiieraluiv at which the reaction took 
[place. 

F x V K K I M E N T A L. 

Ihe reaction was carried out in an apparatus in which the 
derations of precipitation, filtration, and drying were performed in * 
in atmosphere of carbon dioxide . The experiment $ licit in deseri bed 



1516 FIRTH AND HIGSON : THE ACTION OF SODIUM HYPOS U|j* ilITJi 

may be divided into two classes, namely, the influents on the c, !(ir<e 
of the reaction of (a) the relative concentrations of the rc^nctinir 
solutions, (6) the temperature at which the reaction took place. 

A solution of cupric chloride was prepared containing 7-5 g ranis 
of the pure crystallised salt in 100 c.c. A copper solution of this 
strength was used throughout the experiments. To 100 c.c. of 
the solution, 100 c.c. of a freshly prepared solution of pure sodium 
hyposulphite of a concentration varying from 15 to 30 grains per 
100 c.c. was rapidly added. The reaction was allowed to proceed 
until no further apparent change either in the nature or bulk nf 
the precipitate took place. The reaction was generally complete 
in ten to thirty minutes according to the temperature of reaction. 
In a number of experiments carried out for longer periods (up to 
twenty-four hours), the composition of the precipitate was sub- 
stantially the same when the copjxT was in excess; in experiments 
in which the hyposulphite was in excess there was a slight increase 
in the sulphur content of the precipitate, but otherwise its general 
nature was the same. 

The temperature of the reaction was varied from 15 to "5. 
In the preparation of the hyjsisulphite solution at temperatures 
•higher than 15 , the requisite amount of water was heated to 
about 3 5 above the required temperature and the necessary quantity 
of hyposulphite was added immediately before mixing the two 
solutions, thereby reducing as fur as possible the decomposition 
of the hyposulphite prior to its coming in contact with the copper 
solution. At 15 and at 3tr, 011 mixing the solutions, a white 
precipitate was tir>t formed in all cases, but only at the lower 
concentrations of the hy|*»>u1phitr solution was this precipitate 
jxTfmment . As the eoneent ration of the hyposulphite in- 
creased, the white precipitate gradually changed through light 
brown, reddish -brown, dark brown to black, the actual stage at 
which the reaction stopped being determined by the concent ration 
of the hyposulphite. At ■» and at 00 , the white precipitate 
ap] tea red only at tin- moment when tin- solutions were brought 
into contact ; almost immediately its colour became brown, then 
darkened, and finally was black. At 75 , on mixing the solutions 
there was no immediate precipitate, the solution darkened in coioar, 
and a dark brown or black precipitate was then deposited. 

When the reaction was complete, the precipitate » 

collected, thoroughly washed with dilute sulphurous aen ■ tlC 

• In some of ih- earlier exp.-rim.-ntt in which cuprous 
main product, it wm found that if the precipitate vra* 
saturated with carton dioxide or even with water a one. ^ 
appreciably «id tho product contained oxide 
Chtm., 1901, 28, 154). 
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alcoliol and carhcn disulphide, and ether, respective Jy f ami 
over calcium chloride in an evacuated desiccator. The; iiji n j (> 
invariably contained sulphate and free acid. 

When quite dry, the precipitates were analysed. The result, 
obtained are set out in the following table, in which the 
of temperature on the composition of the precipitate for a 
hyposulphite concentration is given in the vertical columns and 
the effect of concentration of hyposulphite at constant temperature 
is given in the horizontal divisions. 

The results show that at l.V, for concentrations IvP T."> rr nu]i , 
of hyposulphite per loo c.c.. the precipitate is essentially cuprum 
cldoridc ; with further increase in the concent ration of the livpu 
sulphite, the amount of chloride rapidly diminishes and free* enpjxr 
a pi tears in the precipitate. When the concentration of the hyp,, 
sulphite has reached lo grams per loo < .<•. (experiment 7^^ 
precipitate contains no chloride and is essentially metallic coppr 
asMtciattd with a small amount of sulphide. As the com, ntratinn 
of the hyposulphite is further increased, the amount of sulphur h 
increased, until dually, win n the concentration has n ached -rraus 
per Itto c.c., the precipitate has the eompo>it i,.n of eiiprie suljdiide 
(e\[H i inu nt II). At :>o . the results are drnilar except that the 
sulphur coiitent> ,u, dightly higher and chloride persists thn*ti* r h- 
out the serie*.. 

At To . tin- pneipitato at the lower hypo>u!phito eoiKi-];. 
truth am are <•.*, ntially cuprous sulphide. whieh jia»es into cupric 
sulphide with iin n a.M- in hyp» -uiphite com eiit ration. The pro- 
* ipitate is in all , ;n> a-s*‘< iaDd with various amounts ,,f rltlniidc. 
Although jm tin- 1 \jn riments at To tin re was no appreciable amount 
of fr*-c ,-nppt r in the preeijiitate. \vt in many eases a thin tilm i*f 
metallic e,.pp« r Was de [Hi.-ited (ill tin- sides of tin- reaction VOsstl 


Owing to tin- fact that sodium hyposulphite in volution readily 
d( ( omp>( , v, giving iTe principally to thiosulphate, sulphurous acid; 
and foe siiiphur, lie- n action with a solution of eiiprie chloride 
is in < , vsarily complex I p to hu , for h«w eonreul rations of hypo- 
sulphite (cujuii- ehloinlo its •■ \< ' ), the reaction \< a comparative!} 

Ample reduction of tin- cupric chloride and may I"' n presented l'} 
the equation- 


(I - lM-uCL yi, 1 ‘u.t '| 2 : lf a so 4 - _Ht h 

jj) i., ■ UU> at'uJ'L -Nat 1 

4HtT 
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Tlie solution thereby contains free sulphuric; mid hydrochloric, 
acids. Ward law and Pin kanl (T. f 1922, 121, 210 j have .shown 
that cuprous chloride reacts with sulphur it) presence of dilute 
hydrochloric acid at approximately 9o\ with the production of 
cuprous sulphide, the reaetion being represented by the equation 
8 r 2Cu 2 C1 2 — CuC'ljj ; Cu 2 S. 

This reaction would explain to some; extent the production of 
cuprous sulphide with rise of temperature and also the persistence 
of chloride in the precipitate. It is improbable, however, that the 
whole of the sulphide ls derived from this source; cuprous salts 
such as the hyposulphite and thiosulphate (compare Myers and 
Firth, loc. cit.) will be produced and, being unstable, will readily 
decompose with the production of sulphide. Up to 3(P, in presence 
of a slight excess of hyposulphite, the cuprous chloride first formed 
is further reduced to metallic copper, 

Xa 2 S,0 4 -r CuXl, - 2Uu • 2XaC! - 280,, 
whilst in presence of further excess of hyposulphite the finely 
divided copper is converted into cupric sulphide, 

On Xa,S 2 0 4 CuS ; Xa,S0 4 . 

Owing to the continuous change in the conditions as the reaction 
proceeds, it is impossible t<> represent tin* complete phenomena 
by any simple set of equations. The reactions set out above repre- 
sent only the main type*; < »t bors <*f more eoni])lex >»ut of less 
fundamental character an* taking place simultaneously, tending 
in the main to yield the same iinal products. 


Snmni'iry. 

1. At temperatures lip to 30, a solution of cupric chloride is 
reduced by sodium hyposulphite to cuprous chloride, which is 
permanent in presence of excess of cuprie chloride. 

2. With increasing amounts rtf hyposulphite the cuprous chloride 
is first reduced to metallic cupper and finally converted into cupric 
sulphide. 

3. At temperatures from ,">o 7-Y . the final product, if cupric 
chloride. is present in excess, is mainly cuprous sulphide, which is 
converted into cupric sulphide by excess of sodium hyposulphite. 

t mvkksity C'oixegk, Nottingham. 7i\rn 'oh Ayr-.l 27 ih, 11*2,1.] 
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Baeyer Memorial Lecture .. 1 

Delivered on May 10th, 1923. 

By William Henry Perkin, LL.l)., F.R.S. 

The survey of the present position of Chemistry, aiul more part ku- 
larly of Organic Chemistry, cannot fail to leave the impression that 
a definite jieriod in the development of the Science has closed with 
the decease of Adolph von Baeyer and of Kniil biseher. 'i'he 
influence of these men has been profound, mainly, no 
bee a use of the immense amount of work of fundamental importance 
which they have left ladiitid, but to a sea reely less degree by reason 
of their influence a< teachers. 

Their methods as investigators and teachers were remarkably 
similar in almost every particular, as indeed might he expect ii 
when it is remembered that Kind Fischer was not only a pupil, and 
perhaps the nio>t distinguished pupil, of Baeyer. but was also, for 
a long period, Baeyer s principal assistant, and he thus had every 
opport unitv of learning the methods of teaching and the art d 
experimenting eharaeteristie of his great teache r. In charge of 
large laboratories overcrow tied with students, especially in later 
vears, the tirst care of both the.-e non was to sec that the foundations 
of the Science , whether the section was Inorganic or Organic, were 
.systematically and very thoroughly taught. With this object in 
view, the prof. -^..r himself undertook the tir>l elementary course 
of lecture* and piaee<l his mo*t distinguished Pri vatdn/.ent in charge 
of the teaching of practical Inorganic l heinistry, and thus the 
foundations were truly laid and, when the study of Organic I’hcmis- 
trv was subsequently undertaken, it was not until a sound knowledge 
of Inorganic (’heinistry had Imvh secured. 0 resit stress was laid, 
both by Baeyer and by Kind Kim her, on a very thorough training 
in manipulation and the technique of experimenting, with the 
result that when the time came to engage in original work, the 
student was in a position to undertake his task with every pn^ct 
« if -m-ecss and needed only (he minimum of supervision. Un lit 
and work of Kmil Ki>eh»-r has been ably (h alt with h> Dr. M-F 
Forster in a Mem. -nil Ddurr delivered before the Nfii-n ^ 
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October 28th, 1&20; ami it is now ray pleasant duty to give, even- 
if very inadequately, a brief sketch of the life and work of my 
revered teacher, Adolph Baeycr. While we arc passing in review 
he wonderful achievements of Baeycr and attempting to follow 
he sequence of his brilliant researches, it may be useful to remember 
he conditions which prevailed during the time that his career as a 
packer and investigator was developing. 

Baeycr s long life covered the period from the first railway train 
1 1 most to the present day, from the time of Faradays laws of 
•iert rolys is to the discovery of the inert gases and of the radioactive 
•leiuenls. He was born in 1835, shortly after the publication of 
:he synthesis of urea by Wohler, the discovery of aniline and phenol 
n coal tar by Runge, and the preparation of benzene from benzoic 
wid and its nitration by Mitsehcrlieh. While he was still a boy, 
Liehig and Wohler published their famous paper on benzoyl which 
led to the enunciation of the radicle theory, and the completion 
■){ his thesis for the Degree of Doctor, ’* Leber die Verbindungen 
les Arsens mit dem Methyle,’’ coincided almost exactly with the 
publication of Kekules great work " Leber die Konstitution und 
lie Metamorphosen tier chemise hen Verbindungen und iiber die 
chemische Xatur des Kohlenstoffs," 

; During the period when Baeycr was Privatdozent in Berlin, the 
benzol theory of Kekule ami the discovery of the periodic arrange* 
bent of the elements by Lot bar Meyer a ml Mendeleev appeared, and 
it the time when Baeycr was at Strassburg, van't Hoff published 
is “ Chemistry in Space. * 

A great reader of the literature, Baeycr absorbed everything 
irretly it was published and immediately discussed any develop- 
lent, which seemed to him to be important, with those engaged 
i research in his laboratories, and it is stated that, in his later 
lai's, the isolation of the inert gases and the discovery of radium 
id radioactivity were subjects which particularly delighted him. 
But it was the atmosphere of the laboratory which was Baeyer’s 
il joy, and those who have been privileged to set' the great man 
>ving about from day to day among his test-tubes and preparations 
mot^ikely to forget the experience. 

Baeyer's first papers " Notiz iiber idioehemische Induction 
1 " Ueber das Methylchloriir appeared in 1857 {Annalen, 
178 and 181), while he was working in Heidelberg in 
lsen s laboratory, and his last paper, published when he was 
By years of age, is to Ik* found in the Amiolni of 1915 (407, 

) During this period of fifty-eight years he published a steady 
am of researches, each one characterised by some observation 
pterest; and many of these communications lufvo, of course, 
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become classical and have left an indelible impression on the progress 
of our Science. 

Johann Friedrich Wilhelm Adolph Baeycr was born on October 
31st, 1835, in Berlin. His father, Johann Jakob Baeyer, was a 
captain in the Prussian army, and his mother, Eugenie, was a 
daughter of Julius Eduard Hitzig, Director of the Criminal Court 
in Berlin. Tn his young days, Baeyer came much into contact with 
men well known in the literary circles of the time and also with 
prominent historians who visited regularly at his father’s house f 
but in his “ Eriunerungen aus meinem Leben ” he states that he 
found little which really interested him in studies of this kind, li 
is remarkable that even as a boy lie developed a strong desire to 
study nature, and this instinct was greatly assisted by the frequent 
journeys which he took into the country with his father during the 
school holidays. On these occasions, his father was usually occupied 
in making trigonometrical observations, which were to form part 
of a general survey of the land, and the boy was left much to himself 
with nature as his playground. Doubtless it was in this way that 
the fondness for botany was acquired which nmained thmuglioiit 
his life. 

The hrst chemical experiments seem to have been made at a 
very early age and to have caused not a little inconvenience to his 
family and the visitors to the house. On one occasion the state 
iif the atmosphere in the house was such that the poet J aid Jkyw. 
who was a visitor at the time, had occasion to remark : 

‘ Ks stinkt in dir-em Ham gar >ehr 
Das koinmt \mn Adolf Baeyer her." 


Hi, actual introduction tnCheiuMry seems to date from his ninth 
birthdav, when hD father, hawng found it imp.-Mble to keep him 
from carrying out wild experiments, to the continual aminyano 
and danger of the rest »f the family, thought it wise that he should 
go through some definite course and therefore gave him a copy fl 
Stoekhaidt s School of Chemistry; which was a very popular 


book at that time. , . , 

Baev* r relates that he was allow, d to tit up a small n-mf 
In in*' as a jirimilivi' 1,0.. nu t . .ry awl that, with thr aul 1 
fru wl, "In i-r mam I him nos M i nis to Iuivii1k-. ii to r i-.m 1 - f 
„t.i.:k Ilf apparatus, h.- hail M ...11 "ork.-.l throuj-h Du 

StiK-klianlt. it "as in IM7, «hni hr was twrlvr yrars'* “T- ‘ 

hr mail- his hrst nr" siihstaw a rrystallmr <U ' 

awl MKliiim rarhniinlrs, awl this hr ohtamrcl ar.-iDiii • ■ ’ 

Jrrp blur crystals, l,V nuxm, sulpha.r with swhun ■ ^ 

and all. wing Mm lotion to stand for ,oim* da\>- 
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investigated in 1851 l>y Struve and by Uuntele, who mjade it in the 
m way as Baeyer had done, and they shoved that it has the 
imposition CuC0 3 ,Na 2 C0 3 ,3H 2 0. 

I’hc more serious study of Science seems to have begun when 
Baever was about thirteen years of age, and Mas due to his coming 
under the influence of K. SeheJlbach, one of the teachers at the 
bool lie was attending, who subsequently became well known 
“ u gmeount of the influence he exercised on the improvement of 
j ie ^moiling of science in general and in the Prussian schools in 
articular. Under Sehcllbaeh, of whom lie* speaks in glowing terms 
and u } )n ^- assistant he .subsequently became, Baeyer studied 
Mathematics and Physics with the greatest keenness and became 
" interested in these science s that he seriously considered devoting 
Isis- main attention to them when the time came to go to the Univrr- 
4tv He seems, however, still to have kept his interest in Chemistry, 
fur he relates that he also worked through all the experiments 
described in Wohler’s “ Leitfaden dor organisehen Chemie/’ 

V vear or two later, when lie was fifteen, Baeyer seems, for some 
reason which is not quite apparent, to have lost much of his interest 
in Physics and Chemistry and to have devoted all his spare time to 
tlu- study of Botany and Geology, and so keen did he become that • 
when, seventeen he undertook, in company with Ferdinand von 
Kichthofen, who was two years his senior, a six months’ tramp from 
Tried through jkthnalia and Mont* negro and back over the Eastern 
\[jw, with tin* main object of collrcting matt-rial to help him in 
us further studies. However, this change of occupation, which 
K , duubt was very useful training, did r.< -t last h'Kg, f ( - f dter the 
usual period of military service, we find Baeyer coming to the 
definite conclusion that Chemistry was to be the work of his life. 

With a view to the >vstwuati<- -Laly of Chemistry, he made up 
his iniml that the best thing to do. in the liM place. was to proceed 
to Heidelberg and study under Bunsen, whose laboratory was then 
the most, famous in Germany, and there lie came at once into contact 
with Hoseoe, Jadhav Mover, Lichen, and Bcilstein, who were working 
in Bunsen's laboratory at the time Partly in consequence of the 
early experience gained in the small laboratoty in his father s house 
and partly as the result of hard work in Heidelberg, he was informed 
at the end of the lirst Semester, by the assistant under whom be 
i worked, that lie had made sutlieicnt progress in qualitative and 
jiiiintitative analysis to start a piece of original work, and t a hrd 
task given him was to help Bunsen ami lWce with their well, 
kiiijwn experiments on’ the combination uf *hi"rine and Indngoi 
under the influence of lijihl, and the results of these jmol. gallons 
woiv published in 1 857 1C3, ITS). In the v<» 
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of the Annakn (p. 181), Baeyer published, moreover, a short account 
of a research on methyl chloride, also undertaken at the suggestion of 
Bunsen. 

Bunsen was desirous of finding out whether methyl flilnride 
prepared by the chlorination of methane was the same substance 
as is obtained when hydrochloric acid acts on methyl alcohol, and. 
if so, whether it is identical with the ehloromethyl which results 
from the action of heat on the hydrochloride of cacodylie mid. 
During the course of this investigation, Baeyer discovert <1 the 
crystalline hydrate of methyl chloride. ('H./'lJlU), hut although 
he was able with its aid to show that the methyl chloride from 
cacodylie acid is the same as that from methyl alcohol and hydro 
chloric acid, he was unable to prove identity with the product <if 
the chlorination of methane, mainly on account of the complexity 
of the product he obtained as the result of that chlorination, The 
proof of identity was, however, supplied two years later by Berthelot 
{AnnaUn, 105^ 242). When he had completed these researches, 
Baever began to feel that he had reaped as much henctit as ho could 
hope to do from Bunsen's laboratory : he had learnt inorganic 
analysis as well as the methods of gas analysis, which were being 
developed by Bunsen at that time, but he had not obtained much 
insight into theoretical chemistry, and especially had made little 
progress with the study of Organic Chemistry, mainly because 
Bunsen had imn li of his earlier interest in Organic ( heimMir 


and no longer enroll railed its study. 

At that time, August Kekule, who was then Privatdozent in 
Heith 4 berg, had rented a >iuall house and converted one room and 
the kiteheii into a primitive laboratory, and Baeyer asked pennisden 
,,f Kekule to lie allowed to work with him in this laboratory as hi* 
tir.>t pupil. Thus it earn.- about that Baeyer. although he wuibd 
f„r rather lr^ than two Years in this private laboratory, came to 
1., ki»>« n a. a pupil ..f K-kule. With the scanty aiT..mnu<ton.« 
„„l .mall stock ..f apparatus available, Baeyer omtmmcl 
researches on caedyl trichloride. and dunnn the course ' ^ 

exiKTiments he accidentally discovered arsenic uirthv * - 

Not grasping the dangerous nature <4 the substance ie 1 1 , 
he investigated its odour, with the result that he faint»< an i « . 


lo>t his life. . n r i; n []] 

Having <•ompl.-t.-d this research. Ba,-y.-r yturmsl t< ( 

| s.*lH and pr.-s.-nt.-d it. as was the custom at the tmn . i» " ^ 

under the title " !>*■ aix niei rum methylo ^''J 1 > h 

thesis for the Bvne of ddb. . al „, 

• apparently not realised, because the thesis was --l.il> "'j 
tbi, want of appreciation. aided by a poor null ex.unnn 
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ill » «'" md «1#« (magna. cum laudc) which Baeyer says was as much 
as ho had expected. 

Kckulc had in the meantime been called to Ghent as the successor 
to Stas, and Baeyer relates that in the winter 1858/.>!) he decided 
t« follow Kckulc in order to work in his new laboratories, particularly 
with a view to the further study of Organic Chemistry, about which 
lie .says, he still knew very little. 

On the way from Heidelberg to Client he made the acquaintance 
of a manufacturer named Adolph Schlieper, who had worked on 
uric acid under Liebig, and, on parting, Schlieper gave him a box 
containing his preparations with the request that ho would continue 
their investigation. The practical work which iiaeyer could do 
in Kckulc s laboratory in Client was, however, much interfered 
with by military service, but he nevertheless managed to finish a 
research oil the esters of allophanic acid, which he had begun in 
Heidelberg, and to find time to make a careful examination of the 
contents of the box which Schlieper had given him. 

One result of the experiments which he did with these specimens 
was the discovery, in 1800, of pvudo-unc acid, a valuable piece of 
work which he published in conjunction with Schlieper. He made 
many attempts at the time to convert this acid into uric acid by the 
elimination of water, but in vain, and it was not until 189.1 that this* 
important step in the synthesis of uric acid was accomplished by 
Emil tischer by heating with anhydrous oxalic acid. 

I wo years later, hiseher showed that this change may be more 
conveniently brought about by heating with much dilute (20 per 
cent.) hydrochloric acid, a reagent which Baeyer had also employed, 
but unsuccessfully, the reason of the failure being, as he himself 
states, that the acid he had used was too concentrated. 

Th( Jin! in l>< 

In the spring of lSliP, Baeyer returned to Berlin, became Privat- 
dozent, and shortly afterwards received the appointment of Teacher 
uf Organic Chemistry in the Uewerbe-Institut in the Klosterstrasse, 
a modest and badly paid post which he hold for twelve years. In 
this Institute, he organised a laboratory for practical work and 
gtadually collected together a number of keen and zealous workers, 
among whom were (Iraebe, Lioberniann. and Victor Meyer. There 
be no doubt that it was in this unpretending laboratory in the 
'dost erst rasse that Baeyer gradually acquired that keen penetration 
aJid marvellous skill in experimenting which subsequently made 
111111 so famous. 

Iluring these years Baeyer eoulinm d his researches on uric acid 
an its derivatives, and gradually brought order ou^of the chaos 
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ivhicli had reigned for so long in this difficult and puzzling group; 
subsequently Kmil Fischer eompleUd the work by synthesising 
all the more important members of the ‘purine series and it may he 
claimed that, thanks to these brilliant investigators, this imjwrtant 
chapter is now as dearly understood as any station of Organic 
Chemistry. 

It is probably true that much of the work oti which Hacyer 
eoiuent rated his attention during his subsequent career at StnU. 
hurg and Munich owes its origin in one way or another to tlx 
preliminary experiments which were carried out in the laboratory 
in the Klosterstmsse. 

'Hms, among the researches published in lSji) from that lalmm. 
tor\\ we find the reduction of indigo to indole, by distillatininvith 
zinc dust, and the synthesis of indigo from riatin. The di>- 
eoverv of this method of reduction by distillation with zinc dim 
had far-reaching results, for in tin* same year and in the same 
laboratory, Craebe and bern-aim succeeded, by its aid, in 
reducing the colouring matter of the madder plant to anthracene— 
an achievement of immense importance which was always a souri.c 
of gnat satisfaction and tldighl to Ihieyer. This result enabled 
(iraebe and laebermann to biing about the synthesis of alizarin 
from coal-tar anthracene, a remarkably tine jioce of work, whirl) 
laid the foundation of the alizarin dyi sluli industry, not only in 
Corn, any. hut a!-<> in thi- country. 

Tim long and dillieuit n-rarrhes on mi* acid and its derivative 
uhi. h had iKvupi.il much of h\< attention for s" many ye^. 
vmijihd with his previous training in botany, liad the intercMiiijj 
result of causing lkn wr to turn his attention to the prohkna ••! 
phv-i' ■!< -jb a! eh* -mist ry and • sj* < ially to t he <p«< *t son ni the assiu-o 
httmn of , -arbour* a- id by plan? - and tie* m.eham-m of tin >yutlx * 


ol T He Mg.U' 

d he paper “ r da Wa- rrentziehung mid ihn- I ath-uiu!- 

f ur ,l;,. IMi ui/, iiMm i. iiihI ili, in I s -" 

n:|i is (ill! , f t!:- in,,-! inlin-iim; an«l p-im.-ii-IuIhi- tmutvliHi 
view-. In ltd- eoiemunieai i*»n, tie briiliam ai.u 1 nU " ! - v , n 

i, mwl- that lh- " f •**'« ! ‘ r in ,l '" | dk 

-..'.I..- 

j„ t |, „f lik'iit. ... form :,Mr -Uv.l.-. »iii. !. tlf" I.n.i, " 
atiwi with !!«■• KM l»' "- ir M "' n 

•" > «•*>• * "• •''" 1 Xn .J f^nnakWC* 

V .ri„n vi«h- it 1- mobai.u in lie* foi i* a i< n 


i arbon men o\id**. it i- pro balm* i 
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(lull ehlorophyfl fust dissocial es the carbonic acid of (he atmosphere, 
liberating oxygen and combining with the carbon monoxide. Then 
the combined carbon monoxide is reduced by the constituents of 
the cell to formaldehyde. Wry interesting and suggestive* are the 
views which ihleye r expresses in this paper on the question rtf the 
nature of fermentation, ‘luring the development of which he put 
forward a formula for grape sugar which is identical with that 
employed at the present day. When the rudimentary state of 
(lit: knowledge of structural Themistry which obtained at that time 
is taken into account, the theoretical views contained in this paper 
can only be described as an extraordinary achievement. This same 
paper is also remarkable on account of the views advanced to explain 
the mechanism of the elimination of water in the course of simple 
decompositions such as. for example, the conversion of glycerol 
into acrolein, processes which were at that time diilicult to under- 
stand; and it is clear that these views had an imjiortant. influence 
on the development of that long series of researches on t; condo ns- 
ation which occupied so much of llaeyer s attention during 
.subsequent years. The study of the phenomenon of condensation 
seems to have had its actual origin in an investigation of the action 
of acids cm acetone {Annalrn, JMHi. 140. '2U1), in the course of which 
Baever worked out the conditions for tin* formation of mesityl 
oxide and phoroiie, and it is most interesting to read the liews 
which he expresses at the end of the pap-r <>n the mechanism of 
these condensations and tin* constitutions of these substances. 

This research gradually develop'd in all kinds of directions until 
it came to include all sorts of condensations very far removed from 
the original acetone condensation : such, for example, as the condens- 
ation of hydrocarbons and phenols with aldehydes under the most 
varied conditions. It was in this way that the phthaleitis were 
discovered, and in describing how phthalic anhydiido came to be 
employed in these condensations, llarver explains that the tiist 
object of these experiments was an attempt to condense together 
phenolic substances in the Imp* of synthesising plant products, 
during the course of which lie ihotighl that phthalic aiih\ chide 
might perhaps prove useful as a mild dehydrating agent. T ns 
Jed to the discovery of many valuable dyestuffs such as gallmn. 
the condensation product of phtlmlie anhydride and pyrogalhe 
acid, and of cccrulcin. the given anthranne dyotutl obtained >\ 
heating gallein with sulphuric and Those and other well-known 
members of the group, of which it is only ncees>ai\ to nun turn 
Huoivseein, cosin, and the rhodiiinines. are among the most x\iuti- 
ful of all the artitieial colouring matters, and for this iu>oii t uj 

soon became and still are of immense technical imp^tanoi . 

3 Y* 2 
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The Stmsiihuftj l*vriod. 

Tlu- position which Ha. y.-r hold at the (iowcbe-lnstitut in tl,, 
Klosterstrasso was in many ways a dinict.lt one: tin- uiitkoniHv 
anmrontlv <U.l not realise tin- Urn* work which was U-ine done and 
when it was suggested. after a stay of ten years, that some ad,lm„ n 
might well he made to the quite inadequate salary attaching to the 
lHist. the suggestion was rudely refused 

In suite of this, when offered the Chair of l hrmlstry at H.migshrrg 
in IS70 as sueeessor to Werther. Hae.ver elected to remain ... Berlin, 
even although the conditions were not to Ins Wring. Die great 
ehanne from the rallu r ...li.nportant post in the klostorstrasse tmi 
(•hail- in a University was. however, soon to eome. and m 1ST:’ 
Haever received and accepted the call to Strasshurg. as l*nW 
of Chemist rv and Director of new laboratories, which, although 1 M 
t hci in existence, were to he .-reeled immediately. It H interesting 
,o note what a remarkably able stall there was in Strasshurg al that 
time for apart from Ha. yer and Heinrich Hose. I*hys,es was repit- 
M .„tcd hy Kundt. Ibmtg.n. and Kxn.r, and t.mth wa< the 

. .. 

. Perhaps the most important -vent in the early days ... Ml»^ 
was the arrival of Kniil and into fischcr. who. attracted by tin-fan:.- 
of Baev. r. dee id. -.1 in tin- autumn of NT- <- settle ... 
and studv Chemistry in the old lahon.tori. •* which wen- still in use. 
At that time the instruction in Inorganic Cla-mMiy was in lh.-u »e 
hands of Hose, who had recently cm- from Hcdelherg. and h. at 


niur intnulurn! tin -»>>?* 11 * 
irn-thod.w. nf Hllll ‘11- 

Str<i>d)urj*'t Stu< ii* n/.« i? . 
rapid in* iH'hU . 1 1 • - 1 1 \ 

iiis pn «-«•.-•» - hr h.i*! h 

.it 1l«>nn. 

Wh'-n di 

tn Kmil Ki- 

hi-x.iliV‘in i 


nf tr.i' him!. uiul f-jH'fiaMy thr aiiuhtiul 
J-V, h» r. in hK " Kniiii«T»Mi»fii -UH Hit 

jv!;it« w hi.u attnirtivi' thr-m >iniplc ninl 

w, r, in ( i 1 1 1 1 1 with ih- 1-mi and 

•«>)\ taujht to in' wliih* lu* ' U1, ^ n - 


■ tim«' <aini' 

In i that hi- 

!itK -i* i»f 


initial work. Haoy.T siigg.st.tl 

h-aild . ..ntinm tie invest igatioti "f 

v „ro...e, a...,- hydrotoeiliti. add and » 

acid Uteh Haever had. -bt. om-d Nh.ie acid from lb^e.» 

m N”" i . f o . Suppl 7, I) . >J ' , f t || , . M I -.-’.iii wliieh 

hanibd o\-r to Kmil Kwh. r th- large s.ipp y -f 1 - 
h- had gradually . ..!!•■<«• • 1 . hu, lh- nsear- h. 

thing. na-on f-r 1 hi- wa- t m "an. ^ Fbt * f 

im-tho-U of nianii»nlation in "r^iii' •' '> f;li]uP . was an 

then had at his • ••mm.ind. but tl)- mam cause o ^ ^ ^ „ ilh t |,e 
»0<ident due to tin- Her of the old la bom oi. g 
result that Kmil Ki-elu r fell through, while In 


i-iirrying 


the 



PERKIN : BAKYKR MEMORIAL LEfTPRE. 


product of the reduction of half a kilogram of mellitic acid and u 
large quantity of inereuny. It thus became necessary to make u 
start with another piece of original work and this again was suggested 
hy Bucyer, 

At that time, the whole laboratory was engaged in the investi- 
gation of the condensation products of aldehydes with aromatic 
hydrocarbons and phenols, which Jiaeycr had begun in Berlin, and 
Fischer now joined hands with the others and with such success 
that lie was shortly afterwards aide to publish the results of his 
investigation in the 7>\ fichu (1S7-L 7. 1211) under the title 
tVber Fluorescein und das Hithuictji des Orchis." Jn 1S73, the 
attendance in the chemical laboratory bad increased to such an 
extent that it became absolutely necessary to provide additional 
space and, as the result of urgent representations made to the 
authorities, building was commenced immediately and progressed 
so rapidly that the nets laboratories were in active use during till' 
following year. 

partly because of the interruption oi' work due to the building of 
these new laboratories ami partly mi account of the large amount 
of time which had to be given to the organisation of the courses of 
$(udv. the two and a half years at Stra»hurg must be looked upo'n 
as merely a transition stage in the eaner of Baeyer. ft is true that 
many of the researches which had been begun in Berlin were 
developed in various directions and with very interesting results 
in the Strasshurg laboratories, but very little actually new work 
was started. One discovery of far-reaching importance must. 

however, he recorded, and that is the tir>l preparation of mtruso- 
uimethylaniline and its eoiiversioii into nit ruso phenol, which 
liaeyer and Faro published in 1^74 (Am/*.. 7. soft. %3). 

During the early months of 1 h 7.7. BaeVer was invited to the Chair 
uf Chemistry in Munich, as tin* .successor to Liebig, and although 
he ultimately accepted the invitation, lu* seuns to have taken this 
step with a good deal of hesitation and only after Very careful 
consideration. He states in his “ Kriniierungeti that lie would 
not have hesitated in ordinary circumstances for a moment, because 
of theimieh greater imjKiriam e «»f Munich as a l niversiiN and also 
because he considered it an honour to he asked to follow Liebig. 
But the political situation in Bavaria was not to his liking, and he 
also felt that it was not quite fair to Strasshurg to leave the 
laboratories lie had just built when he had been there for so shoi. 
a time. 

in these circumstances, he travelled to Berlin in order to consult 
the many friends he had made during his long >ta\ in that city, an 
a* all were unanimous in advising him to accept the imitation to 
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Munich, he (leak'd to make the move, ami thus the Strassburg 
period came to an end. 

The Munich Pvrwtl. 


The situation whieli confronted liaexer on his auivul in Muiiirh 
was in many ways an exceptionally dilHeiilt one. When Liebig, 
in ISnlV accepted the invitation of Konig Max to become Professor 
of Chemistry in Munich, it was on the distinct understanding that 
lu- should be completely free from laboratory teaching. It i s 
remarkable that, in spile of the magnificent experimental work 
which was the outstanding feature of bis earlier years, Liebigs 
interest in cxiM-rimental investigation should have disappeared m, 
coiuplctely that be no longer thought it necessary that the Professor 
of Chemistry in Munich should have a laboratory of Ins own or 
indeed a laboratory of any kind for the training of students. HLs 
main interest, in his later years, seems to have been conlined to 
lecturing and to studying tin* applications of Chemistry to Agri- 
culture 'and Medicine ■. It is true that his Mure* were wrv 
jtopular and wete attended by the King and the Royal Family and 
;d<o bv the Ministers of State, and they seem also to haw been 


largely patronised by tin* general public. 

\s 'there was no laboratory, there were m-eessarily no students 
nf ( hemistry. and it ua> evident that Liebig had no desire Ui 
continue the famous tradition of the Chosen School. Whilst it i> 
difficult to understand Liebig > attitude t-.ward> laboratory teaching, 
j, .till more ama/ing that the t Government of the day shmil.1 have 
„ „ rUUi \ to allow 1 1 . ; - of things to eontimie for i.;mv than 


l went V veal ' > l s -»- , , . , 

tin hi'. arihal. H.- %* >' r.<o-ui..-.l at oh.-.- that hi. hr.t ta.k \u. 
,.mvi.l.- f<>r th- pro,. , t-a.-him- nf pra. ti.al Ch.-n.Mrv ami. m 
„ r ,|.. r 1 hi~. it «a. > !> al ly n.a.-arv to pro.-.-, at :mv "ill, 

th- plan, for .uitahl.- lal».rat...„ >. It i> • o.i.-n- . of th- la,^. 
,.f »hi.-h Ha. v. r k of <h- situation, that th- lal-ra.a .. 

hr >l.-.ii!n> .1 « i i- lai.l a.. al..«hh-h n,u.« | iav, ap,,ar,; , u 

, J t • , IV, |lo\\r\el , Ills 

th* if-iMi-L'. ,'SS 

«... o.i.lv for ...»pa»-» m <h.- autumn of h. foil - • ^ 

In or/ani.iim th.- -our.. - of in.trm-.ion in P * ^ , 1;imLs ( ,f 

flm Inorunnir w.-tion <>f th.- .ubjwt »«w r ' ,l '’ .li.nii.t^ 

Jakoh Vollmnt.an.1 In. Ii,. ..un .. -nr mtlK-hn. of 



PKHKIN : BAEYKK MKMOBUr. I.ECTL'RE. ]r )3 j 

„ho taught Inorganic ('hcmLstry in .Munich was Emil Fischer Tl 
teaching of Organic Chemistry sccnm, from the beginning to ha v! 
|,een entirely in Kacyers own hands and he also delivered the 
elementary cctures m Inorganic Chemistry and indeed continued 
t„ do so right 11]1 to the time of Ids resignation in the year l-ir 
Tlie research work carried on during the first ten years in Munich 
was mainly devoted to the continuation of the various investigation ■ 
i„ the grot.,, of the phtimiems, as well as to the development of the 
Hines of researches on the eonrlensation of uldehvdes with phenols 
and particularly to the lirst really serious study of the indi«o 
problem. It was during these years that the mechanism of the 
condensation of phthalic anhydride witli phenols was cieariv 
established. In the lirst place, it was shown that phthalide which 
had been thought to he an aldehyde, was in reality a lactone and 

sulsei|uent!y phthaluphenonc, which Fried, land Crafts had obtained 

from phthalyl chloride by condensation with benzene in the presence 
1,1 •■‘Itiininiuni chloride, was also shown to he a lactone and Was 
recognised as the parent substance from which the phthaleins were 
tlf-rivt‘f L 

In a lecture delivered at the Hofmann House in Jierlin on October 
- ,Jtll > It WO, Ha ever states that tin- ritual impulse to work oi } 
indigo can be traced to an incident which occurred when he was 
only thirteen years of age. Jt seems that on his thirteenth birthday 
he was given a two-thaler pirn* with which he bought a lump of 
indigo, and he appear* to have bun inumdiately fascinated with 
th<‘ properties of the substance. and this fascination remained until 
he had completely solved the chemistry of the colouring matter, 
ile did not. however, la-gin to investigate indigo ex]>eri mentally 
timil JMm, and then In- earriul out and published the results of a 
m ih's of experiments which were very remarkable. especially when 
the state of Organic CheiniMry at that time is taken into account. 
In the course id these experiments, he examined the properties of 
nidigo in detail and prepared several important derivatives, among 
uhiih was isatin. He showed that isatin on reduction yields first 
dioxindide and then oxindoh , and that these substances, on distil- 
hition w it h zine dust, are reduced to the parent >uh>tanec. indole. 

In l, ^ ( h in cobjunetion with Knum-riing. lie achieved the first 
•\'ntlu>is of indigo, which, as is well known, was the result of 
luiting isatin chloride with phosphorus and hydriodic acid. In 
^c extraordinary interest attarhing to this discovery, it is 
Hiiidikabie, and indeed unlike JWyer. that the matter was at the 
time Hot iininodi.au iy followed up. but I his was due to the fact that 
thr^ ftS ^° work out of consideration for Kekule. and 

ls l ' anit ' about that nothing more wa* done \Vt h the indigo 
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problem for eight years. In 1809, Kekule had published n pa| JfT 
in which he stated that lie proposed to carry out a series of exp(. r j. 
monts having for their special object the synthesis of isatin, and, in 
order not to interfere with this work, Baeycr decided to leave tin* 
further development of the whole indigo problem to Kekuh*. How. 
ever, nothing eame of Kekuh* s work, and as no one else appeared 
to be occupied witli the indigo problem, Baeycr, soon after hn 
arrival in Munich, again took up the subject, and between ls7« 
and ISS-t those classical irseiu'dies on indigo and its derivatives 
appeared which will always be intimately associated with the name 
of Bacver. These investigations must always rank aiming the 
most brilliant in the whole range of organic analysis and synthesis: 
for not only did they throw a thud of light on the constitution <.f 
indigo and clearly demonstrate its dose relationship to imUe, 
but they also gave to the world those marvellous syntheses which 
are the wonder of (.'Very chemist who repeats them. It has already 
btrn mentioned that the liivi synthesis of indigo (|S7<|) was the 
conversion of i>atiu chloride into imligotin by reduction with 


hvilriodie acid ami phosphorus. hut this process, inten -sting though 
it was. did not proceed smoothly enough to allow of its acceptance 
us definite proof of the constitution of the colouring matter Of far 
greater itn|xirtunrc were the syntheses (1*SH) from a -nit rn phenyl- 
j ropiolie acid hy the action «>f alkaline reducing agents and the 
synthesis from o-nit robenzaldrhydr and acetone which Barycr anil 
Orewsen subsequent ly published in issiV But the most elegant 
synthesis. aU,, published in lv*-. is unquestionably that from 
{ \\\ .o-nit ropheiiylaertyleim). a brilliant piece of experimenting which 
even BaeVer has seldom surpassed. These synthetical pmcmso 
v.-ry nat utally nitr e ted the attention of the (human dye work, 
and a great amount of work wa> fewtUhly carried out hy an army 
,,f research chemists in tin I.ojm- that the development -f these 


syntheses might lead to a suer.-ssful process f*.r the inrinufactuiv 
of indigo. But ill tie terhnmal applieation of the results of his 
resrareh.-s Rtever toi-k little if anv active part, his interest in in# 1 
M-nus to have ei-nij'h t. ly disap|H-ai, d so >.».» as l.e had tim>hcd lin 
scientific inv. Migatioie. and lie ft.e more than content to lorn *>”} 
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jn 1885 lie began to fee! .severely the mental strain inseparable from, 
bis long ^rics of investigations in this group, and he became indeed 
w > exhausted and acquired such a distaste for the whole* subject 
that lie determined to have no more to do with it and to seek relief 
in a complete change of work. The first subject which now occupied 
his attention was an investigation in the poly acetylene group which 
may have had its origin in a series of experiments on simple acetylene 
derivatives which Berend and Uebennann had carried out in his 
laboratories during the Berlin period. The object of the work 
seems to have bu n a desire to join molecules of acetylene together 
until a substance was produced which contained so small a pro- 
portion of hydrogen that it might be expected to exhibit close 
resemblance to the diamond: but Baeycr recognised that such a 
substance would, in all probability, prove to be a very explosive 
modification of the diamond. Baeycr used to say that he thought 
it conceivable that the diamond might contain a minute amount 
of hydrogen, since it had been stated that traces of water were 
always produced when diamond dust was burned in oxygen. From 
this idea of adding acetylene grouping to acetylene grouping there 
arose a most brilliant experimental investigation on the poly- 
acetylenes and pnlyaectylem carboxylic acids which, owing to the 
explosive nature of the substances dealt with, had to he carried out 
with minute quantities of material. There i* probably no piece 
of work in which Baoyer's experimental >ldll is more strikingly 
exemplified than in the papers “ I'eher l’rdyaeetylenverbindungen." 
published in ISNo. 

Starting with dibroim»uccinic acid. Baeycr converted this by 
the action of alkalis into aeetylenediearboxylic acid and then by 
elimination of carbon dioxide into propargylic acid. The copper 
derivative of the ester of this acid yielded, on oxidation with 
ferrievanide and subsequent hydrolysis, diacetyleiiedicarboxylic 
acid. (()., I (™(’*(’n.,H, from which diaeetylene, 

CHEEK’ ’H. was obtained ami. on reflating the process with 
this acid, tetrvi-aeetylein-dicarboxylie acid, 

( ’( UH '-i ’ •(■=(•- ('EEC ( =< *■( ),H . 
resulted as a colourless, crystalline substance whieli became rapidly 
black on exposure to light and was. in anything hut very small 
quantities, spontaneously explosive, so that it was quite out of the 
question to hope to lengthen the acetylene chain any further than 
Bus. It was the authors good fortune to he allowed to take part 
hi and watch these experiments, and the rx]>eriencc of the experi- 
mental skill with which Baeycr carried out these very ticklish 
^rations, with no other apparatus than test-tubes and glass rod*. 

to this day a very lively recollection . 
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\t the i ml of the second paper on pulyaeetylene dcnvalives, a 
section is devoted to " Thcoretische iietiuchtungcn,” ami this 
contains the famous “ Kpiuinungs Theorie,” as well as the tlioory 

of the treble linking. . , , . , . . . 

The Spannnngs Theorie deals with the theoretical considerations 
underlying the stability of the various lings containing multiples 
of methylene such as ethylene, triinethylelle, tetraimlliyleiU', 
pentameihvleiie, hex.ni, ethylene, etc., and is based, as is well 
known on the strain to which the valencies of carbon, directed 
from the centre to the corners of the tetrahedron model, hum 1„. 
subjected in order to bring them into the configuration of these 
various dosed tings. This theory lias been of immense value and 
a* great incentive to further work oil closed rings, and although 
the original conception has been somewhat niodilicd by the work 
of Thom-, ingold, and others, it still remains a brilliant and highly 
suggest ive piece of theoretical work The complete statement i,f 
this theory is set out ill two and a half pages of print, and is indeed 
a marvel of coiici-c and accurate expression, which may serve a< a 
model for writers of papers of the present day to show how few 
aords and how little space are often really necessary to make dear 
ovh, so novel a theory as the " Spanmiitg- Theorie ' was at the 


time it was put forward. 

Between the years |v4 and I'd.'!, Ilaevcr published a massof work 
,,f a very v.tiied kin, I. including a- it did the synthesis of hydrindciii- 
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simple method for the preparation of p.<\ ikotohc;oi.m thylenc 
and of its conversion into p-dihydroxyhexaniethyJtne (chinitol) 
and then into di-, tctra-, and hexa-hydrobenzene. 

It was during the course of this epoch-making investigation that 
JWycr first, put forward the important generalisation that the 
distinctive aromatic character of benzene and its derivatives is 
entirely destroyed when the nucleus is reduecd, and that substances 
like di-, tetra-, and hexa-hydrobenzene have no longer an aromatic 
character, but are essentially similar in properties to substances 
belonging to the aliphatic series. 

This novel view of the character of the simple reduced benzenes 
as well as other theoretical considerations which had emerged during 
the progress of the researches under review, suggested to Buever 
the desirability of taking up the systematic investigation of the 
reduction of benzene derivative's and especially the study of the 
reduction of the phthalic acids, a field of work already somewhat 
familiar to him on account of his earlier researches on the reduction 
of mellitic acid. It is impossible to give even a brief survey of these 
intricate investigations, which are so masterly in all their details 
that they must always remain as a monument to Baeyer’s experi- 
mental skill and theoretical ability. It must suffice to mention- 
the fact that the experiments on the reduction of terephthalic acid 
were: so exhaustive that they resulted in the preparation and 
characterisation of e very hydrotcrephthalie acid which would be 
expected to exist, if our theories of the structure of organic com- 
pounds arc correct. This series of the reduction products of 
terephthalic acid consists of four diliydrotereplithalir acids, one of 
which exists in cos- ami //•«/*,?-] Modifications, two tctra hydro -acids, 
one existing in r/.s- and /mns-modilications. and one hexahydroterc- 
plithalic acid, which again exists in cm- and //■« /^-modifications. 

This remarkable agreement between exjxriment and theory is a 
striking illustration of the almost uncanny accuracy of the prevailing 
views nf the structure of organic substances. 

I lie reduction of tin* phthalic ac ids may he readily brought about 
hv means of sodium amalgam, but the benzene hydrocarbons and 
many derivatives. of benzene cannot be reduced by this process, 
mid it was not until much later that the met Inal of reduction by 
means of hydrogen in contact with nicked, discovered by Sabatier 
mid Seiulcrcns, and the still more elegant process devised by 
^illstatter of reducing with hydrogen in the presence of specially 
prepared spongy platinum, removed this ditliculty and amplified 
11 ud extended the work of Baeyer. 

In the course of the researches on suerinyl succinic ester, which 
urcupmd much of his attention during the years ] SSt>- - 1 Sf h>, 
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BiU'Vcr showed that the methylisopropyl derivative of this ester 
is converted on hydrolysis and sulisenueiit reduction into methyl, 
imnropvlchinitol (mcthylwopropyhlUiydroxyhexametliyh nc). fr lltl , 
whirl, hv elimination of water, ho was able to prepare methyl- 
isopropyldiltydrobcn/eno. tW He thus sueeeeded, with the 
aid of such simple materials as methyl alcohol, ait tom . anil succinic 
acid, in accomplish!..!: the first synthesis of a terpene. 

The discovery that this synthetical dihydrocymenc, containing, 
,S it does the two double linkings in the nucleus, is not identical 
with any known tcri>ono greatly surprised ami interested Baev.-r, 
and it is evident that it was the consideration of this fad whir], 
indue -ed him to commence that long and l.iilliam series of iiivi-sti- 
cations on the terpet.es which shortly afterwards began to ap| W . 

" The results of this ditlicult work are contained m twenty-live 
communications to the lUtithU entitled " Ortshcstiminiing in eler 
Term nreiltc " and it is curious and woitliy of note that all these 
' from the first . published in IM«. to the last, which ap|caml 
ismt are marked " Vorliiulige Mittheilung." This course, in 
adopted in anv other scries of his n searches, would seclc to slight, 
as indeed actually appears to have been the ease that baeycr «< 
never quite s.itislied with the oxjienmcnlul results, and especially 
with the theoretical considerations deduced from them, and intended 
... .. Piter d it * * to put the whole subject matter together m the form 

o ' i iphlet . Tin- was. however, never done. The sttggrMi., 

| rl s been made tbit in certain rre|»cts. and tally hr 

ooim of Mew of theorem al insight and treatment, these research, 
are less brilliant and convincing than much that had gone Mere 
Tim i.rng patior. the fifth of the -erh >. deals, among other matters. 

with', P-hlem „f the constitution of dipentene am ,» 
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to gi'^P the reaL’chameler of dipcntcue caused a good deal of eon- 
f ib ion at the time, which extended to other members t)f the lenienc 
group, and was rcsjwmsiblc'for the incorrect formuhe which were at 
first assigned to ear vest rene and sylvestrone. it. was J10 t until tHo 
famous theoretical paper of Wagner appeared in Russian in 181)4 
and terpineol had been synthesised in 11)08 from AMctrahydro -p. 
inluic acid, that tin* nature of this substance can be said to have 
been clearly understood and its eonstitution established. In spite 
of the confusion connected with the eonstitution of limonene, the 
lei'pene researches of Baeyer contain a great amount of very accurate 
theoretical work of tin* highest importance. Very brilliant, for 
example, both from tin* experimental and the theoretical points 
(if view, is the series of researches on the conversion of the naturally 
occurring ketone earvone into curunc and the oxidation <if the 
latter to caronic acid, which Baeyer obtained in <:i«- and /wms- 
iiKKlitications and recognised as ^//orlimcrhyltriinethvlene- 
dicarboxylie acid. This remarkable and highly imjxjrtant acid, 
the constitution of which was subsequently confirmed hv synthesis 
was destined later on to play a great part in connexion with the 
discussion of the ease of formation, stability, and other properties 
of the trim ethylene or o/Wopropanc ring. Baeyer. moreover, made 
the interesting observation that carone may be converted either 
into a derivative of woeymene or into a derivative of p-eymene. 
according to the direction in wliich the yo/odimethyltrimethvlene 
ring sulTers scission. These experiments led. as is well known, to 
the discovery of carves! rene. which, oil careful examination. proved 
to be the externally eoinjamsated modification of sylvestrene, and 
thus the important eonchision was drawn that this constituent of 
pine-needle oil is that derivative of ///-cymene which corresponds 
to limonene in the p-scries. Perhaps nf -till greater significance 
arc the elaborate series of experiments which Baeyer carried out 
on the oxidation of pinene, since these furnish the proof, which at 
the time was wanting, that the Wagner formula for pinene. contain- 
ing a f/on-dimethyln/r/ohutane ring and one double linking in the 
reduced benzene nucleus, is the correct representation of the 
constitution of this most widely distributed of all torponcs. In 
the course of these difficult experiments. Baeyer isolated and 
<hiir;utrrisod pinonie acid, pinir acid, and norpinie acid, a scries 
"t acids of more than ordinary interest on account of the fact that 
they all contain the </c;«-dinietliyh’yr/obutane ring assumed by 
Wagner to exist in pinene. It is remarkable that, whilst nearly 
fill the degradation products of the terpenrs have now been prepared 
synthetically and their constitutions quite definitely established. 
a h attempts to synthesise the ge/n-dinn'thyleyeMmtjtne acids jus! 
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input ioni'il have so far been ipiite unavailing, ^hiring the eiiuis< 
of these rrsi'arehcs. Haeyer alsu discovered pinoyl formic acid and 
nopinone, two .substances of great interest which he recognised as 
being derived, not from pinenc itself but from nsopinene (iinpim 
the isomeride which contains the double linking in the side -chain 
instead of in the* ring, and is a constituent of most samples of 
commercial oil of turpentine. 

It was while engaged in researches in the terpeno group that 
Rievcr first began to experiment with Caro’s arid, a, reagent which 
he found of the utnioM value in the determination of tin coii.-titutji.!, 
of terpems, and particularly of cyclic ketones of ihe lerpcne gruuji. 
In ISPS, Caro had discovered that a |>crsulphatc, when treated will] 
concentrated sulphuric acid, is converted into a new acid which h 
a powerful oxidising agent, but tlitTers from oth(*r acid oxidisiiu: 
agents in several important particulars. All attempts to isolate 
the m u m id faihd. but a long and very interesting examination 
of the projK'rties of its solutions clearly proved that it is an oxidi^i 
sulphuric acid of the foimula and for this Ba ever suggested 

the name Sulfoinonopersaure. 

This oxidising agent was first used by Baeva r with micciss in 
establishing the constitution of lerpinolenc. but suh-rijm-mly he 
found that it w a- particularly valuable because of its speeilic action 
on ketone-. which it converts into j-cinxides or in the ease of cycjie 
ketotH > into lactone-. < hi siibs< *pieiit hydrolysis. these lactams 
vield the 1 1 »rri > ponding h\ drow-acnls. and it i- tin n only neccs-aiY 
t«, deter mine the eoi>tituti<»n of the hydroxy-acid in order to hr 
a i,;, in (h-duee til-’ -mn tine of the k* tone from which it was derived. 

hollowing on. and indeed in continuation of, the investigation 
of * lie oxidising aetmn of Cam's a< id. there began to appear in 1W. 
when 1U. yer w a- -ixt \ -fix .* years of age, tin- brilliant >rriis d 
re-i arches i >n jMTo\id« - and oxonium salts. I Vi haps one of the 
„ „ 1 1 k i »*!>■ f. nun • . f III—- all «*f whi. Ii w.-e piiWWif" 

ir: 1 1 >n jm.' * i* u .will In, i— i-iant. V i'*t » \ illi-' i- iiii'l a. .it liii-' b 
witli pja.ii;. r.:s mninrti-d with Inorganic Chemistry. b 
/.f i !u :M|. .t! let hod- will. 1, Were dc\c|..|H.l ill tile 


; 1 1 ; , . I = ,.f r|,o i » >n - * it u* ion of Can* - a* id and allied mid-. <l - wii <■ 
if th»- p, ;o\-d»-. It wa-, no doubt , a natural Coii.-ccpM'* i 11 

1 1 1 -• o » > | V of the « nliVelsinli of ketolU > into peroxide.- b\ lll ‘ ,llt 

,.fi mO.., is iiiivlur.* "f hv.ln.u..M ,o,.xi,loi:, 1 Ui.l J ' 

«ln. i. ..n.«.r-U J»tn !>•.><•> tlml Ka.-v.T ^ 

In,.- ^,,ri l l.|...-u.-.i..fll,.a..r„u 

,,f it : mi. i. -lim: in r. a.lii.v' tlu-- l»‘l» >■' 

... III. I.,..- ..f tl,.,., K iit «lu.h l- l. fn-m thy ■ |1|( tE . 

... m in-. in -ii.il .. viui. lv »f 'll" ' 11 " -• 
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is impossible onlhe present occasion, ami alj that can be attempted 
is to indicate quite briefly our or two of the more striking features ' 
Benzoyl peroxide, is Induced, as is well known ^ 

when benzoyl chloiide read * with barium peroxide, or witJi hydrogen 
peroxide in the presence of sodium hydioxide, and Baeyer found 
that this substance is hydrolysed by sodium ethoxidexvith the 
formation of the sodium salt of benzoyl hydrogen peroxide (benzo- 
persiitire), ( J ;/<'<)•()■( J}{, which is. of course, a powerful oxidising 
agent. The discovery and examination of benzovl hydrogen 
peroxide gave tin* explanation of the mechanism, which had for 
m> long not been understood, of the ready oxidation of ben /.aldeh yde 
hy air. Jiaeycr showed that benzoyl hydrogen peroxide is first 
produced, and that this llitu reacts with a second molecule of 
benzaldehyde, yielding two molt < ul* s of benzoic acid. 

Another very important development of this research was the 
discovery of the ethyl derivatives of hydrogen peroxide, C,H-*0*0H 
and (Uf -dbOd 2 H.v produced hy the action of ethyl sulphate on 
hydrogen peroxide in the presence of alkali. These substances are 
colourless liquids which distil at b.V and do . respectively; and the 
interesting observation was made that, whilst the former is a power- 
ful oxidising agent, the latter is inert and room hies ether in its 
properties. That diethvlhvdroperoxide has the formula 

rji^MHUl... 

derived from Hd.)dbH > and not ()I0<C| “|| \ d< rived from o:o<u, 

is clearly shown by the observation that, on reduction with zinc 
dust and acetic acid, it yields two molecules of alcohol and not 
ether, as was to be expected if the second humuia had been correct. 
Baeyer regarded this as strong ex idem v in favour of the formula 
H*0d>K for hydrogen peroxide. 

In the course of these **x j nrin i<-ut s. Baeyer investigated with 
great care the action of .diver oxide on hydrogen ]>eroxide, and 
shoxved, from the accurate measurement of the amount of oxygen 
liberated, that the proves.- takes place in a simple manner according 
to the equation Ag.,<) H li.\g • f i > lb, wliereas Kertheiot 
had assumed that an oxide of silver, probably Ag 3 0.,. is first produced 
mid tJien decomposes int c » silver and oxygen. 

The experiments on benzoyl hydrogen peroxide, on the ethyl 
derivatives of hydrogen jHToxide, and on the eoiistitution of 
hydrogen peroxide caused Baeyer to direct his attention to the 
properties of oxygen in general and particularly to the question 
^ bother oxygen can or cannot function as a quadrivalent element. 
He became serially interested in the brilliant researches of Collie, 
"ho, in 1 899. as the result of his investigation of the^alts produce!! 
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by the combination of dimethylpyroue with acttbs, had not only 
put forward the view that oxygen can function as a quadrivalent 
element, but, what was still more striking and novel, that it 
exhibit pronounced basic properties. That substances such as 
aurin, fluorescein, and other phthaleins yield salts \vith sulphuric 
acid had been known since 1S70. and in ISflti A. Cl. lVrkin dcscrilinl 
a w bolc series of salts which yellow coloui ing matters of the <|iu-n -etin 
group yield with acids. As these colouring matters are derivatives 
of ' -pyrone. this observation, in x iew of the subsequent development 

of the'subjeet, is of considerable historical inter- t, but the other 

hand. A. 11. IVrkin, in common with others who investigated salts 
of this kind, concluded that they are merely molecular compounds 
of the dyestuff and the acid. Collie and Tickle, however, as the 
result of their experiments on a great variety of salt- of dimethyl, 
pvroiic, drew the conclusion that the formation of these salts is due 
to the bridge oxygen in dimethylpymnc la -coming quadrivalem 
and basic, just as the nitrogen atom in the pviidoites ami other 
nitrogen derivatives becomes qiiinqinvalent and ba>ii when it 

bines with acids They t hen-foie named these comparatively 

unstable oxvgcit salts " ox.mium salts." Ibu yer and the nit-inVix 
of his staff were at tir-t radically opposed to these view. of Collie 
and Tickle, and csi-vially to llo- suggestion that oxygen n-ultl 
assume bash- pro|Hrti..-. Hut. as the fiwts .o - iimtilai. il. Hae.ver 


<tiu|iaraii\v!y 


wa.-x gradual lv forri’d in rhaniM* iii> 
a most enthusiastic sup|«-rter of llm ox-niim, tin -ry. In -lm-u.-sim 
this change of vi-w. In- says m on- place " Hm I am mve. 
obstinate, nor is it my habit to adhere to any xi-» I tad hat 

it no longer agrees with tin- facts." In order o- evumu- th- 

matter for himself, he. nu-ne.-d a. tin; age ,,1 six-y-ox. ami ^u, 

in collaboration with his fn-nd and rnsMant. \ \ tlhger. the a , 

known and brilliant s.-n.-s of r. sear, In s. ' - hr -1. W* 

Kigensehaft.-n d-s -<aue, -tuffs." »»<> « * r-^arkab,.- a* in «.. « 

his change of attitude, that on the second page of <1- M 
then- occurs the subsection. • I ’roof Of the fact .Mall 

organic- derivative* • »f 1,1 ' , j ,| H „ 

date, lb.ey.-r somewhat qUal.n-d this statement . and -!■ ’»>'' ^ 

the is-rox.des were an exeeption t» «!.- || • ; ; 

proved to be capable of yahh.ig oxom.m. £ 

with tiles.- r.-i-ari'hi-s mi tin- ba-.e natm. -- oxy,. - jni . j , ) , |m , n , 

much ini. rested m tin- ba.-n I'M* rtn > - ■ ■ , , a ,. t intio> 

to these rcs.-areh.-s. which belong die hot |» r “ _ u | | |Uli( 

WHS the ..b-ervatton that tri|.l.. nv|. ->arl.i»-l ' ^ 1>u lil( 

acid, yielding a y.-ll-.w .solution of a '■> *• " 1 '. ’ ( ,. ;l rf-inel. 

Addition of water, is wbd «'<>* 


t it mli* .1 i ultimate ly In* 1 


ti r>t paper 

1 i ' Itl SM'.d (.'f 


.lies ill -“ll ,lianC 

lloW.-M-r. I'll *' 
, ,.f the .-arf-in.' 1, 
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In the case of tri-p-anisykarbinol, the basic nature becomes so much 
more pronounced that this substance is capable of forming salts 
even will) dilute acids. Considerable controversv arose as to the 
explanation of this remarkable state of things. Kchrmann was of 
the opinion that, in the formation of the coloured salts of the 
liiphenylcarbinols, one of the benzene rings became quinonoid, 

yielding salts of the type J J{j>C<«. Baeyer, 

„n the other hand, preferred to represent such salts, as, for example 
triphi nylnietliylsii Iphate, as (C fi H 5 ) 3 C O-SOjII, the curved line’ 
called by him the earbonium linking, indicating the particular 
valency which is capable of combining with the acid radicle It 
would appear that the constitution of these curious salts remains 
to the present diiy an njxn question. 

Baevcr continued right to tin* end to interest himself in the 
nxonium salts of the pyrone t vjjc, and Ins last research, published 
in 1M.“> (Annuhx, 407, 322), when he was eighty years of age, has 
for its subject the reduction of the pyrones. This communication 
contains the first description of the nxonium colouring matters, 
substances of great interest particularly because of the probability 
that they are allied to colouring matters which Willstiitter has 
isolated from the blood and from plants: and this brilliant piece 
of theoretical and experimental work shows that Baeyer retained 
his great powers as a thinker and investigator to the last. It 
is highly probable that he would still have continued his researches 
hut for the fact that, when all his assistants had been called 
away to the war. he felt unable t<» carry on quite alone. 


h) attempting to pass in review the life and career of a great 
personality such as Baeyer unquestionably was, the mere discussion 
(, f lii> published researches can at the best give only a very inade- 
‘pwte impression of the real character of the man. And yet, on 
account of his retiring nature and dislike for publicity, and also 
because he travelled little in other countries, the actual mail was 
iiuwn to comparatively few. and it is not easy to convey a clear 
impression of the personal traits which were his characteristics. 

■ lohably the most distinctive feature in Baeyer s character was 
ic steadfastness of purpose and determination to allow nothing 
to “derferc with his duties as a teacher or with the course and 
^clopmcnt of his investigations. Hr made it quite clear to the 
^ nnersity autliorii ies that lie would have nothing to do with general 
lm,IMt y politics . *aiul he always refused to serve oil committees 
U1 lUU ‘”d meeting* unless thev were directly court-rued with the 
a *drs of his department. He fell strongly that it was his business 
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and duty to have no part in any outside work, unless it was abso- 
lutely unavoidable, which took him away from his laboratory. He 
would have been horrified at the waste of time and energy, dig. 
to attendance at committees and other meetings, which would .seem 
to he an essential part of the routine of heads of Chemical Depart- 
ments in this country. 

There can he no doubt that it was this refusal to waste time 
coupled with his extraordinary power of concentration, which mad,, 
it possible for BaeVer to produce, with such regularity, so great an 
amount of work always full of originality and of first -rate importance, 
Another reason for the enoiinoiis output of original work is to In- 
found in the fuel that he regulated his whole life so t hat noth jug 
should stand in the way of the development of his researches, 

Muring term time, lie lived with his family in the line house 
attaehed to the laboratory, and had only to go along a corridor tn 
get to his private laboratory He took little exercise, and was of 
the opinion that exercise, other than that involved in the daily 
octupation, was m>t rsM-ntial to health, lie seldom attended tie* 
theatre and was not interested in mu>ie. for the author well reimm- 
|, r i% how bond he was on one occasion when his assistant Homolkn 

• a great Wagner enthusiast- persuad'd him to sit through a live- 
hour [M-rfonnanee of the ” (lotterdiinimening About the year 
|VC> he purehas. il an i state, eon-isting of a line Iioiim*. which he 
ra |l,,l \’illa DaeVor.” situated in a huge and beautifully Monied 
[.ark on tie* di"ivs of the hike of Starnherg. and it was a groit 
d. light to him to stroll among the lr« rs and enjov the brautiful 
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elementary matters, mul rarely indeed gave to iiis students or 
foi leagues any account of his own investigations or of the lines on 
which h<* proposed to proceed in the development of the researches 
he iuul in hand. 

In attempting to convey some idea of his methods of research, 
the fact must again he emphasised that Bacyer was a great reader, 
especially of current literature, and the remarkably wide and 
thorough knowledge lie had of the literature of the subjects he was 
interested in is obvious from the dear, concise, and complete wav 
in which the introductions to Ids pajs-rs are written. Before 
deciding on the next line of action and as a preliminary to starting 
the experimental investigation of any problem., it was usual for him 
to walk slowly up and down in his study, or more frequently in his 
laboratory, turning things over in his mind : he never seemed to be 
iti a hurry, and, so far as the author remembers, he seldom made 
notes, and it was not his habit to cover sheets of paper with formula*. 

His private lahoiatory, in which the author had the good fortune 
tu work for a year, was equipped with the simplest possible appara- 
tus. the most striking feature being larg«- racks, such as are com* 
moldy in ust* at the present time, tilled with tot-tubes. He insisted 
always on absolute cleanliness, and it used to be said that his test-, 
tubes were tirst soaked in dilute caustic soda for an hour, then 
washed with water, then with alcohol, and dually with distilled 
water and dried. 

Bacyer also used large numbers of carefully cleaned glass rods 
and had always a stock of these to hand, placed upright ill wide- 
mouthed bottles; there were also small thinks, beakers, etc., but 
tbe striking feature of the laboratory was the absence "f any large 
apparatus as well as of meehanieal devices of any kind. 

Directly In* came into the laboratory. Barter used to have a 
short preliminary talk with hi> assistant, in tin* course of which he 
would examine any subMances which tin- latter had prepared 
during the previous day He Would then bruin to investigate the 
la w material by subjecting it to a searching series of test-tube 
1 Hx-riinents, and, as the result of long practice and experience, 
he seemed to know intuitively what kind of treatment was most 
likely to lead to the result he desired. Bacyer had what may be 
'seiibul as the chemical instinct in a remarkable degree, ami 
buo>t seemed to know beforehand what was going to take place. 

it nevertheless sometimes happened that whole days or eu*n 
'wks ,,f experimenting produced nothing of any importance. 

I he story is told (if one period id six months during which, in spitt 
persistent experimenting, no results of any value were obtained, 
the problem did not on this account erase i<> interest Bae\ej, 
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and one day. lu* came into the general research laboratory to , S } UAV 
a wonderful test-tube experiment which hud completely elmn^.j 
the outlook and supplied the explanation for the long (tf 

failures. After this difficulty had been overcome, the whole 
investigation progressed by leaps and hounds, but no one reading 
the published paper eau have any idea of the labour and patience 
which were necessary before t lit* end was achieved. 

Huever used to say that the only way to tackle a problem was 
to keep on experimenting until it was solved, and \\ illMaller relates 
that, on one occasion, a colleague from another l. niversity, whilst 
congratulating Baeycr on a great piece of work he had just finished, 
remarked that he only willed that such luck would emne his way. 
To which Haever replied : It is not a matter of luck. I have no 

more luck than you have. The only difference between us is that 
1 experiment more than you do.” When any test-tube experiment 
had given a result which was thought to lx* of sufficient importance, 
lhiever list'd to repeat it and show it to hi> assistant, and tin* hitler 
was then left to carry out the work on a somewhat larger scale, so 
a> to provide the material necessary for further development*. 
Keen then everything wa> always done on quite a small >c # hle. and 
probably no chemist ever achieved so much and obtained such 
hi iltiant results with the expenditure « f s,> lit 1 1«* material. 

The attitude of Ha* y* r towards exjH-rimenting may he expressed 
j n } t js ,,wn words : i do not make the exp-rim. -nt in order to s(f 


wlietlier HiV views atv of ate n..t correct, hut in order to find out 
u hat t he l.rhav iour of the siib>tanee is umlt r a variety of renditions 
It is for this reas< «n that I attach little imjH»rtan<r to theories. 
It is true that 1 »a» \vr was . s-entially the experimenter and wa- hv 
dispi <sit i> >ii t;..t oj-eat Iv inter* st«<i in th*«*r»-tieal matters, lie iwd 
MO liking f* r t he method of working out a theory mi paper ami then 
gi.ing in** 1 th*- l.ib..Mtm\ to *ee whether th»‘ idea- r jv' ,jt v] 

vvrojig hi - pi. n was to wotk out the theory from hi- expunnetits. 
and Usii ail v riot until the e\jx rnr.ental mateiiii wa- piaitioi t 
,-omplt t»- \Vh» n aiiV new development had aii-en. it "< l " | l 
,. u , l(im t., .Ji-.u., its theoretical bearing with the senior* in W 
l.iboratorv. and in writing up hi.* papr- for pubn- atien lie 

sj,nt a great amount of time in elaborating th* 1 

""g':, .< ... - 

will. «ln. h . \ ,-ryt f.imi i- : |>r..l>aHh ii" im> ^ 

a. - nU'.l la- r. -lilt- a...| <l» ir l.rarm.L' m 

Alth...iu-li alaay- aii'l ' Irar. th.- .1. -o .ft 

.Mu ll'. .1 « . rml. |» I'li.'U'-. •" i"' 1 :l 1 , • r ,siills, 

l.n. l, „„| .„|UI Ilf I.I.V, l.a.l .H.a-lall l<» f|« 
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would have had an easier time and been Ihankful if th, r ,• 
had been somewhat more detailed. f (llrottmn ‘ s 

The one side of theoretical Organic (.Wiry wind, i„ tw4w , 
|u,„ ,n„re than any other was the structural aspect, ami the stu ,lv 
( if the introductions to h,s paper* shows how remark,, Uv areuru te 
were his notions of structure.- even in early times. It was douhth 
this interest in structural formula- which led to the enunciation of 
the hjiannungs ITicoric,” and to his views on ihe structure of 
henzem 1 . 

Perhaps for the reason that In- was aeeustomed to do a || 
i-xjrnnicntal work himself. Baeyer had little inclination to work 
with others, and the titles „f his papers show that, whilst he f r( - 
.(iicutly published with one or other of Ins assistants „ , w . ltc 
,-slcm with Victor Villiger than with any of the others- -f Imm-tual 
nuink-r of Ills eo. workers was relatively small. This is the more 
surprisine when it is n-meinbcml that the laboratory was always 
overcrowded with the most promising material from ail parts of the 
world, and that every new-comer would have considered it a „reat 
honour to have been allowed to work with the head of the laborvi- 
tnry Neither did Baeyer often suggest subjects for the researches 
winch so many of the younger men were earning out for their 
dissertations for the I’h.l). degree. When the' time came to do' 
original work, these Voung researchers were Usually handed over to 
one of the many Privatdozentcn attached to the laboratory, and 
It was the duty of these senior men. who wa re often men of great 
experience, to suggest the theme fur investigation and to superintend 
7 * ork atK] M P to •'Hnp it to a satisfactory conclusion. This 
plan worked well, and gradually there rose up a great school of 
research which has randy if ever been equalled. It used to be said 
that, at one time, almost every Professor of Organic Chemistry of 
(,min T ( ‘ in (;< ‘ r,M «»y was a pupil of Pa ever, and it is e.piallv 
|^tam that the great majority of the leading figures in the Organic 

' tincaf Industry learnt their methods of research in the Munich 
laboratories. 


^ it was, however, the example Baeyer himself set whieh was the 
< rnmg f,, rw iUU i the mainspring of the great reputation which the 
itll{ 1 School enjoyed and still enjoys under his distinguished 
^ Ussoi, There was a feeling in the laboratory that no one was 
of > n ^ did not research, and. moreover, the position 

,^ lC 1 1 twareher and the esteem in which he was held depended 
at/'} 011 the quality of the work he was engaged in. This was the 
Wee M^ 0111 Induced tile greatest chemists of the day and 

ou * ^ osp who were of no account. It was only necessary 
I c commanding figure of Baeyer should *trulj through the 
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research laboratories each day and for biin to chat with l hr varinjc 
workers, criticise their results, and admire their preparations, t( 
niak(‘ it out of the question for anyone to forget for a moment tliai 
research was the only thing that really mattered. It is impossible 
not to be struck by the fact that this same attitude has, since the 
war, become increasingly evident in the laboratories in out 0 \vr 
country, and that research has now come to be looked upon as i; 
most important, if not the most important, part of the training am. 
education of every chemist. 

Buever married, in ISOS, Lida, daughter of Ceheimrat licmlcniaiii 
of Berlin, who died in Ifdo, and there were four children, adaughtci 
and three sons. 

The daughter, Kugenie, married Oscar Pilot v, who became 1 
extraordinary Prof. s>or of tlieinistry in Munieh and fell in the wai 
in p.llo ; of the two surviving sons, Hans (horn in 1*7. i) is Prnfessm 
,,f ( h thopa'die Surgery in Heidelberg aiul Otto (burn in lsTT) is 
I’rofi '^'i »’f l’hvsi> s in the Landwirtsi’haftii'-he Hoehsclnilp in 
Berlin. 
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When moleoidar amounts of the ubx>vo reagents an: heated 
together in benzene solution for twenty hours, a product is finally 
obtained which, after purification as described in the experimental 
jiart, forms bright brick-red crystals melting at 244-- 207' and 
analyses correctly for a substance of the formula C 31 If^OX 2 . It 
therefore have the structure indicated in formula (11a). 

00 to CO 

/ x / /\ / / / . 

(II«.) | II II J 0X60 | :| . Ilk.) 

c c C 

II 1 1 II 

cx 2 c% cx 

(X denotes C 6 H 4 *XMe 2 .) 

Us systematic name is accordingly eitlier A' A"dftmwtfajL 
dmmiuodlijhrvijlmf thyb -pnmlhroM , 4 r ; 4" - ktiwndhyldiaminodi- 
pArm/M) : 1 U-n nth raqu inomt ihutu. or 4' :4 "ddra/mtkyldiamino- 
anthrnfnrhsonr, ami it is probably identical with the " crystal! x 
rouges ! of Padova (loc. at. J. 

It is a derivative of the parent substance diphenylanthraquino- 
indhanc, C c H 4 <Spj^< ( Ii( h obtained by Padova {Com pi 

rind.. 1WU6, 143, 121) bv condensing benzuphenonc chloride with 
aitthrone, which is stated to be colourless though forming coloured 
solutions. 

The red substance (11#/ j is obviously formed from the correspond- 
ing carbinol (!) by loss <>f a molecule of water and will for this reason 
he termed the ** anhydru-basc. it is of special interest in that 
it completes the series of <piim.»noid bases of which the naphthalene 
and benzene analogues have already been made by Xoelting and 
Saas (JEff r., 1UI3. 46, and by S-hlcnk (Ammhn. 1909, 368. 

201) respectively, namely, tetramcthyldiaminonaphthafuehsone 
and tetramethvldiamiuofuehsxuie (formula 1 IP and lid. and its 
properties, though somewhat linexjKrtrd at lirst sight, will be found 
to agree generally with what might be expected for the extreme 
of such a series. 

The bright brick-n d crvstaN of the new “ anhydro-ba>e are 
only very sparingly soluble in most neutral solvents such as alcohol. 
h:t null lorne thane, toluene, and benzene, in wbieli they dissohi 
to deep brown so lutions. Attempts to prepare tlie phenylhydrazoiie 
v 'ci'e unsuccessful . The anliy tiro- base does not form a vat and 
remains unchanged even after heating for some time with alkaline 
hyposulphite solution. 

It dissolves readily in glacial acetic acid or in alcohol containing 
the calculated amount of hydrochloric acid, to giv# intense blue 



lo48 MASON : THE PREPARATION AND PROPERTIES OF 


solutions of the salts of a dye which may bo termed Anthiunol ]&„■ 
(compare the “ Naphthol Blue >J of Noeltinj? and Saas) which mu<t 
presumably have one of the following constitutions : 


NMeoX 

/“\ 

<lVa.) UC OH— t' or 

\ 

' N Me, 


/~~\ 

\_y 

JUM 1 1: 


XMe.Y 

/' “ 

\ / 

<' (tV6.) 

/~~\ 

Nil.*, 


For tvikM'Ds which will be referred to later it U heliew-ij 
formula (IV6). corresponding to the eimlie form of anllunnr 
(anthranol). is the more probable. 

'Hje table on p. emu pares some of the ehief proju-rfi-s of 

totramethyldiaminofurhsone (.1), ti t ratiiotliyltluuniio majdit hafueb- 
>one (/f), and tetrumethyldiaminnanthiAfuehsone {('). 

iVrhaps tin* chief distinction between ( !i ) and (f). apart fn an 
the actual colour of the salts, i> that the naphthufuehsoiie derivative 
is vcrv easily hvdrated to the ammonium base, for example, lhe 
s< »lnt ii.n in drv pvtidirm i- brownish -red. which homines h]w-- 
violet on adding water (e..nver>ely the Mm-violet solution of tho 
ammonium base becomes red on boiling for a few minute-!, w bilst 
the unthrafm b'one-ainmoiiium (or dmoniunn ba>e is .piiie unstable 
and loses water, even nti washing with e..ld alc.hn!. t<> itive back 
the anthrafui hsoiie base itself. 

In passing it may be noted that an examination «4 the naphtha- 

and anthra-fuehsone derivatives suggest - that the intense " niMentu 
rv<l '' al-obolie solution of tie- tetrumcthyldiamin..fuelis<>!)e nh tamed 

»,v Srhl-nk (/•«•- nl . , HI.I.V l»- r- .lily a - „f th. mr. 
imimium !«.-.• (f.»i inula V/.laii.l imt ..f tin- avlual fn. h-- i:- •!- matnr 

itself (i 

It i.s nf iht.-p -t al»> t-M'.illll«.in' (hr r..|'>lir 4 ill-' -al'-"' 

lilur with thin ,.f tin- aml'S’-us 

O) 

i H(C 4 ii 1 nm- . i,.iin 

i and t'U 


the former 

the action * 


; In-ell prepared by lllmami and Khu, ^ 

ra»piin*>nealdehyde mi dimcthyUmiuie ■» ' 
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46, 713) anil having a yellowish -grmi malachite -grmi shade, wImIm 
the latter (i'-letiamethyUliaininodiphenylanthrone) forms well- 
crystallised, colourless salts. 

The basic properties of the earbiuol base of Anthranol Blue arc, 
however, so remarkably weak that its salts are at once completely 
hydntlvsed by water. The sensitiveness of the blue sails to water 
niav be seen if a piece of filter-paper is soaked in an alcoholic solu- 
tion of the intensely blue hydrochloride and then a drop of water 
allowed to fall oil the dry paper. A black spot is immediately 
produced, due to the hydrolysis of the salt. 

The coloured hydrochloride may he obtained with some difficulty 
in a crystalline form by tnalinu the base with the calculated 
(plant it y of aleoholie hydrochloric acid and allowing the sohitiou 
to evapol-ate slowlv in a desieeator. I he itydroehluridc form., 
bronzed-purple lealicts which d. compose readily on exposure 
air If excess of hydrmhlol ie acid la- used, tile yellow dnritl 
ialt will he precipitated, which rapidly turns hlm li-yo eh in tin- air 
owim; to incipient hydrolysis. The same series of chances may 
he observe, f on passing a current of dry hvdroeen eldonde tutu a 
solution of the anhydro-ba-e in h.«t toluene 

\. mentioned above, the salts an immediately hydrolysed la 
water on ililulin^ the alcoholic solution of tlm hydmelileriik 
with water, the intensely blue solution la-comes first bluish-purplf. 
thett purplish -black, ami finally a black pneipitate separates, which 
is also formed whet the alcoholic or acetic acid solution i- pound 
into dilute alkali. When filtered off and pressed on a 

it f lir)11 . a ,!• ,-p black powder which, on h avitii' m a vtuin* 
desieeator. warmirn'ott a water-bath, or eve.t wad.iiw with told 
y- (R . r aleole i . i- illlMI, dblf lv reconvert, d iut, I till- M 

aithvdro base by i, - of a molecule of water 

Of the po-ibl- formula- f„r this purplish-black -tib-uno. » 

follow!, m (Vul appear- be the probable and »«»W 

for tin 1 tltrp pur]»li-"b-bl;ifk fui-mr : 


ikh: — r -f 


i V I 


iln 


X M 


XMo. 


thofff 1 ' 


This formula i-pr- sent. tie puipli.-li-bla, k -ub.-taiice a^ ^ 
ammonium or rather imonium ba-e c-rrc.pete ‘ . llW ,< 
'(IV), and thp view would .*roc with the ->»> - • 
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this five base with the base from tin* benzoic: c<ter described 
helow, which can only, have a formuja analogous to (Ya). 
Further it would agree with the observation of Xwltinff 
and Saas, who obtained the free coloured ammonium base from 
iu'xamethyltriaminodiphejiyinapljthylearbinol (loc. at.). 

It has not been found possible to purify the base for analysis 
owing to its instability. 

On account of the unexpectedly w. ably hade character of the dye 
base, the salts are obviously of no use as colouring matters. This 
lack of stability was thought to be due to the well-known tendency 
of the anthraquinone porti<m of the molecule to revert to the 
qmnunoid or koto-form. If, therefore, the enolie form could he 
" tixerl " by alkylation or esterifieatin/i it was thought that the 
products might be more liable and have useful tinctorial properties. 

If lias not been found po.^ihle to alkylate the base with anv 
of the usual alkylating agents such as ethyl bromide, benzyl chloride, 
met hy i sulphate, m lohune.'Ul phonic <>ter. although there are 
Mime indications of the formation of blue product-. 

Action of Jknzoyl ChloriA, on t)n Anhfhii bn.n , 

More delimit' results are obtain'd by the u-e ef deviating agents, 
in particular benzoyl chloride and its derivatives. On heating 
equal mnleeular amounts of the red auhydrn-base and benzovl 
chloride on the water-bath, the mass gradually Incomes an intense 
purple with a metallic lustre, and {lie product ejy.stalli-.es from hot 
water (in which it is slightly soluble to a deep blue solution) as a 
give nisi t-yel low, bruu/.td metallic-ir-uking powder. m. p. 10- — 194° 
(with decomposition). Tin* product, which U formed almost 
quantitatively. is clearly therefore the benzoic ester of ( 1 V6), 

hV 

JBz-c; AM'dVll.-NMe.dir.H'NMcrn (VI). It dissolves 

\( « h / ' ~ 

1 6 ° 4 

readily in alcohol to an intensely blue so!uu«’n which i< practically 
identical in shade with that of the hydrM-ii lurid: ■ derived from 
die anhydro-base, so that thn similarity in t«.vur is a strong 
argument for the “ enolie " formula (l\7d Migucsud for the salt. 

fhe substance crystallises from aqueous ndmion with one mole- 
tulc of water. The deep blue aqueous solution of the benzoic 
^ter chloride dyes silk, wool, and tannin-mordanted cot ton a bright 
greenish shade of blue, silk showing the must afiiniiy for the dye, 
piist tannined cotton has rather p<nr allinity. The dyeings 
Pmken, however, on prolonged boiling owing to gradual hulrolysis, 
Mt formation of the violet-black imonium ba-c {Ya). Additiofi 
I * x!mm carbonate (o tho blue elution changes n gradually io 
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purple, and violet -Mack Hocks arc precipitated, -the blue colour 
being restored by dilute acetic acid. Boiling the solution of the 
benzoic ester chloride with a trace of acid, or even prolonged stum], 
ing in the cold effects a gradual hydrolysis of the substance. 

Jr/ ion of Aalyl Chlori>{> . 

(hi treating a portion of the aniiydro-busc with acetyl chloiidr, 
a d<e|> bronzed blue mass is formed which gives a blue solution in 
alcohol. On pouring into water, however, it is at once decoiujjoMd 
to the purplish -black imonium base and hence is not the aeeiic 
ester chloride sought : this can, however, be obtained in good yield 
by heating the anhydro-base with pyridine and acetyl clilojji),. 
at SO — lOO* for eight to ton hours, and reorvstalUsing the product 
from hot water ; it forms brilliant, red, metallic leaflets which become 
purplish- blue on powdering and melt at lM(t -42 with decoin* 
position. 

This product must therefore be the chloride of the acetic ester, 

rjly 

( > A(-( ' ( ‘K \\\ pX Me.,M \\ l ;NMe.,l l; ( \ 11 ); this deduct k.u 

1< confirmed by the analytieal figures. 

The acetic ester chloride i* more readily soluble in water than 
tlie U*nzoate. but gives an idi-ntually coloured solution and d\v> 
.'ilk, wool, and tannin-mordanted cotton similar shades. J(> 
allinilv for .-ilk i-. ImWever, less than that of the benzoate, and the 
bath dot s not exhaust so well, but the atlinity for taimincd ootloii 
is rather belter. 


When 1 he a i J i y 1 1 : 1 1 
di'-dv* - to a d: • |- 1 
the liquid b-e<mms 
solution i- forna d. 
i-xtent. It lias ja* 

acetate of the .0 « ti 


t,r > f h J «*#/<> . I ?'/m/'/ r i</'\ 

, . | j. treated with acetic anhydride, it path 
...dm mo. After ,-tandmg f"r >«n\c day.-. 
d,rjt blue and on jm. tiring into water a btof 

da -wing that acetylation has occurred 1<» soul 1 ' 
however, hi eii found ]Hi»ibie to “buiifi di< 
',.i,r by this noaiis, a > lit.- greater part eftk 


aidivdro-ha.se * ry-uUbo out unchanged, wluVt a <k«r c - J 
d.eomjHv-itmn -htiio on prolonged beating- X.flnng aw ‘■‘_ 
showed that in the «.w of the analogous mphthufuclmw - 
acetic anhydride r. .ulily converted this base into the aa * 

the green acetyl dye. <w. c tvU^ r 

It may be mentioned that attempts to the • «. . . 

diV direc t condensation of Mulders ketone wit i * ‘ ^ 

in lueseiiee .^jdiosphonl ehl.ai.le gave negative re'Ult.-. 
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king a green syrup which contained much unchanged ketone and* 
with no sign of the characteristic blue dye. 

Behaviour idth Other Acid Chloride.*. 

The anhydro-hji.se reacts readily with p-nitrubenzoyl chloride 
and with toluene-;^ ulphonyl chloride, giving in each case purplish- 
black products with metallic reflex which dissolve in alcohol to 
the intensely blue solution < Jmracteiistic of Anthranol Blue and its 
ester salts. They arc, however, ev< n less soluble in water than 
the benzoate, the toluenesiilphonie derivative being completely 
insoluble, and hence they an; useless as colouring matters. 

Action of Amine*. 

When purifying the anhydro-base by dissolving the crude sub- 
stance in 75 per cent, alcohol with a slight excess of hydrochloric 
acid and then adding dilute ammonia, it is found that if ail excess 
of the latter be used the yield of the anhydro-ba<e recovered will 
he poor and the mother-liquor will have a purplish- or greenish- 
black colour. On distilling off the alcohol, a black residue is left 
which dissolves in acetic acid to the characteristic deep blue solu- 
tion and which, when heated with lu per cent, caustic soda solution, 
evolves ammonia. The product Inis not been obtained in a pure 
form, but it appears probable that it contains the i mi no-ammonium 
base in which the group X'O of formula (IVw) is replaced by X.’XH 
(X being hydroxyl). 

Attempts were made to prepare the analogue of crystal -violet 
in which the ~C*OH group of formula l\h) is replaced hv “C*X(CTk),>. 
On heating the anhydro-base with alcoholic dimethykmine lor 
some hours, however, most of the ha>e was recovered unchanged, 
whilst further heating led to deeompiMtioii. Jn this respect the 
behaviour of the anhydro-base is identical with that o* Xoelting 
and »Saas s naphlhafuehsone derivative (he. cit.. p. IHiJ). On heat- 
ing the anhydro-base with aniline, a blackish-brown product is 
obtained which is probably a derom posit ion product. 

Action of Sulphuric Add on (In- Anhi{dro-bii<e. 

With a view to determine whether soluble acid dyes could be 
obtained, the action of sulphuric acid lias been tried on the anhydro- 
base and also on the benzoic ester ehloride. 

In the former case, it is found that ordinary sulphuric acid lias 
little action even when heated. If, however, oleum is used, the 
initially brown solution becomes orange on warming on the water- 
bath, with an intense yellow fluorescence. As an odour of sulphur 
dioxide is noticeable < hiring the reaction, it is probable that an 
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oxidation occurs loading to the formation of a complex benzantlmmc 
derivative, which would explain the intense fluorescence m sulphuric 
acid solution which is characteristic of this class of substances : 

NMe, 


/~\ 


or 


I’^C- 


NMe, 

\ 

\ 

NMe 


21 1, so. 


/ 

V 

or 


~\ /“ 
_/ "V 

('.-C 


SOJf-; 211,0 

! -'-SO., 


N.Mc 


(VIII.) 

The acid M.dium salt of the resulting product gives a fuiriy ilccji 
iv<l solution on dissolution in water and addition of sodium acetate 
or alkali, but it is in no sense of the word a dye. 

Action of Sulphuric Acid on tfa ihnzoic E*Ur < nhrid , . 

'Hie action of sulphuric acid oil the benzoic ester chloride (formula 
VI) depends chiefly on the strength of the aei.l. 

(o) On treating a portion ed tin* substanee with an excess of 
rat imr im.re than lint per cent, sulphurie aeid and leaving fur a 
dav on pouring into brine a gtv» nUh-bltm precipitate- is obtained 
which dw<’!vv> in alcohol i.. the deep blue < hara.-tnistic uf 
\nlhian.»i Bum; mi a.Ming alkali m the cold solution, red needles 
;, f llu . mdivdro.base are at - formed, lmncr the greenish-blue 
preeipitate i> the aeid sulphate . f Anthranol Blue its. lf. the benzoyl 
yn.un having b.vii rn.no. ■«! by hydrolysis by the ae id. 

~ ,h, Prolong* d nvat n ut .4 the beu/a.ic ester chh-nde- with tnuiv 
cimeelit rated ■:! mu m d .id loeU M the fm TiuUMi of a dilM'-llt 


Mil''t.ui' e w ’ b a 
water wbi‘ '> an- <i 
lie id-nti-ai wdh 

anhydro-bi'e it-cf. 

to an orange -« rut i 
in If die 1 .. :i/> : 
t rated oleum, warn 
brim-, a given pr* * ipna 
of a sulplioide a* id « { 
,in iudie-A , *>r. a- D di- 


lt .1 . uts. di-oUing to eh'.'p reel -olutkub in 
,| 5- , | l,y dilute- a. etie a. id. It appear- M 
odplionate-d pr» duet ohtaimd fmm the- 
,,J > ill eolicentrati d uipliurie add 

with yllow fluorescence-. 

,r * r i hh.ridi* be treated with ovm c.imrn- 
. rIi! h and tin- , .redact |H,ur..l innda-and 

" -Uli 

.. I.,,,,,,,.- ,,t.i. It h:.> , ll ' ir:1, '"' r 

.lik.ili- t“ an iii!''"-' l v ' W , 


. ,i. . p er -i ni-lil'li". t-y *•“ fj 

s 

.ilk, I. ■:>. i ’ “ 1,1 lllv ,l: ' " * , ’- 1 "- 1 

,,.Uut.tt. .-iM | 'al.ir. l . a .,*..irin ! t u.all.-r. K . luw ,i 

«TliC K.l'iur ' lianp- L -..1 me-—' •' 


solution. whi> h i> turn 
is pra« d‘ a!i v tl» t * d* r i * * 
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,I , K ; dye, as it indicate, that the p-rplc-blue product ’ 

obtanted with alkalis is probably the soluble sulphonate of the 
imonium base, 

__ XMe,-OH 


_/ 


(IX.) ( W'(MM’ C - 4! 


SO,Xa s 


XMe, 


corresponding to the purplish-blue but insoluble bases obtained 
from An th ran ol Blue and from its benzoic ester, and the colour 
change, though pronounced, is hardly sufficient to support the 
view that the normal suits and the five base have different con- 
stitutions (compare Willstiitter, Bn.. 1908, 41, 1459). 

Attempts have been made to prepare the benzanthrone deriv- 
ativc from the anhydro-base by heating the substance with glycerol 
and aniline sulphate in sulphuric acid, but no definite product 
has been isolated so far beyond a black, amorphous product which, 
in concentrated sulphuric acid, gives a brownish-pink solution with 
a pronounced green fluorescence. 

The deep blue solution of Anthranol Blue in glacial acetic acid 
is decolorised by zinc dust after heating for some time on the water- 
bath, and on pouring into sodium carbonate solution a yellow pre- 
cipitate is formed which is presumably the normal Icuco-basc, but 
has not been further examined. 


K X V K K I M K x T A L . 

■1 .4 - / < IrunuUtifldia mi non nlhrojtifh''Oi\< {A)ihy<h'o-Ut*L. Formula 
H«). The best method for prepaiing this substance is us follows : 

Afichlcr s ketone (54 grams; 1 5 gram-mol.) was dissolved in 
l l| H benzene (100 c.e.), phosphoryl chloride (oil grams) run in. and 
the whole kept fur three hours. Keery>tallised anthrone (39 grams) 
in benzene (100 c.e.) was then added and the mixture healed under 
letiux on the water-bath for twenty hours. The upper layer of 
lot, grten benzenu* (containing some unchanged anthrone) was 
poured oil and the residual eake of dark green, friable product, 
loken up and dried in air. the \uight of crude product being about 
110 grams. Twenty grams of the powdered product were heated 
Water (20i) c.e.) to 90' to decompose any unchanged keto- 
c iloiitlo and dissne i«ito any acid salt of the base, which is only 
sparingly soluble in alcohol. The mass frothed up slowly and 
‘ccame purplish -black. Alcohol (400 c.e. of 95 per cent.) was then 
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added and the whole boiled and filtered and the liltrale treated 
with 17 e.c. of 25 per rent, caustic soda solution. The deep blue 
liquid chunked its colour to jiivi’iiisleliain n and deposited a fairly 
heavy reddish-brown precipitate of the anhydro-base, which was 
filtered off hot and washed with warm alcohol, pressed, and dried. 
Weight 10 grams. On this basis, the total yield was 55 grains 
(02 per tent, of theory). 

The anhydro-base may be purified by crystallisation from 70 per 
nut. aqueous pyridine or. better, by solution in about 2(J parts ( if 
7ii jvr rent, aleohol tontaining a slight excess of hydrochloric acid 
ami then adding the calculated amount of alkali (ammonia or 
eaustie soda) to the hot liquid, the pure anlmlm-base separating 
not in bright red needles, m. p. 2fil 205 . 

Attempts to improve the yield by adding phosplmryl chloride 
in the M.lntioii of Mi. hh-rV ketone and amhrom- during several 
hours gave only a 20 per cent, yield, much of the oxychloride being 
u-od ti[>, apparently, by the anthmiio (Found: C ^ JS1FS2; H 
VP7 : X IP r. ;1 H JfNj n -quires C SipSU; H -- (CIO; 
X , fi-;{2 tier n ni.b 


Acid ilwlrochfarid * . Five grams of the anhydro-base were sus- 
pended in hot toluene { H h > r e.) and dry hydrogen chloride was 
pa— * <1 in. The deep bniii:" precipitate lir-t formed became pale 
velluw with exe." of ;.rid and was tpii' kly filtered off and dried 
nver >ulphmir arid (Found ; Cl 15 o ( ^H^OX.^lK'l requires 
t 'l 13 7 jmt cent }. The Might !y ]n\v ligure is probably due to 
in- inient dreotnpodtion of the -,dt whibt weighing, as it immediately 
l.irgin.' to hydo k. •» tu i:i' >1 air. 

fotizoic lid' r * i \ 1 do a mixture of S'S grams uf the 

,iiib\dr. )-b i-»- and In e e « f b- n/.mr, a solution of bmiznyl chloride 
, in P, ii/., i,. ... , .»■ i w . *. - added. The mixture was healed 


, n lt v.iter-ba«h with o. - - A lining foi two hours, the product 
gradual! v booming a line pm pliMi-hronze. After cooling, the 
Tak.‘ W.o n ie.ard, ground. tnat<d with bmy.enc (H» e.c.) and 
benzoyl , blond- A e e. I. and again heated on the water- bath for 
tw„ three bourn. The weight of crude product was 11-8 ^aius 


(Iks lH-rn-nt. of theory). _ c 

The iN.wd.-r.-d product was purified by dissolving m ^ 0 
hot water and tillering; after standing for a day. the bmnxc-u* <J'b 
er v -f a!Hm* pr.-. ipitate w.u till* n il off and dried. (On one otcasK 

th- Mil, it inn ,)j.t 'll i"-it ' • noliim, b,,t set uj » ’ 

Mi.,- ji-llv ; „n n,. Mm * f- » .ln. |M of o", re, "rut J hj 

i-li l< irii' aid lin*. .!«• li.,«W *,^.,,1 

w.iv, I'-HWI^ III, -ilinost ri'l'iiirii-.'S ""il I k r-lnju<*r ) 

i.’r Im i..n i f t!ii- •t.nlu illN liy.lmlyM-s mi sUml.n.u 
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more rapidly on boiling (Found: 0 — 75*05, 75*74* H r *8“ ' 
;V6G; N = 4*l8; Cl — 5*60. OjgHjgOjXjpbHjO requires C 
75*7 i H — 5*82 ; N — 4*fi4 ; Cl = 5*88 per cent.). 

Acetic Ester Chloride (VII). — To 4*4 grams of the anhydro-base, 
moistened with benzene (5 c.e.), pyridine (2 e.c.) was added and 
then a solution of acetyl chloride (1 e.c.) in benzene (5 c.c.). The 
mixture was stirred on the water-bath until nearly dry. A further 
quantity of benzene, pyridine, and acetyl chloride was added and 
the stirring and heating continued for eight to ten hours until the 
product was a purple-red, crumbly mass, which weighed 5*5 grams 
(practically theoretical). After powdering, it was recrystallised 
from hot water, in which it is somewhat more soluble than the 
benzoyl chloride derivative. It dissolves carily in alcohol, and 
melts and decomposes at 240—242 (Found: C - 74*38, 75*47* 

H = 5*1)3, 5*88; Cl -0*79; X - 4 98. C M If ai U 2 X,Cl requires 
0 = 75*75; H — 5*94 ; Cl = (>*7S ; X — 5*30 per cent.), 

P ‘Xilrobcnzoyl EsU r Chloride and Toluenc-p-sulphonyl Ester 
Udoride*- ■ -These products are formed readily by merely mixing 
together the calculated quantities of the anhydro-base and the 
acid chloride with a few c.e. of benzene, evapomting oil the knze no, 
and keeping the mass molten for five to ten minutes. The p-nitro- 
benzoyl chloride derivative can be crystallised with difficulty from a 
large volume of water, and melts at 18(3 — lSy with decomposition. 

The toluene-p-sulpkonyl derivative has not been obtained in a 
pure form. Both derivatives are easily soluble in alcohol to the 
characteristic deep blue solution of Anthranol Blue and its deriv- 
atives. 

Sulphonation of the Anhydro-base. — 2*2 Grams of the anhydro- 
base were dissolved in 20 per cent, oleum (10 e.c.) to a green solution, 
which was then heated on the water-bath fur a quarter of an hour 
until it was a clear brown with an intense yellow fluorescence, 
flic liquid was poured on tu a small amount of ice and saturated 
brine, and then saturated sodium carbonate added until the colour 
change from bluish-purple to purplish-red was complete. After 
standing, the bluish-red, metallic-looking precipitate w*as filtered 
°ff* It dissolves in water to a deep red solution which is decolorised 
by acids. It probably has the composition indicated by formula 
VUI. 


Ihe almost colourless acid salt was obtained by pouring the acid 
solution into brine and filtering oil the envtalline precipitate of the 
sodium salt. 

debou of Sulphuric Acid upon the BncoiC hsUr Chloride. As 
a beady noted, sulphuric acid and ohuin mav act in one of three 
ways : 
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(а) Hydrolysis of the benzoyl yroup. - 2 Grams of the lunzoit- 
ester chloride* were added to an ice-cold mixture of % pci* 
sulphuric acid (10 e.e.) and 20 per cent: oleum (2 e.e.), the brown 
solution was kept for a day and was then poured into saturated 
brine. A given precipitate was formed which was easily recogui^i 
as the acid sulphate of Anthrniiul Him- itself, as it gave a dr < j> h] m , 
solution in alcohol and on adding alcoholic potash in the enld r(lf j 
needles of the anhydru-hase were at once formed. The lK-nznvi 
group was tluivfore hydrolysed, bill no sulphonation hud 1,^ 
effected. 

(б) Hydrolysis and suljdioiuttion. 2 - 2 Crams of the Im iiziijf i>i lT 
chloride were added to an iee-eold mixture of IMi per cent. > nlphuric 
acid (2 e.e ) and 2n per cent, oleum (10 e.e.), the product w arming 
slightly. After standing two days, the mixture was poured into 
a large exeess of iee-eold saturated sodium carbonate solution, 
the deep l>luish-\ inlet coloration lirst given changing to dark rc-d 
After .-'tauding a day, the purplish-red, mieroery>tallin(* jut t-i])itate 
was tillered olT ; it ap|n-ared to be identical in all nsjMcts u it h the 
direct sulphonation product of the anhydro-ba.se. 

[r) Sulph>>nntnn\ . Koiir grams of the bcur.oic eM< r chloride were 
added cautiously to an iee-eold mixture <4 t«» jsr rent, sulphuric 
add {-’ii e.e.) and l’n jn r cent. oleum (4 e.e.). After standing one 
hour, a further 2i> e.e. of 2«> pi r rent, oleum was added, the tern- 
peratun* being allowed to i i- •* to about •>«' . The dark great 
solution w n.s tln ri poured at oner into .«aturat< d brine, and the pale 


blue-greoii precipitate tiltei* d "if, wa>n**d with hrine. the 
ghu lal aeetie and, pressed, ami dried The product was 
in aj>j« arafici to the u< id sulphate of Anthiau'd l»iu»*. It 
quite ditferenr j.n.periie*. as il ds-»o!\<-d in wat. r t<> a dev 


.solution whi’di l>» » tine ptirpi< on .uMing alkali, mi! me 
reiiMim d * !• u . prw ij.it. »te b»*iiiL # fonr.wi I h«* jusrjdo s< 
W.C' (jtlite s!.ihl» . 1 ? ten!:: tell! | xt I ,“.t 111*' for v,, \eial da\s 
alcoholic - * ■•inf i' ■! '< of the idiie.gr.-m -all bn. -tine jmrpl'* *■« , 
alkali without in> f« ! math n of pr« eipilat** ; h< ■n.r the 1» 
groifj* had tie,* i»eii split oil". Jim bluish-green siih't.iTi'. '■ is 

fore the field -ulpll-lle of 5 *ulplloltl<‘ a* id of the Wl\M' 


a ik.iii, but tin 


W.I.S quite s * . I b 

alcoholic -. lull 
alkali without 


chloride of f. ■rn.ui.i l.\ 
K \{- r i ? . = » s ’ on the 
fh ri\ .itr.e « i Ambium-l 
.I. s. tp., 4 under <■ . bm 


.t|i|.|l< Tl-.t I- -t. ..{ .!„• t„l.l. IH-f -Miil’M 

l’due g i\e similar wdmir n .0 tii iis. 10 those 
tli.- iii\.-.-li>Ntti"i! »•- |,urM»-l funb* 


> »#//: rt utry 

1 1 ) Slii hh r s k- tone . Sii- rid- . ..iidn.M-> « 

a* -ub tin.e, r>,H,,ON. u huh apj*ar> to l 


„l, -.nthr-n, l„ fc’™ 1 

M . t . .4 -tt traiuetliU- 
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dmininodiplionjrl-9 : 10-aiithraquinwiM-ihi,,),. „r 4,,,,] . ’ 

tetramethyldiaroiiioanthrafuehsoiic, ;l bright brick-red in- ' 
substance melting at 2fl4-’-263°. ’ ^talluic 

(2) The above substance (called , he anbydm-bw*.) fonns intend 
blue salts of a dye, lormcd Antlmin.,1 Blue, which fm . ' 

the hypothetical eno.ic f ( „n, of the by -doited ca^i l ^ t 
salts arc mime. Lately hydrolysed by water ,0 fo nn im un ’ ta J 
\ Kilet-blaek lntoniuni base, which loses water readily and » ecorn 

verted into the anhydro-base. 

(IS) Treatment with aeylating :e,.,n, such as bcnzovl chloride 
or pyridine-acetyl ehlonde leads to the formation of the chloride of 
the aevl ester corresponding to the hypothetical enolic base These 
substances are sparingly soluble in water, but arc sufficiently stable 
to give tine blue shades on wool, silk, and mordanted cottom which 
are not, however, fast to boiling. 

(4) Fuming sulphuric add acts upon the at.hvdm.base to give a 
v ery soluble pmduet, wltH, forms red salts, but U devoid of tinctorial 
properties ; it is probably a tetramethyldiaminojihcnvlbenzanthronc. 
su I phonic acid. 

(d) Fuming .sulphuric add may act upon the benzoic ester 
ehlonde m two ways, either by hydrolysing the benzovl group 
\uth or without subsequent sulphoimiion. or it mav effect simple 
sulphonat ton of the benzoic ester to give a product forming a deep 
blue salt having the character of an acid dvc. but which is turned 
violet by alkalis. 


The author's thanks are due to Professor \V. H. Perkin, FK 
for valuable suggestions and for the interest lie has taken in the 
'\oi \ and to the British Dyestuffs Corporation. Ltd., for permission 
to publish the results. Tile verv accurate analvscs were carried 
out by Mr. F. Hall. 

JJvsox 1 'krrins Labokaturv, 

0xi,,ju1 ’- [JUnlvol April 17/A, 1923.] 


* LXX] Dyes Deri red from Phamnthraquinone . 

Part III. Ph ( )\ a n ih ri m in a zolcs. 

By Axukul Chandra Sircar and Oofal Chandra Sircar. 

and Willock (T., 1880. 37. 001 ; 1881.39. 227) and Japp and 
> leatfeild (T. t 1882, 41, 140) have shown that phenanthraquinonr 
condenses with beiKsaldehyde in presence of ammonia to form an 
oxazole derivative, but with hydroxy-aldehydes under similar 
conditions, im in azoles are obtained. 
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The hydroxyphenylphenanthriminazolex are colourless. In v j nj . 
of tlie fact that heterocyclic rings containing two nitrogen atone 
are generally ehromophorie (ft*r example, the eurhui lines and 
sa fra nines), it was thought that this property of the live-mcinbend 
ring in plirnvlplu nanthriminazoie might he developed hv suhMi- 
tuting suitable groups in the phenanthrene and the benzene nuclei 
and that the iminazoles thus olitained might possess tinctorial 
properties. Some dyes * if tin 1 brnziminazole series are a I read v 
known (Lclhnann and Haih r, />*/., 1KU3. 26, 2T GO) . 

With that objret in view, tin* work of dapp ami his collaborators 
{h*\ cit.) has been extended, and it lias been found that, like the 
hydroxy-aldehydi*'-, aroinatie nitro-aldelivdes and hronmhydroxv. 
aldehydes eoiidr-n>e with phmanthra4|iiinone and its .substitute! 
derivators, in ptw-nee of amiiimia, to form pheiianthriimnazole.v 
llerivat i> es *.f L’-phrnylphrnunthriniinazoic have been prcjiarid 
containing sulotitmnts in the following positions: 'X-nitro-: 
7 : 'll ? }*di hm -w'/f’o* ; ■ > : 1 ^-dOtnniut-X -nitru- \ .t'hfomO'X-iltifO’'. 
n>tr>f - 5 ; l n>‘ />o- . . > 7 ^-diomuio- ; X -iittroXi-nunno-: 




<rlr>i 


ii itrti 


‘.l -ultra 

hrtjtun-V -*> ».tra- . 

n.nh \ ami 5 : ■*» 

The lntr-nlm tjnsi of auxorhiomie groups in tl 
not an <>tnp mu <1 hv a dee|H-ning of the roloiir 


\H-dihydrujy - : 7 : sf ! ) -<1 - 

nbo-1 -hydras >/■ ; .V ; 7 : *( ^drlhrnu.u.t' duflr- 

V 'if. tmtirown- V -hydros y-. 

ln nzrii<- ring e 

The iminaznlis 

obtain'd fnan plnn inthr.inuiu'in*' itself are either colourless r-r 
pale yellow, uhsht thoM- oht lined from hydroxy- and aimii"- 
phenanthraijuinom*'' all h.i\o w«dhd« \ rlojud tinetoriai properties. 
Tlii- [>ri-M-i!ir < f .iiahno-groiijis ha-' tin* rttn-t of deepening the 

r dour of -<.*t!** - 1 ‘ r i • ■ - ( ,f d\<- <>»r< ar and lRitt. T., 11*--, 121, HdT 
Kng. l*at. '.Kill of 11115 . te s. It has now Ixni fmiml that a nilino- 

gn.ups nil he e.taK introduced in the phenantllriininazole *’nw 

|,v l Ismain m,th,4 lf«*I . 34. *JI7th the foNoivini? anilinf- 

L 1 jdi- nylplu naiithrimina/oji s having hvm prepared fn ia da 
< .*rr*o,}M aiding hrnmn-lhphrnvlph* isanthi imina/oles in that u 
X-intral . S( ‘)di*tf<iluni- ; 5 -mtrn-d : Ui-dinnilino - ; 

u/jihao- , Y-hitn *- 7 ' r <lt>iniluna ;4 -tinihno-'l -hydro.! y- ,<> 

Irianilinn-'l’ ■ hydros y- . and T : 5 ' : 7 : *( *. )-t*irii-<inilinoi dnj ( r0 ' «/ 

*The eolmir devrlojH-d on the fibre by these aiiiiinophcnylpht * 
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an tli ri mi nazole.H in mark wily influenced 1>y Hie position of the 
unilino-group- Situated in the benzene nucleus* it produces 
shades ranging up to violet only, but its introduction into the 
phenanthrcne nucleus causes an appreciable deepening of the 
colour on the fibre; in this respect, the phenanthriminazoles 
resemble tlic phenanthranaphthazincs (.Sircar and Dutt, loc, cit.). 
The simultaneous introduction of anilino-groups into both nuclei 
produces better results, shades ranging even up to bluish-black 
being obtainable. 

The phenanthriminazoles are .-table substances of high melting 
point-, and give characteristic colorations in concentrated sulphuric 
acid solution. They are remarkably insoluble in the ordinary 
solvents ; most of them can, however, be crystallised from pyridine. 

Although almost insoluble in water, the phenanthriminazoles 
when freshly precipitated from concentrated sulphuric acid solution 
are fairly well adapted for dyeing on wool: in several eases, 
it was found advantageous to use chrome-mordanted wool. 

E X P K R I M K V TAL. 

Japp's method (loc. cit.) for the preparation of phenanthriminazoles 
is not quite suitable when dealing with small quantities of material 
The best result in those circumstances was obtained by the following 
method : The quinone and the aldehyde were dissolved in a minimum 
of hot amyl alcohol and a current of dry ammonia was rapidly 
passed through the well-stirred solution: the condensation product 
separated on cooling. In some cases, it was found advantageous to 
heat the mixture of the quinone, aldehyde, and strong ammonia 
under pressure at 140 -180 for three to four hours. 

These methods will be referred to in the sequel as the "alcohol 
method " and the “ autoclave method," respectively, 

W-Xitro-'l- phenyl jitu mmthrimi nazah .--The yellow, crystalline 
iWks obtained bv gradually cooling a solution of plienanthra- 
'piiuone (2 grams) and ///-niln»bonzaldcliyde (2 grams) in lfiO c.c. 
<4 boiling amyl alcohol after a current of dry ammonia had Ecu 
passed for a few minutes, separated from pyridine in yellow needles 
melting at 240 s with decomposition (Found : X — 12*01. t' , 2l Hi 3 0 2 X 3 
requires X — 12*tl8 per cent.). 

' : 8( tyDibromo-ll'- n itro-'2-pht nijlphcna nthrim i no zoic, prepared 
111 the same way as the preceding compound from dibromophen- 
anthraquinone (1*8 grams) [D.K. I\ 22220b] and m-nitrohenzalde- 
hyde (2 grams), crystallised from acetone in clusters of yellow, 
prismatic needles, not melting below 2$5"\ It is sparingly soluble 
1,1 acetic acid or alcohol, insoluble in chloroform, water, or benzene, 
ail d readily soluble in pyridine, aniline, or nitrobenzene. Mith 
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concentrated sulphuric acid, it gives a. characteristic grass -gj c * ( . n 
coloration (bound : Hr 5- 07. (V,H n 0 2 X a Br 2 require 
Br 52-19 jK'r cent.). 

5 : prepared j (i 

the same way as the last compound from 2 : 7-dihromophenanth,a- 
quinonc, separated from pyridine in yellow needles, not Jiudiiui; 
below 299 . It is insoluble in acetone, alcohol, elilorofurm, „ r 
water, and soluble in aniline or nitrolR-nzoiie. It gives a botth- 
given coloration with snlphurie a» id and dyes a yclUtwish-bvuwn 
shade on wool (l omul : Ur dl’TS. < . I;1 H ijU-.N -Ui., roquirt^ 
Hr 3219 per eent.l. 

injl^b lumthrimimr.olt , obtained f lntu 
2 *hnmtoj>henanthra(|uinone (ho grams) and /«-iiitn»hen/.uIiieliydr 
(1*2 grams), crv>taUised from pyridine in yellow needles, molting 
at 2S0 with decomposition after shrinking at 27(1 . It is insoluble 
in all the common organic solvents, anti gives a greenish -yellow 

coloration with sulplmrie arid iKound : Br is ss. < ' ul H l «O a N 3 Br 
requires Hr 19' 11 p.-r rent .}. 

3-.Vibo-o : [o ■(: ».oo i <>.2 p.*e nvfpA* mtnihritnuurjtlt . Urn- grain of 
2 : 7-duwmnophcnamh: aqiiimnc ami H'S gram of ta -nit robe imlde- 
hvde were di.->«»l\i-d m 2«*> e e. of boiling amyl alcohol and the 


solution, after being cool 
with dry ammonia. Ti-n « 
separated ».»•' ei v^tahe 
not melting br^-w 2 ** 
organic 'oh ent - uni g. 
acid. It dyed ; • • i * 1 - 
mordanted v.i «>! .\. br* • 
requires N I* ■*, * < : 

Tin* -line * -top* no 

(1 gram >*f diinnmi 

29 or. uf str* mg umm 
obtained aft«T filtration wa 
X Is 39 jmt t ent ) 

3 -.Yt/ro 7 ; nrd/iA* umtbr umwr.nl ' . prepared 

grain n i/i-nitrobenzahiehyai 
■ .cl bv the autoclave method 


I in a fne/.ing mixture, was saturated 
days later, tin* brown precipitate that had 
l from pyridine and obtained as a powder. 

It w.i' thsclnblc in a!! the conuuoii 
. i>i« i\\ ni-li -nd ci !* (ration with sulphuric 
it*-* 1 w •>«*! m terra-cutta shade- ami eh mine- 

-h-ides tK.msd : X Is 27. (hdUhX, 


pn paled by tile Ui:tovl,i\c UUtllo! 
; i»- , 1 gram *-{ m-nitroU-nzaldcliydv. 
temjK-ntture Isn ). I he black nia?* 
ervstailised from pyridine (bound: 


ian»! 
; amirnmi. 

urs.it I To 

: ;r ' . not h! 

.f the prci * 


il 

! (29 i..,,- 

Jmi ), was obtained as a crystalliw' 
■It , Mil below 290 . Ail its pre}>eH^ 
■ding compound {Found : N - m: 

iroduet 


4 : .Vdiaminophi nanthra 
1 1 gram), and string an 
(thn*e and a half h 
powder (fr*>m pyre 
arc Mitrlar to tin— ■ 

(K»rc#*nt ). ,. , 

$ .Silru-Z.'in.i*' ■:.i,h. „u!l'h’««Mruinnn:»l' !»<• 

fr< -m J-»nim..|*.-n»ni’nro<|«iinfm- (I tram). 1,1 

ahl.hv.l. «)!» ,.hI l*""" 1 ' 
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method; 140—150° for four hours), separated from pyridine as a’ 
light brown, crystalline powder melting above 283'. ft gave a 
blood-red coloration with sulphuric acid and dyed chrome-mordanted 
and unmordanted wool in brown .shades (Found: 0-71*69; 
H ^ 3-85 ; N — 15 07. O gl H I4 0 4 X 4 requires C -7M9; 
H 3*95; X ~ 15-82 percent.). 

'X-Silro-l : 8-tf/A \jdro.ayl -ph kn ylpktnu n thfl m uac.ok .-~ The product 
obtained from 4 : 5-dihydroxvphenanthiatjuinone, the aldehyde, 
and ammonia by the autoclave method (100‘ for four hours) was 
purified by dissolution in sodium hydroxide solution and precipit- 
ation with dilute hydrochloric acid. It was insoluble in almost all 
organic solvents and did not melt below 29ir. Whilst not absorbed 
bv unmordanted wool, it dyes chrome-mordanted wool in buff- 
coloured shades. 

: 1 0 -</ t/i yd rosy - 2 - ph *-■ n tjl ph <nant h a m < n azoh was prepared 
from the 2 : 7-dihydroxy-quinone in a similar way and resembles 
the preceding compound in its properties. It gives deep brown 
shades on chrome-mordanted wool. 

7 ; S( { )-])i bromo- 4 ' - n Uro- *2 -y do u /// ph <■ nu n ( h rt m i nazal* . — The preci- 
pitate obtained by the alcohol method (l *8 grams of dibromophen- 
anthraquinonc [D.R.-IV 222200 J. 2 grams of p-nitrobenzaldehyde. 
160 c.c. of amyl alcohol) crystallised from pyridine in clusters of 
yellow needles melting at 252 (deeomp.). It was slightly soluble in 
acetone, acetic acid, or alcohol, insoluble in chloroform, benzene, 
or water, and readilv soluble in nitrobenzene, aniline, or pyridine. 
It dyes wool in yellow -shades (Found : Hr 32*'l. ( ., 1 H 11 () 2 X 3 B r 2 
requires Hr 32*19 per cent. t. 

iy -Brottto^S hpl ph* . The crystalline 

mass obtained by the alcohol metlmd <2 grains of phenanthra- 
quinone, 2’2 grams id 5-bnnnosalicvlaIdehyde. l**0 c.c. of amyl 
alcohol) separated from acetone in white needles melting at 26< . 
It w as sparingly soluble in alcohol or acitie acid, insoluble in chloro- 
form, benzene, or water, ami gave a blue coloration with sulphuric 
acid (Found: Br 20*29. r :i H 13 ()X,Hr requires Br *= 20'57 
percent.). 

«V : 7 ; S( \yTr\bromo-X -hy'lroxy-'l-ph>. nylph* turnthronina^oh, pre- 
pared ’in a similar wav to the preceding compound from dibroino- 
phenanthraquinone [I).R.-I\ 222206] (2 grams) and a-bromo- 
salieylaldehyde, separated from pyridine in straw -white needles, 
not melting below 285 \ It gave with sulphuric acid a bluish-green 
coloration (Found : Br 43*71. (',,11 n < } XjHr 3 requires Br - 43*8 
percent.). . . 

3' : 5' : 7 : S( >)-Tftrahronw-*'-h!«ho^ 

obtained from 3 : 5 -dibromo- 4 -liydi*c^yU'nzaldehyde and the 
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dibromo-quinono of 222206 in a similar way to the last 

compound, crystallised from pyridine in white needles, melting at 
275° (decomp,) after shrinking at 207°. ’ It dissolves in sulphuric 
acid with a green colour (Found ; Br - 50 83. C 21 H 10 ON Br 
requires Br = 51*12 per cent.). 2 4 

S'-Xitro-l : S-dUinilino-'l’phiHijlphinattlhritniMizole.- -The product 
obtained by boiling 1 gram of the corresponding dibromo-iminazok* 
( vide supra) under retlux for two to three hours with 10 grams of 
aniline and 0 2 — 0*3 gram of copper powder (UHraaun, he c it,) \ Vas 
tiltered hot into dilute hydrochloric acid. The green precipitate 
was puritied by washing, digestion with concentrated sulphuric 
acid, and precipitation with water; it was tinaltv boiled with 
dilute hydrochloric acid. The substance is only slightly soluble m 
pyridine or aniline, and insoluble in other solvents. It docs not 
melt at 2$,V\ gives a characteristic green coloration with sulphuric 
acid, and dyes chrome-mordanted wool in brow nish -green shades 
and unmurdanted wool in grass,-green shades (Found : X a 13 
C. w H 23 U 2 Xj requires N 13*43 per cent ). 

3 *A itro-o ; 10-rfunn7»rin.2-pfo nylfifu-nanthritnimiztAe was prepared 
in the same way as the preceding compound from the 2 : 7-dibromo- 
iminazole described above. The dark green, tlocculent mass 
obtained was dried, dissolved in b< tiling pyridine, precipitated bv 
hot water, and finally boiled with dilute hydrochloric acid. Unlike 
the other ani!ino*iinina/.oles descrihc<l in this paper, it does not unit 
below 2lhr\ It gives an nliw-gn-eu coloration with sulphuric 
acid and dyes wool in 1* af-green shades and chronte-ninrriuuted wen] 
in olive-green shade- il'ouml. N 13*01. mpiin.- 

X 13 43 pel cent ■ 

3 was prepared from 
the 2-hrom“-tiiiina/."le i rub supru > and purilieil in a similar way to the 
providing t ianjHiUnd It wn> obtained as a bluish. given powder 
giving a dark -green e<d«» ration with sulphuric acid and dyeing 
* hroine-mordanted or unmoirianted woo) in ash -coloured shades 
iFoutid; N 12 6. < :r ll } JKX 4 requires X 13*33 per cent.). 

4 - AifpeT : *1 ' } aYn't/o o 2-p/r f u v/pficieoit hrimtnuLob , obtained 
by subjeeting the e ( •nv.-qwmding dibroino-iminazole to Fllmanns 
reaetiim, was dissolved in cold concentrated sulphdric acid, precipi- 
tated with water, and finally boiled with dilute hydrochloric acid. 

It gives a reddidt-giv.-n . »>{< •ration with sulphuric aeid ami dyes wool 
in bather-brown -hades and ehrnme-niordanted wool in yellowish' 
brown shades { Found : X - 12 V < If requires X ~ Idlo 
[Wt rent.). 

5'-. I nilinn S .htylrnj y-2 ph nyljih* nrinthr i m i h « :< . prepared fro® 
the eorre jmiidpig iinina/« *!•-, separates from pyridine in l»Iui>h 
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violet needles. It dissolves in sulphuric acid with a dark green 
colour, changing to maroon, and dyes mordanted and unmordanted 
wool in maroon shades (Found : N = 9*96. C 27 H ]9 ON 3 requires 
X - 10*47 per cent.). 

5' : 7 : 8( '0 - TrianUino - 2' - hydroxy - 2 - phcnylphtmntkrirnimzok, 
prepared from the corresponding bromo- compound, gives a dark 
green coloration with sulphuric acid and dyes wool in chocolate 
shades and chrome-mordanted wool in maroon shades (Found : 
X = 11*88. requires N — 12 00 per cent.). 

3 ' : 5' : 7 : 8{ , i)-Tdra-aniUnoA'-hydroxy-2^phenylphem7ithrmiTi- 
azole , prepared in the usual way from the corresponding bromo- 
compound, dyes unmordanted wool in bluish-black shades and 
chrome -mordanted wool in bluish-green shades. It develops a 
bluish-green coloration in sulphuric acid. 

The Umvkhsity, D.v oa, 

Bengal, India. [Received, March 12 th, 1923.] 


(XXXV.- The Protective Action of Potassium Oleate 
on Cold Sols in Water- Alcohol Mixtures, 

By Ekic Keightlky Hi deal and Louis Leighton Bircumshaw. 

Iredale (T., 1921, 119, 625), in investigating the protective action 
of soaps on gold solutions, showed that soaps, even in very dilute 
aqueous solutions, exerted a protective action on gold, whilst in 
alcohol no such protective action was to be observed. In con- 
sequence, it was argued that the hypothesis of McBain postulating 
a transition in the equilibrium 

colloid micelle 

ii :i 

crystalloid "" ions. 

in favour of the crvstalloidal state- on pwgivssive dilution could not 
be accepted. In addition, he jtointod out that the protect i\ e action 
of the colloidal soap might be outweighed by the coagulating 
action of the kations. although part of the experimental data is not 
beyond critic ism in that the dispersity uf a gold solution prepared 
from auric chloride varies greatly with the pn of the solution m 
which it is formed, and for the uniformity of which no precautions 
were taken. 

Owing to the fact that the surface tension of water is lowered 
by the addition of very small quantities of soap, it follov^ 
Gibbs's equation that the surface concentration exceeds that in 
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the balk; consequently, the soap concentration at, the gold- water 
interface may ‘be sufficiently high to effect protection, although the 
circumambient solution is relatively dilute, rmhmbtedly as 
Iredale has shown, the protective action is not exerted by the snaps 
in the molecular state, but by both the neutral and acid soaps 
(shown to be present, especially in dilute solution, by MeBain) 
either in the colloid or the micelle form. 

Although an experimental method for determining the (>on> 
ccntration of the soap at the gold liquid interface for various 
dilutions has not yet been elaborated, a comparison with the dah 
derived from a study of surface tension measurements at the air- 
liquid interface should give an indication as to the magnitude ( ,f 
this change. It has recently !>een shown by one of us (this vol.. p 
PI), in a study of the density, viscosity, and surface tension <,f 
solutions of potassium oleate in water, in alcohol, ami in mixtures 
of these, that dilution with alcohol is a convenient method ft fl- 
uttering the relative concentrations of tin- various forms in which 
the soap can exist in solution. f*>r the colloidal aggregate appears to 
break down in three distinct stages, extending over the ranges 
li- l.'i, Id -to, and I.V i « h » per cent, of alcohol by volume. It 
apjHuirs w ry probable that the colloidal aggregate has disappeared 
Completely at a concentration » { on per wait, of alcohol. 

It was considered of interest to investigate the protective action 
of potassium oh-ate on gold solutions in alcohol water mixtures and 
to determine how far an alteration in the dispersity occurred when 
tlie alcohol concent rati'-n wa* varied over the ranges indicated 
alun *■ 

K \ i- »: u i m i: s T \ l. 

Mu t> ri'd*. Tl„. pi:t.i--iiim . hate was prepared in a similar manner 
to that toed in the po-vi.-io work (for. nt.). 

The gold ehh*ride oiiution contained <> grams per litre of tlie 
hvdrated iblor.*-uuie acid oi accordance with, the directions of 
Zsigmondy r Koljuid'h* -mie. p. l”>n). 

The general method of pro. •* dun* was as follows : lo Id e.c. uf the 
soap sob it ||>!1 ill-p'-l'sed, itl the aleohn! water mixtuie, ud,> e.c. nf the 
gold eldorrde soiut ;■ -o u d M-;t e.c. of a uds.Yoolution of pure 
I«it . ».v A- .1 .l.i.-mv: ajs-m'. Mk 

<ii — • -0 >->i m i lh'T. mill livlri'Xytiiiniiii- "(iv i-mjil' iy«i 
F„r (..r'ni'T, iij:> ..f a -.iturair.1 ..f t .liospfion« in 

ether diluted iwchty-tivr times, and for the Utter "j J 

l {*-r rent, aipieoijs solution was found to give wiifonu HMib- 
Reduction in all - wes w.w rarri.il out at mom tcriqvratun'. « 
fi^l colour m the ease of reduction with phosphorus was J 
mdv aft. t twenty four hour-. whilst hvdroxylamim tlhif' 
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tiuii much mor$ rapidly. In all ease*, twice distilled water and' 
carefully steamed boiling tubes were employed. 

Although the colour of tfte light transmitted through gold solutions 
varies, not only with the size, but also with the >lui]>e (Steubing, 
Ann. Physique* 1908, 26, 329; Garnett, Phil. Trans., 1904, [A], 
203, 385), yet in general the solutions transmitting red light consist 
of liner particles than blue sols (Lanyea. SitzungnUr. Akad. 11 Ass, 
]Yien, 1909, 118, 807) and, in consequence, the colour change for 
solutions prepared under identically the same condition? may be 
accepted as a criterion of their diversity, in a preliminary inves- 
tigation, the following results were obtained : 
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Thus between 2d and 3n per cent, of alcohol by volume a rapid 
change in the ilispersitv of the gold solution occurs, whilst between 
ad and 60 per cent, of alcohol the pota»ium olcate loses all its 
protective properties. In addition, a slight break in the regular 
series was to l>e noted within the range v. per cent. 

A more detailed examination ol the range u — Id per cent, of alcohol 
and 2U — 30 per cent, of alcohol revealed the fact that the colour 
became markedly more intense between 3 and 4 per cent, of alcohol 
by volume, which increase continued up to in per cent, of alcohol, 
after which the colour increase in solution became less marked until 
a relatively sharp break in the colour change, red to rcddish-pui p;e. 
took place within the concentration range 2d- -8 per cent, of 
alcohol. 

The data on the surface tension of the .-elutions indicate that the 
surface tension* of the olcate solution and mixed solvent is 
identical at 50 per cent, of alcohol, continuing the fact that in 
mixed solvents, as it has been shown for single solvents, the surface 
tension depressant is the protective agent. 

On dilution of the solution.- prepared in tlu> manner, it was 
found possible to. make a somewhat approximate comparison 
between them bv means of a simple tintometer. As >t a miaul, an 
unprotected rod-gold solution was prepared aeeordiim to Zsigmondy s 
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method, and the red colour of the solution* prepared >vith the uk-olml- 
water mixture's was matched against this. As the solutions in. 
creased in grain size, the matching of the red colour, even in extreme 
dilutions, was found to bo increasingly difficult; nevertheless, the 
dilutions at which breaks in the curve, obtained in this way, occurred 
were found to be approximately coincident with those obtained by 
the comparative visual method of colour change. The data obtained 
in this manner are indicated on the curve (big. 1). 


Ku:. 1. 



* •"r.r.t 1 ' - * 

„f rtl.-dml. when pr..t. . tiv.- action vanishes. 

v lsu.il method fbV -'-S- 

„j|b the evepto.o »t the point -• an 
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Discussion. 

Tilt; study of the surface tension data for alcohol water mixtures 
both with and without soap, indicated that on dilution to 50 per 
cent, of alcohol by volume the surface tension of the solution is 
unaltered by the addition of the soap. Evidently the surface 
tension depressant, either the micelle or colloidal soap, is entirely 
converted into a non-capillary active form in this medium. At the 
same dilution, such solutions have lost all their protective action 
on gold sols. Thus it appears probable that the concentration of 
soap at the gold-liquid interface does not differ much from that 
existing at the air-liquid surface, otherwise the effect of mass 
action on the equilibria of the various forms of soap on the two 
surfaces would necessitate a solvent of varying peptising power for 
each interface, that is, a different alcohol content ; in addition, it 
appears that the protective action of soap is due to a surface con- 
centration in the colloidal or micelle form. 

The initial rapid change in the protective power within the range 
0 — 10 per cent, of alcohol coincides with a rapid fall in the viscosity 
{loc. cit.) of such solutions and may possibly be due to the com- 
paratively rapid peptisation or partial destruction of the coarser 
colloid particles on the addition of the first portions of alcohol to an 
aqueous solution of potassium oleate. 

Neither by viscosity nor from surface tension data is any abrupt 
change to be noted within the range 15 — 15 per cent, of alcohol. 
The protective action, however, suffers but little change between the 
range 10 and 26 per cent., and thereafter the change is more rapid 
until protective action ceases. The addition of alcohol exerts a 
twofold effect: it both decreases the hmisatinii of the micelle and 
increases the peptising power of the solvent. Owing to the fact 
that the micelle form is charged, it is probably less stable than the 
colloid. Thus on the addition of alcohol to the solution we may 
anticipate the destruction of the micellar form to take place before 
that of the colloidal form. It is possible that the range 10 26 per 
cent, of alcohol represents the gradual removal of the micellar form, 
and the second portion the complete peptization of the remaining 
colloidal soap. . 

Siinunnru. 

The protective action of potassium oleate on gold sols, prepared 
in alcohol-water mixtures, lias been examined. X ho protects e 
action is found to vary with the alcohol content, exhibiting throe 
well-defined ranges, 0 — 10 per cent., 10 -26 per cent., and 2b 15 
^ cent. Above 50 per cent, of alcohol, the solution exerts no 
protective power. The protective action i:> compared with the 
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alteration of the viscosity anil the surface tension of such solutions 
and it is shown that the capillary active material, either the colloidal 
or micellar form, is the protective agent. Reasons are given f hjr 
the hypothesis that the colloidal form is more protective than the 
micellar. The surface concentration of soap at the gol<l-]i<junl 
interface apparently runs parallel to the surface concentration tll 
the liquid-air interface. 

DkI’AUTMKNT op PllAsICU. < ‘lll- MlsTUN , 

CxMUUIJH.i:. lit Cl : n./, M„, f 

(IXW 1. I'h Isonttristii of iMnvnl /hrirndrts (l j 
Qmnnxaluit , Part I. Tin bnur Slcrcoi^oinrdc 
2 : 3-Di phoiifl - 1 : 2 : o : [’(rlrihfiilmquinoxftUm ^ 

Ry tlKoi'iiK M\< iminau* Rknnktt and t'nuu.KS Stanj.kv ( ■jiisun 

Thk reduction « if 1* : .‘bdiphrnylquinuxalinc was shown hv nj},*| H . r , 
and Konig |/hr.. IVM. 27, 21sl) to produce two isomeric l . 2 : it : 4- 
tetrahvdn*-l>a>« On account of the presence of two similar 

asymmetric carbon atoms in the molecule (* fjp} 1 ’ tWu 

optically active and two imuti\r isoim-ridcs should he capable 
of existence, tie* case being analogous to the elassicii one of tiie 
stercoisu meric tartaric acids. 

The fniir bases theoretically |m.vdhle have now been prepared. 
The " it-base described by Hitisberg and Kuitig was resolved hy 
means ( ,f tin- d* and bearnphor-y-uiphomc acids, and the optically 
act j \ *• have be< n obtained in cnantioiuorphnus, crystalline 

forms. The meltingjiuiht curve of one «.f the optically active basis 
with the nuntive /-base “ indicated that the latter is a racemic 
compiund and not i mixture T*l h* “ .-base "could not hen-solved 
and therefore U the internally compensated isoim-ride. I he 
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The di acetyl derivatives of the optically active bases am upp^ 
Hi rotatory jowr to those of the cnnTsj* Hiding bases. JJust i* 1 
the following constants : 
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iJiiicclyl derivative of l -ham 
Diacetyl derivative of d -)» ise 


K X i’ K Ji i Al ii X T A L . 
inoso*2 : ll-I)ij>h( nyl - 1 : 2 : 3 : 

This, the most easily obtained of the isomeric bases, was prepared 
jn the manner described by Hina- 

berfE an(l Konig (&*’• r,t y ^ roin H< " 1 

alcnholj it- crystallises in small, /■_ 

pale yellow needles, in. p. 142 - - - r * 

143° (uncorr.) (Found : ('-••- K3*ti : I 

H r., 0 3. Talc., (‘ s:p«kl! b-3 /i • " 

per cent.). Large crystals ( Fig. I ) 

were obtained by the slow _ . j 

evaporation of an acetone sulu- r • 

tion. 

('nfstal aystf'M ■' Mnnoelinie: 1‘Jass Ilolusym metric. 

Habit: Tabular parallel to .1 - ! l f ■ 


Forms observed, 


Angle measured. merits. l-imat-i. Alciin. uuc. 

Ap - (10<>) : (Uo) U t;:; : :tT r f>4 :_n‘ !:. 

.ir - - f luo) : (lot ) Ui :i 2 * .*•» 

v r (noli : (ini) lo *j: :i4'—-V ;«n Lr : a> 

w' -In"): di") >- :!;!• $= ?v 

Cr' - . (toil) : (Mil) « •'I t" •»■*•-» % tr' 

rp a (lul) : (110) lo Os 1' t,v *- 

AY ( iul) : (TOO) «> Of. 4<) I'll 40 tib 4, 

The large face showed an extinction parallel to the b axis. Tht 
position of the optic axes could not be observed. 

The diacetyl derivative of the base was prepaied in tht usua 
manner, and,' as described by Hinsberg and Kdnig, was found to 
melt at ISO - 100 5 . 

Salt with {{‘Camphfr-'ywl phonic or id, 

1 «h.i\\h.ch.(^h : ; 1,1 u 

was obtained crystalline by the careful addition of ether to a 
solution of eqnimoleeular quantities of its components m £ ] 3 
acetate. It forms almost colourless plates belonging either to tne 
monoelinic or to the trielinie system, the crystals Kin r 1 
with one optic axis emerging approximately perpend u. u ai 0 
large face. It melts with profound decomposition H 


7 -- ; 1 f k r . 

No. of 

r .... p -- 

.ihi:, f--- 

;iol;. 

measure* . . 

nn-nts. 

Limits. 

Mean. 

Calc. 

14 

t;:; : :tr t>4 37' 

liL 12 ’ 

— 

l:t 

32- - m:l r.*i* 

32' 37' 

— 

lo 

12 

2 T ;;4' - 2 s : .Vs 

2 r' .ji'/ 

51 s 36 

;,| LV .*>2- 11 

AL' 33' 

0 

VI 40 :»3-2.V 

a2 2 y' 

52 2 2 U 

lo 

Us 4 ' f>s .V/ 

us ; 32 ' 

OS' 3a 

t> 

<;r. 2'.f i><> 4 ♦; 

lil’r 40 ' 

tii» ; 47 



1572 


BENNETT AND GIBSON : THE ISOMERISM OK 


and 213° (Found: (J — 08*8; IL G <). t , 30 liyO 4 N ;j S re<juirf S 
C -- 09'5; H ~ O’ 57 per cent.). The salt showed no signs of 
resolution on related crystallisation. Its optical rotatory jirnw r 
determined in pure ethyl alcohol (c 0*130), was found to |i ( . 
l^JsSei + 24 4 °, whence [MJgn + 126*5°. The base isolated frr,j, t 
this salt was optically inactive. 

Neither the (J- nor the a -base of Hinsberg and Kunig showed 
any signs of resolution into optically active components when 
condensed with rMiydroxYUH thyleneoainphor. A single crystalline 
compound was obtained in each ease. This, therefore, constitutes 
a further ease of the failure of this method of resolving externally 
eoinjx’nsated compounds {compare Hibson and Simonsen, T., l!)J,y 
107,1148). 

Resolution of KxUrmilhj torn pensatut 2 : ITThp/n nylutfahifdro- 
quii’oj'ahne into iN OpfjVu/by .bOre 1 bmpo/ic/d*. 

The externally compensated (or " : x - ”) base f.%* IS grams), 
obtained in the manner described by Hinsberg and Kbnig, was 
dissolved together with ./-camphordi-sulphonie acid (4*3 grams, 

1 equivalent) in hot pure ethyl alcohol (lin c.e.). The crystals 
which separated during twuitv-fuur hours consisted "f the salt of 
tfie /-base in a practically pure coiiilitiou. buithrr quantities 
of the same salt were obtained from the concent rated iiMkr- 
liqiior (3S5 gram> in ailj. Tin - base obtained from the tina! 
mother-liquor from tins crystallisation by the addition of an 
aqueous solution of ammonia was dried and dissolved in pure ethyl 
alcohol together with an equivalent quantity of /-camplmr- 

sulphiuue acid, and yielded the salt of the d-base (1*7 grams 
without working up the mot In r-liquor). Th*-i> salts, after rue 
reerystalhsation from pure ethyl aleihoi, slowed equal and nppa-iu- 
rotatory pan r> in pure ethyl alei.bnl : //e/.l. [*is?*.u “ 4< ’- > 

•UUA, ■ l*W) . 

Instead of isolating tin- '* a-ba*e ” in the somewhat laborious 
manner do.-enl* d ley Hinsberg and Komg and thin iv-olving it 
m the manner de-mUd above, the following method is to ho 
preferred. 2 : Tlhphenylquinoxaline (Id grams) is dissolved in 
hot ethyl air. hoi d.H* 5 1m per rent.) (15" c.c.). nnd sedimu 
rnetal {26 gram-; added as rapidly as j«-dhle to the 1, oiling solution. 
Tin- solution i.x diluted with water containing acetic acid 
and the has* ^ are r* nio\ed with l>en/.ene. Ihe benzene i> rt,11uU 
m A current of steam, the mixed bases are separated, dikd^.nu 
then dissolved in hot nhohol (126 e.e.). llm 
separate from the solution on cooling consist ehicllj >» ^ 

jxtrtion of the i/irio- or internally eonqiensated base, am >■’ 
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is removed by tilt ration, d-eamphor-fi-*ulphonic acid (5 grams) is 
added to the tilt rate, and the solution concentrated to 40 c.c. The ‘ 
salt, IB dAy which now separates, is filtered off and the base in the 
resultant mother- liquor separated in the usual manner by means 
of aqueous ammonia. This base after diving is treated in hot 
alcoholic .solution with 1 equivalent of ^eamphor-.'i-sii! phonic acid 
and the dii Li salt crystallises out when the solution is allowed to 
coni. 

1-3 : W-iJipb nyltt fruhydrotjui noxaUnc d - camphor - r> sulpkomff 

MKIITjUj , 

* c ^ 4 ^NH’CIH YHr ^ ' va - s crystallised once more 
from pure ethyl alcohol fur final examination. Jt crystallises 
in small, doubly infracting, colourless needles, in. p. 24 -j — 2.53^ 
(decoinp.) (hound; ( - H bv». requires 

— li9‘o; H — b’->7 per cent.). A determination of its optical 
rotatory power in pure ethyl alcohol k--<i'44]) - 

nit!) , whence - 3!J4’.V. 

1-3 : 3-l.fipfa o t y/-l : - : 3 : A-tftrahydrwjuutoxuUHt-y 


>'«■<<“ H 

H / 1 6 n 5 * 

G Il 4 {’ H » 

XH-i <|j 


was liberated from tin* pure salt with fCcaniphor-^-sulphonic acid 
and recry >tallUcd from ithyl alcohol. It melted at 13a — 135\V. 
The melting point and optical rotatory power were both unchanged 
by furtlur recrystnlli>atinii (Found : (’ — S3 0; H = l)’2a. 

( 51 H„X 2 requires V ■ SMI: Jl -- 031.1 per cent.). 

d-3 : 3- Jjijdt* nyl - 1 ; 3 : 3 : \ t< trahmlro^jui/io.oiltn* was isolated in 
a similar manner fimn tin- silt with /-camphor- ‘i-Milphonic acid. 
H melted at 133 I3.V.V ( Found : C ShM H bU (A 0 H 1S X 2 


requiivs C - SI.D ; II - 15-3*3 per cent.;. 

The oplieal rotatory powers of these two bases were determined 
iu pure ethyl alcohol at 3»» : 

moi &:<u 

1-base (c leA.lq; ... .,40% - 44'4*, -4U'ir; [J/] MflJ “ 

- i;,(;-3-. 


rf-buse. (c “ 0-11 ji) ; [ a ] 


:>4*4 , 43S\ -i 43'3 : ; = 


■these two optical antipodes were found to crystallise in enantio- 
morphous forms (Figs. 3 and 3). 

{-'fystal systi tn : Monoelinic; Class 4 ; Sphenoidal. 

Habit : Crystals Stained by slow evaporation of ethyl-alcohol ic 
* Thin nn.! thiHc ;in- v<-<\ in irulie:!*e the "roup* "T'rh ar0 in *J ,e 

Ndiu- plain... 
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solutions were tabular parallel to p =-= J 1 10}. Others, formed in 
a cooling solution, had a sphenoidal habit with more complex faces 
Crystals from acetone were tabular parallel to /> — |01QJ. 

Axial angle 0 D° 31'. Axial mlios , a : 6 : c ~ U’032C : 1 ; 1 
Forma ohanrnt. The simple com bi nation of C 'qqp 
ft — !*>lo; t p -= 4- ;ilo; and p' - •- ;iiu; frequently occurred 
simulating holosymmctrv, the /- and (/-crystals being indistineuish 
able. The enantioniorphism was shown by crystals havin<r also 
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racemic- 2 : 3 •Diphenyltetrahyd roqu i noxuli ik.- Th c preparation of ' 
t ]u.s base by the slow evaporation of the alcoholic -mother-liquor 
remaining after removing the weao-base, the rnethud described bv 
Hinsberg and Konig (loc. cit.) y is very tedious and unsatisfactory 
„n account of the tendency of this more soluble base to oxidise 
whilst impure, it was found more convenient to mix exactly 
((pial weights of the active antipodes in pure ethyl alcohol and to 
evaporate the solution under diminished pressure at the ordinary 
temperature. In this manner the base was obtained in small 
almost colourless plates, m. p. lOCh Unfoi Innately, many attempts 
to obtain crystals suitable for gonioinctrieal and optical observation 
were unsuccessful. 

The melting points of a series of mixtures of this tf/. base with the 

base were determined and the temperature-composition curve 
slKAvcd a marked depression and a eutectic point at about 100 5 
corresponding to a composition of l .“ — 20 per cent, of the d - base 
with SO S.» per cent, of the <//-base. 'Hie dl- (formerly known as 
the " a- ; ) base is therefore a raceniie eumjxmnd. 

Guv’s Hospital Medical School. 

University or London. f/tooYe/, May 7 th t 1923.] 

(TAX VII.- ~Su I* t it udo n in 1 icnial Trisnhstituted 
Benzene Deri vat in*. Part !. 

Uv William Davies. 

Some of the most important views of the mechanism of aromatic 
substitution in vogue at tin* present day are well represented by 
those of Karrer [Ikr.. Milo. 48, 1311$) and of Kurt Meyer. Karrer 
holds that where derivatives of phenols and amines are concerned, 
the reactant initially combines with the oxygen or nitrogen atom 
to form an ammonium or oxonium suit, which is then converted 
into the nuclear substitution product. Fur example, the action 
°f an alkyldiastonium hydroxide or halide on a tertiary amine (I) 
ls to form the intermediate compound til), which then undergoes 
rearrangement with the lo*< of ,\ molecule of water or halogen 
hydride to produce (III). 

N.Ar II 1! 
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Tills principle is capable, with slight modifications, ( ,f 
application and harmonises, for example, with the ready rearrange- 
ment of phony I nitre a mines into o-amip-futruiinilmesi.and of j,Sn-i,\i 
sulphate into the o- and p-phcnolsulphonie acids. It explains 
moreover, the remarkable ease with which amines and phenols 
cause substitution to take place, and throws light on the inter- 
mediate compounds isolated by Dimrolh and Hartmann (/j , 7 
19ns, 41, 4012) in the condensation of diuz.onium hydroxides wit b 
the enulie forms of dcMimtropic substances. The cxjicruiiciital 
evidence adduced by Kanvr (Ax'. nV.) partly consists in showier 
that when the alkyl groups in (l) are large {for example, i*oainv] 
radicle-}, the action of diazoti-rd sulplmnilic acid results in the 
formation of a nnnio-. and not the expected cUo^jiunylaminouzd- 
beHZetle>ul[»hotiie acid. Stieh a displacement usually occurs 
when the alkyl gn up- an* large, and t his fact receives its simpk-t 
explanation, in the terms of Kum-is theory*, by assuming that our 
of these radicle- is di-iodged before the necessary intc*nm<liaie 
compound of the tyjw* (II) can be formed. Similar :tn«*ina!i*»K 
couplings are known between phenyl ethers ami diazoniuiiul«*nv. 
atives. Moreover, the enmvptinn of addition to ail oxygen atom 
preceding tin* formation of the final product has been u.-ed jn 
other r;b»s than aromatic substitution, a- a l*a.-is of the meehani-m 
4 >f reaction . For example, (iuld.-chmidt \Z. El* klr**'h> m., l'.io\ 
14. ."M? explain- e-tenlr atimi a- taking pl.ue by naan- nf the 
momentary tpiadm aiem y of the oxygen atom of the alcohol 
The formation of a/.o-derixatiw- frota diazonium cMhijiHiiiiri- 

and < * rtain hydro, .u b. n- (M« y» r and S boeller, Jhr., Win. 52, 
l b*"') diow- that o\\giii and iiitrog* u atom- are not peciili.il' in 
sndiii mg • ouplir g to tak- place, and that Kurt Meyer s theory et 
addition to a ■ oiijugi**d double bond >V 'a iu U the more preluMf 
explanation. Ne\«-rth* l»v- ( t b L- M.upling with liydroearbins oui 
}„. ,-(U» i -e -- f nl) v tamed out only under sjieei.il condition* ami with 
du/ouiusu i oiup'Uiid- containing a* i:;* ni» -iib.-tiltietil- in di r 
nucleus, and contra- xery forcibly with the ea.-e of ompling with 
aimucs and pm it* d - and tle ir d. matixes. It has ain-o|iuntly 
i H « it t h ought worth wl.iie to u,\.-4igate certain ceinpluaUtl 
i.r !.)•£• is: ■ in oii.-nuth n with tic \ i«-w of a.-cerUining whether tin 1 


♦bee.JA of Kxrrer 


N-.w ab > u the ->uh-i it iietif f > m a eoinpunid of the type (H ) 1 
in f In . t li. 1 i> ,i with npanl O thr t«o othe r sufetitucnM 
.41**1 It I- * 1 -V «** imoKinr that Mrrr inlhim.s may hmtk 

formation of any me -aiv intermediate compound >> » «■- \ 

I|„ „l, .V- .ii.lv U...y thr ttrll-kn.."'. 'i"" 1 ''' ‘ 
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normal valency .compound* occur in such ium-,, but instances are 
known of the similar prevention of the formation- of molecular 
compounds. For example, Klages (ifer., J 899, 32, 1519) showed 
that 2 : 6-dimethylacctophenonc was exceptional among the methyl 
mid dimethyl derivatives of acetophenone examined innot forming 
ii double compound with phosphoric acid. Moreover, Kenner and 
Parkin (1., 1020, 117, 852) have used a similar conception to 
explain the reactivity of some of the substituents already present 
in the benzene nucleus. 


a OMe OMe 

f /X /> ( ,OMe / jUMe 

NO, 

(iv.) (V.) (VI.") 



l he experimental portion of this communication centres round 
the nitration of o-veiatraldehyde (V), which Perkin and Robinson 
(T.. 19U, 105, 23S!)} showed is converted apparently entirely into 
O’ 1 )- This remarkable result might be explained by the above 
hypothesis of addition preceding substitution. The methoxy- 
group in the ortho-position to the aldehyde group would be sterically 
prevented from forming the intermediate compound (no matter 
whether the formation depends on the saturation of normal or 
partial valencies) and would consequently be expected to have no 
directing influence. The other methoxy 'group, however, is not 
obstructed, and would cause substitution to occur in the para- 
position with respect to it. As already pointed out, substitution 
actually does take place in i)ii> position. The result of nitrating 
0 - vanillin (\ 11) does not contradict this view, because the hydroxyl 
iwoup lias a much smaller volume than the methoxyl group and a 
ktr greater directive influence. 

At the outset, it may be well to remark that the author is aware 
of instances that cannot ho explained in this way at all. For 
example, the nitration of o-veratrie avid (Cain and Simonson, 
r - 1M4, 105. 150) causes nitroxyl to enter the indicated position 
^Nl). This particular rase, which is one of the very few exeep- 
U<m * to the rule of Robinson ami Jones (T.. 1017. Ill, 000). 
Ill;1( lc the necessity of this investigation more urgent. 

h* the course of the experiments now to be reviewed, where only 
° m ‘ Product has been obtained in brumination or nitration, the 
" l °ld (which is given in the experimental part) shows that in almost 
A 1 eases the reaction had gone to an extent of at hast o» per cent. 
111 one direction. The remaining 25 per cent. i-- to be accounted 
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1.T7K 

for by unavoidable loss in crystallisation and Through u ((( .j-j JJ(r 
with comparatively small quantities. 

The exjKTimental work has iirst been ‘concerned with finding d 10 
position of substitution in the hromination and nitration of 
o- vanillin. The bromo- and nitro -derivatives of o- vanillin h lV{ . 
already been described by Rupp and Linck (Arch. Pham Rij - 
253, 33), who assumed, without any supporting evidence, that tin- 
substituent enters tlu* para-position with respect to the hvdruw' 
group. In view of the remarkable result of nitrating o-veiatndrb 
hyde ( V -*> VI), it seemed desirable to investigate the nitration and 
bromination of o- vanillin more thoroughly. This has been done 
and the assumption of Rupp ami Linek continued. 

The nitration product (IX) of o-vanillin is methylated and thR 
nitro-o-veratraldehydc which is different from the one obtained 
hv the nitration o-verat [aldehyde -is readily converted info 
the original nit ro-o- vanillin by the action of alkali; no trace of an 
isomeric nit ro-o- vanillin is obtained in the process This n .{ rn . 
grade Step R excellent pi-in »f that the nitio.wl is in the meta-pMsitimi 
to the aldehyde group, for if tin* nitroxyl were in any other po>j. 
tion in the nucleus, tlu* other niethoxy-gmup would be loosened 
and alkaline hydrolysis (which would not very readily take place' 
would largely result in the formation of a nitro. derivative of i* 
o-vanillin (X). ThR activating influence of met a- direct ing (espec; 
ally sulphonyl and nitro-) groups on ortho- and para-suli>titm*nt 
is often one of tin- .simplest m«-nn> by whieh the constitution of th 
aromatic substance in question can he decided . 

UMe n.Mr OMc ()H 

ti.Me Oil ' - * - ... (UMe) { ,OMo 

o,N- m,H o.n i Hu . . o,x -run ! cho 

W 

iVtlf.) :IX I (X.) 

Jn this partRular inaamo th*- formula for nitro n. vanillin (IX) 
has U-*n vtili fiirtbt * ■ * r ; t i : i . , » ■{ by it- conversion into (he oinv- 
>ponding o-nitro-o-vt aat ii' arid (\ lit), the romtitution of vdiirh 
is rh-tinitrlv known Main and Simnii.sen, h*\ nf.j. 

The broino drri\ati\o iXli of o-vanillin. when methylated and 
nitrated, i> < =t -i! y ionv»*rtrd into an indigoliu donative* l»y die 
action of anion*- ami -odium hydroxide solution, lilts fact die"? 

• Sum*' lie rulout *:•! m not ^r*'utlv moURnl Lv hi« 

shtuentH, the author ha-* n*4 * , \anmn‘*t m lh*‘ devtvAUva «‘t iiidi^ 

pr*’pnr»-«i m th*' * . -nr - - .1 tin oi\. \ I* ■ ri- rotino ■' ' ^ 

ry*emU< ueii^Um it- if m aj }>■ none* oa<l m it ' ^pantig *lol »lli« > 111 1,| = < ‘ 

«**il vents. 
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that the bromine atom cannot be in the orlliu-]Ki&ilkm with respect, 
to the aldehyde group, and therefore it is extremely 'probable that ’ 
it is in the position indicated. This probability is still further 
enhanced by the fact that Ihe mcthyJation product (XII) of broirio 
^-vanillin is identical with the bmmiimtion product of o-veratr- 
aldohydc. 

OMe OMc O.Me OUo 

/\oH { ; OH - 7 .Oil.- -- / ,UM>- 

I (‘HO Hr 1 ., mo Hr' t'HO i jCHO 

'/ / /_ 

(HI.; (Mi.) (V.j 

Jn the broinination and nitration of o-vt iatraldehyde. 1 lie reversal 
of the positions taken up is apparently complete. This seems to 
he the host example vd known of the phenomenon of the occasional 
dependence of the position of substitution on the nature of the 
entering group. Other M l iking instances of this sort of phenomenon 
(apart from substitutions with mercury, which are only super* 
finally abnormal) are the broinination and nitration of 4-nitro- 
vcratrole investigated by Jones and Ho bin son (T. f 1917. Ill, 905), 
the chlorination and nitration of 2-i-liloro-^-toIuenesulphonyl 
chloride (Davies, T., 1921, 119, 859) and of 2*chioro*p*nitrotoiuene 
[idrnty T., 1922. 121, 800), and the bmmination and nitration of 
i-iie thuxy-3-ethoxybenzaldehyde described below, although the 
last have not yet been completely investigated. The author is at 
resent unable to advance any consistent interpretation of the above 
(■markable reactions, and it U dillieiilt to device an explanation that 
greos with the constancy of substitution in the vast majority 
if simple cases. Possibly the diiferenee in molecular volume 
.nd molecular density of the entering groups is an important factor 
n deciding the position taken up. especially in polysiib^tituted 
X'nzone derivatives, where the effect of the entering group is chiefly 
loticeahle. It must, however, be mentioned that, in the anomalous 
iistanors mentioned above the tendency pointed out by Kobinson 
'Annual imports, 1921, 83) ‘'for the entrance of halogen to be 
■lelinitcly directed by positive groups t«* the met a -position to a 
creator extent than is the ease when the entering >ubstituent is 
nitroxyi, ’ is observed throughout. 

Jn view of the remarkable contrast in the position of substitution 
*howu in the nitration of o-veratraldehyde and o-veratric acid, it 
k of interest to ascertain whether, by suitable modification of the 
middle group in both aldehyde and tin* corresponding acid, similar 
substitution can be induced to take place in each case/ The acetyl 
derivative of ^vanillin has accordingly been nitrated, but complete 
hydrolysis of the acetyl group apparently occurs dining the process. 
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' :hlk*nzenesuiphuxy-3-meUu>xybenzaldchyde (X1U) ' lti * 

nitrated much more smoothly and the product isolated (though the 
yield is only about 50 per cent.) Is- iS-nitro^h(:nzamtdi^ 
i \. V vtho.r!ib<-nialdch!jdv. (XIV), which can ho converted into a deriv- 
ative of indent in. It is, moreover, transformed by oxidation into mi 
acid identical with the nitration product of 2-hi nzemmilplioxy- 
3-met boxy benzoic acid (XV). 


OMc 


OMc 


OMc 


"O-SlU’li 

k'luf 


Vtvsoj 
< ’OJi 


NO, 


^•soj’h 
, ;O.UL 
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OMc 

/ \o-SOJMi 

\ Joiuf 
so, 

tXHI.) ( X1V ) 

It Is thus clear that when the para direct i\e power of the 
hydroxyl omup in o- vanillin and the mires ponding mid is sidli* 
e ie nt lv weakened by connexion with suitable groups the mdhoxy- 
rrroup’ will, m both instances, cause substitution to take place ill 
the position para to itself. The nitration of e-vanillin ddivatives 
IS thus brought into hue with that of derivatives of vanillic acid 
(compare Klcim-n r, Sitzu^j^r. A Abvl. l'.H3, 122. 

1343; and of guaiueoi (t’ardurll and lb»bin-.-n, I 107, 2.w). 
Hence nitro-derivat i\ 


containing tin* niuo jnai 
resect to the methuxy-gr 


,f o-vaniliin and the >rro>p< rii. iin^ avid, 
up in the ineta- or pura-podiinn with 
.up. i an be prepared at will. 

It has already be. n shown that in I X XV). when a h nieilmxyland 
h hydro xy I, the two substitution* are entirely diimr.m (as far 
a. i lit ration* i> eoiierrn.il), and therefor.- moderate chances in the 
directing po«.T of a.ld h eau>e cmplete change III the 'Sit ion 

of Mihsiitutioii. Hence it is of iM.iM.rtanee to cn.iMdciMhccfeU 

of e\t rc a * l*. *li«d?t ehnnu'* " in the .lire, live forces “1 a .uk j. 

own !«* wMy «-**«• 

f..r .hi- pur, • •" lh«-r- i- linl.- .lilT-n-n.- 

in.ui-r In-tv ml, -.»..,i...il.r -II... r" 

l.L-hv.l,- W..«M i.i'li' XVIII, i: r :- luri / ; i 

i- tin' ih.i .in I 

„f ,(-n- I.in.lran.-- ..n U «« .• » I-M " 

tli it ; xvil, ...a tXVIll. an.l u,..t 

pn.lal.lv (Will i- 111*' *1*0 l'*'".'*' I 11 

[H-r -■.•>.«. y.*-M fi.*m «li- "i*™""" into a 

..tli. r iM.rn.-ri.l- i WIII) 1-ms fl>"'*« ' V . '' an <l sodium 

.1-riv.iiiv.- of imliK'itin »lun IrtaU-U »illi an ^ 
liv.ln.xiil- M.luli. ii It is bn, Mil that tlu* |> r "l“’ i r ’ "' j 
|„- ar. uril-lv <l.-l-i nun. *1 t*v tl" <*’ ' ,,,n 
on .v ...lutioii -f the mlr.it ion itxkIu. « 
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^ cthoxybenzaldehyde (XVIi) is entirely unaffected under these con- 
ditions, whilst the nitration product itself gives a greenish-blue 
OEt OEt OEt OEt 

A.OMc v— /\oMc — r A.OMe + A.OMc 

bJ^JCHO JCHO XO, 1 
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solution owing to the formation of a derivative of o-mtrosobenzoic 
add (compare the action of ultra-violet light on o-mtrobenzaldehyde, 
Weigert Lid Kummerer, Btr., 1913, 46, 1207) The elaboration, 
of such a method of analysis is particularly desirable, in yew of the 
difficulty encountered in the estimation of o-mtroben^dehyde in 
the nitration product of benzaldehyde (Brady and Harm, this 

(XIX) - -"" A * llitra ! i< ’ n 

3nitro-2-hydroxy-3-cthoxybcnzaldeliydc (XX). a reaetton co^ 

pletely analogous to the nitration of o-vamllin. rhe me hylated 
product is demcthylated by boiling with dilute sodium hytboxide 
solution, the original nitroethoxysalioylaldchydc tang regenerated. 

Moreover the acid (XXI) formed by oxidising the o.Mtro-*me - y 
3-' j thuxybenzaldehyde Ls converted by alkaline ye '' j* 
mtrohydroxyethoxy benzoic acid (XXII), and not a mtrohydiozy 
methovybenzoic aekl. These observations, in the 
remarks made on p. 1578, constitute a rigid proof o 1 
of the formula? in question. . 0 mo *hnw. 

The broin ination of 3-et boxy sal icy iaklein e an - _ ^ 

3-cthoxybenzaldchyde leads, as in the bronnnatiouo y , ^ 

o-veratraldehyde, to derivatives in which the roim * 
in the same position relative to the aldehj do group, 
worthy, however, that in the bromination of --me o. ^ 

benzaldehyde the yield of bromo-dcrivnthc if no . uo £ 

bromination of o-veratraldehyde. fhe broiuuit *• ^ . 

vol. CXXIii. 
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adjacent to the aldehyde group, for the nitro-derivative of t] le 
brominat ion , product of 2-mcthoxy-3*ethoxybenzaldchyde U roadil 
converted into an indigotin derivative in the usual way. ■ 
hence extremely probable that the formulae of these bromine 
atives are correct, and that the brum inat ion of 3-ethoxysalicvi 
aldehyde and its methyl derivative is perfectly analogous to the 
bromination of o- vanillin and o-veratraldehyde. 

The nitration of 2 - e/Awy- 3 - ethoxybe n :oi c a c i d (XXI II) fumbh^ 
extremely interesting results when compared with the nitration 
of o-verntric acid. A mixture of two acids is formed, Uk* 0ne 
occurring in greater amount being ^nilro-'l-nuthoxy -lU-lfifw 
benzoic add (XXI), m. p. ITT". There is also formed, however 
another isomeric acid melting at 157T> \ to which the formula of 
b* n itro-2'methojy*'3-ethoxybt ttzoi c acid (XXIV) has tentatively 
been assigned. The correctness of tins formula is fairly well estab 
llshcd by the fact that when the nitration product (which contains 
XVII and a substance forming an indigotin derivative) of 
2-methoxy-3*ethoxy benzoic arid is oxidised, only two acids art- 
formed, one of which is the above 5-nit n>-2miethoxv-3-othr»xy. 
benzoic acid melting at 177', ami the other an acid which seem, 
to be identical with the one melting at 157 5 : Completely con- 
clusive evidence of the constitution of the acid melting at l57o : 
will shortly be advanced. 

Since the proportion of the isomeridcs formed in the nitration 
of 2*methoxy*3*ethuxybenzaIdehyde has not yet been determined, 
the discussion of the bearing of the nitration of this substance and 
of the corresponding acid on the general question will be postponed, 
But even at this stage it Is not premature to record that whilst it 
is still difficult to reconcile the results of the nitration uf o-veratr- 
aldehyde and o-voratrie acid, the original idea of the influence of 
sterie hindrance on the position of substitution cannot in this 
sense be used as a generalisation. The research i>, however, being 
continued, in order to obtain more information com-criiiitg the 
irregularities tliat occur in the orientation of vicinal trisubstituted 
benzene derivatives. 

The description of the probities of the new substances prepared 
U to k- found in the exjuTinu nta 1 j tort ion of the pajier. Attention, 
however, is here directed to the pungent and sternutatory probities 
of 2-inethoxy 3 -ethoxy lH»nzaldehvde (XVI), which are coiisiderabh 
mow* pronounced than those of o-veratraldehyde. It should ak> 
be mentioned that n<» appreciable replacement of the altkhyt t 
group by nitroxyl (compare Sal wav, T , lm.flh 95, 115a) lias b«B 
observes! in the nitration of the e the IS of these \ieinal h \ droxi 
-aldehyde*. 
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EXPERIMENTAL. 

Nitration and Bromination of o -Vanillin and vis Derivatives, 
Preparation of (IX).— 

0 - Vanillin has already been nitrated by Rupp and Linck (loc. cit ) 
but as it is advisable for purposes of reference and comparison to 
give details of the method of nitration in acetic acid, the conditions 
used throughout the preparation are here described in full. A 
solution of nitric acid (5 c.c. ; d 1-42) in acetic acid (20 c.c.) is 
slowly added with stirring and cooling to a cold solution of 
o- vanillin (15*2 grains) in 70 c.c. of glacial acetic acid. The reaction 
liquid becomes red, the temperature is maintained at 10—20° 
and a pale yellow solid rapidly separates. This precipitate is 
collected after remaining over-night and when diy weighs 13-2 
grams and melts at 140°. A further 2 grams can be obtained by 
diluting the acetic acid solution with water. o-Xitro-2-hydroxy- 
3-methoxybenzaldehydc crystallises in very faintly yellow needles 
melting at 140—141°, whereas Hupp and Linck record 142° 
(Found : X = 7*0. Calc. , X — 7 T per cent.). It dissolves readily in 
most organic solvents and is slightly soluble in boiling water. 
The aqueous solution resembles that of picric acid, inasmuch as it 
is very much more yellow than the alcoholic or benzene solution. 
The sodium salt is slightly soluble in cold water, from which it 
separates in bright yellow needles. 

o-XitrO'2 : 3 -dime thoxybi tizaldthydf . — Th e above described nitro- 
o-vanillin is not conveniently methylated by means of methyl 
sulphate, but the methylation is easily carried out by the applica- 
tion of Purdie’s method. Xitro-o-vanillin (7*4 grams), dissolved 
in a mixture of methyl iodide (5 c.c.) and chloroform (30 c.c.), is 
boiled with finely powdered silver oxide (7 grams) for three hours. 
The inorganic matter is filtered off, and most of the solvent removed, 
when the methylated product (m. p. 115 ) separates out in almost 
quantitative yield. Recrystallisation dees not alter the melting 
point, 5-Xitro-2 : 3-dimeth o.ryf# maid* h yd c consists of colourless 
needles w hieh are very soluble in hot and somewhat soluble in cold 
methyl alcohol, very slightly soluble in boiling water, and insoluble 
in cold sodium ‘hydroxide solution (Found : X — 6*4. C 8 H 9 0 5 N 
requires N — 6 6 per cent.). 

This nitro-o-veratraldehyde (0*2 gram) can be partly demethylated 
by boiling for a quarter of an hour with A -sodium hydroxide 
solution (20 c.c.). The clear orange-red solution, which becomes 
yellow on cooling, filtered from unchanged nitro-o-veratraldehyde 
and acidified with .hydrochloric acid. The light yellow substance 

produced melts at 1*38—141°, and after olio crystallisation from 

* 
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benzene at 141°, alone or when mixed with a specimen of the 
original * nitro-o- vanillin . This retrograde step ts strong evidence 
^ favour of the position assigned to the intro-group m a-nitro- 

2 :3-dimethoxyl>cnzaldehydc. . 

The accepted formula for this substance is confirmed by eon- 
verticil it by oxidation with potassium permanganate solution into 
the corresponding acid molting at ‘^ (uneorr), which is the 
melting point of 5 -nitro-o-veratnc acid (< am and hi nionsen, kc. 

7 i The acid is esterilied by means of ethyl alcoholic hydrogen 
chloride, when the ethyl ester is obtained in colourless needles 
melting at 711. The melfing point is not depressed when this 
ester is mixed with an authentic specimen of ethyl 5-mtru-o-vcratrate 

Snowier to render the nitration of o-veratraldehyde completely 
■ m parable with the nitration of (.-vanillin and the bromination 
of o-veratraldehyde (see p. 15S«). the nitration has been carried out in 
irlacial acetic acid with the theoretical .piantity of nitric, acid. 
No rise of temperature- or other sign of reaction is noticed when 
ihe reactants are- mixed in the cold, but when the mixture is gently- 
warmed on the water-bath for a .piarter of an hour a definite reaction 
takes place The product is kept over-night in a desiccator, when 
needles separate which melt at SS ' and are identical in all respects 
with the ill t roverat raldehyde obtained by l.-rkin and Robinson 

^^Ti^aseertain whether the remarkable contrast in the position of 
substitution which obtains in the nitration of o-veratraldehyde and 
of o-veratrie avid holds for other derivatives of u-'amlhn and 
l- f }U .j,u rtTtain <lerivativt\s uf o-\anilhn ha”\e been 

madV ai^ their odrati««n has been attempted, with the 

• „ t |... .,v„b-ed produrt with the substance produced by the 
comparing „ k , Ar ,.tvt.o-vanillin (m. p. 76 ), 

nitration e> t ^ ™ ‘ dm-riM by Rupp and Bc-ycr 

Z V "u i :S M. unfortunately cannot be nitrated by nitric 

’ I b n with the purest nitric- acid, steady hydrolyse 
“» thr wW - h ... am i the vanillin formed w then 

of the acetyl group tak > i uiterat ditTereiit 
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are obtained as follows : BenzenesulphoxymethoxvU'nzaldehyde 

(1 gram) is powdered and added at once to 20 c.c. of fuming nitric' 
acid (d 1 * 5 ) at 12 °. The temperature rises to 20" and a clear solu- 
tion is formed, which after standing for ten minutes is poured into 
water. The product when dry melts at 120—135°, and after 
crystallisation from alcohol 0*0 gram of needles melting at 145° 
is obtained. A small amount of uncha nged substance is also formed. 
G.XUro-2-benzenemlf)hox>/-3-m ethoxybfnzal/Mydr (XIV) consists of 
very faintly yellow needles which melt at 145° and become super- 
ficially greenish -blue, on exposure to sunlight at the oidinary 
temperature {Found: N = 4*3. C 14 H n G 7 XS requires N = 4-15 
per cent.). A solution of this substance (0*05 gram) in acetone 
(2 c.c.) is treated with a drop of concentrated sodium hydroxide 
solution and gently warmed and shaken until the solution becomes 
deep brown ; it is at once diluted with about twice its volume of 
water and the solution boiled, when a derivative of indigotin rapidly 
separates in a very finely crystalline state. This method of preparing 
indigotins from o-nitrobenzaldehydes is very rapid and satisfactory. 

Q-yitro-2-benzenesulphoxy-3-mfithoxybtnzoic acid (XV) is prepared 
by the oxidation of the above aldehyde by means of potassium 
permanganate in the way indicated on j>. 1587. The acid is obtained 
in excellent yield in colourless, glistening lamina 1 melting at 218°, 
and can be conveniently recrystallised from dilute alcohol. 

XU ration of '2- Brazen rs u l phoxy - 3 - nu / hoxyhe nzoic Acid , — This acid 
is prepared in 80 per cent, yield by the oxidation of the correspond- 
ing aldehyde in the way described by Rupp and Li nek {foe. cit.). 
The melting point (195') of their acid is somewhat low, for it 
separates from alcohol- in which it is only slightly soluble — in 
short, glistening crystals melting at 2<J9 . The nitration of this 
acid takes place smoothly when one gram is dissolved in nitric 
acid (20 c.c. ; d 1*5) at 10 and the solution kept over-night. When 
crystallised from alcohol, colourless plates (0*S gram) melting at 
218 J are obtained. This substance is far more soluble in alcohol 
than the acid from which it is derived and a mixture of the two 
acids melts below ISO". On the other hand, when this nitro-acid 
(Found: C - 47*7 : H 33. r i4 H n O s XS requires C = 47*6; 
H = 3*1 per cent.) is mixed with that formed bv the oxidation of . 
h*nitro-2-benzene8ulphoxy-3-inethoxybenzaldehyde, the melting 
point of the mixture is the same as that of its constituents. 

It is clear from these experiments that whilst o-veratraldehyde 
and o-voratric acid cause nitration to take place in entirely different 
positions, 2-benzeiiosulphoxy-3-mothoxybenza]dehvde and the 
corresponding acid’orientate in the same place, as far as the intro- 
duction of nitroxyi is concerned. 
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Bromination o { o- Vanillin. 

5.Bromo-2-hvdroxy-3-methoxyl)cnzaldchydc (XI) is prepared 

exLtlv as described by Rupp and Linck by bromnmtu.n in «4d 
facial acetic acid, when a yield of more than 80 per cent, of right 
jX needles is obtained. No other substance can be isolated 

fro vJ! 

3 *Wv hv means of methyl sulphate than by Punlie’s 
X“-o.o.vani.li„ <3 grams), dissolved in methyl alcohol 
30 ec). is treated with 15 c.o. of methyl sulpha c and an f^mvalenl 
intit v of sodium hydroxide solution and boded for half an hoar. 
M thvl' sulphate amt sodium hydrox.de solutton are alternately 
added in verv s.nall quantities to the bo, bug soh.t on unt.l the 
slightest excess of either causes a change in colour. 1 he tune required 
is "less than an hour ami the volume of methyl sulphate used is 
1.7 cc On cooling, the bnmtotlimethoxjWaldehyde (Ml) 
aim -, a fmiflntitativcvieW in Colourless, fitornutatoiv 

*."«• uw- 

B - 3’ Omr eent ) This methylation c an also he successfully 

carried "outwit hout .he ai , ( ,, , ny <^^ dp 

“”:;t vi ; 1 rr“. u « * » — < *• * - 

"... , ,. v ,,i Vt ,j The temperature is maintained at 

X^for rivo davs and the clear solution then pound into water, 

rid „,„ r 

3-7 grams and melts at aim t » ■ ' » ; ^ 

alcohol, the hrotn, ^ M •« 1 « „ lll( , Iltic!l 

^ssasssSfiSfr 

separates m a crystalline stati ' wat ,. r This nit m-dcrivativf 

bv pouring the reaction pr< dt< c hi nls tlmu the ongiral 

i3 ’ considerably less soluble m » 

bromoverat rahlehyde, and tns a im medics melting d 

alacial acetic acid in glistening, faintly yellow mu 

ffuv X -e» ; 

It is readily converted into a di m a h 

,1 acetone and sodium hydroxide solution, lhnu 
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atom is not in the ortho-position with respect to the aldehyde 
group. 

^Brmo-O’Vcratric rict'tf.— Half a gram of a specimen of 5-bromo- 
0 . V eratraldehyde (made by methylating e-vanillin) is suspended in 
a solution of magnesium sulphate {2 grams) in water (50 c.c.), and 
the boiling suspension gradually treated with a solution of potassium 
permanganate (0 4 gram) in 20 c.c. of hot water. When the per- 
manganate solution is decolorised, the reaction product is cooled, 
shaken with 2A -sodium hydroxide solution (20 e.e.), and filtered 
cold, by which means -any unchanged aldehyde is retained in the 
inorganic precipitate. The lilt rati; is acidified with hydrochloric 
acid and rapidly deposits clusters of colourless needles (0'4 gram) 
melting at 120° (Found : (.- — 4 1 5; H — 3*5; equivalent — 261. 
- 9 H 9 0 4 Br requires C = 41*4; H 3*4 per cent . ; equivalent = 258). 
Hi is acid is slightly soluble in boiling and sparingly soluble in cold 
ivater. It wras hoped that by distillation in a vacuum the acid 
.vould lose carbon dioxide and be transformed into a bromoguaiacol 
methyl ether, but unfortunately the acid is very stable and distils 
it a high temperature practically unchanged. The conversion of 
lie intro-derivative of o-veratric acid into this or an isomeric 
oromoveratric acid is also unexpectedly difficult to carry out t 
wring to the instability of the intermediate amino-o-veratric acid. 
It is hoped to submit, in a further communication, completely 
'onclusive evidence of the position taken up by bromine in the 
nomination of o- vanillin. 

A it rat ion ami Bromi nation oj 3 - Kt h oiysa l i cyl a kkh ydc and its 
Derivatives, 

3-Ethoxy salicylaldehyde (XIX), prepared by the firm of Haar- 
nann and Reirner, Holzminden, does not seem to lie described in 
Ik* literature. The commercial product melts at 54 — 59 ; , but when 

rilied by distillation in a current of steam it is obtained in long, 
ight yellow needles melting at 04 — 65 and boiling with very slight 
^composition at 263 — 204\74u mm. (Found : C = 64*9: H— 6*1. 
I’alc., C - 05*1 : H — 0 0 per cent.). It possesses an extremely 
iragrant odour, much more pleasant than that of o-vanillin, and is 
icadily soluble in organic solvents, but slightly soluble in water, 
[he aqueous solution being distinctly yellow*. The substance behaves 
ke many other derivatives of salieylaldehyde; for example, it is 
olatile in steam, its alcoholic solution produces an indigo-blue 
Dloratum with ferric chloride solution, and it is easily converted 
a scarlet p-nitrophenylhydrazone. 

5 W i/ro- 2 - hydroxyl - et h ox y be n zalti ( h ydc (XX).-3-Ethoxvsalic Y l- 
is nitrated in acetic acid solution with a # slight excels of 
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nitric acid under the conditions described in the nitration of 
o- vanillin. 3-Ethoxysalicylaldchyde is less soluble in acetic acid 
than o-vanillin, and therefore 9 grams are dissolved in a compara- 
tively large proportion (75 c.c.) of acetic acid, from which 0 grams 
of the nitration product crystallise on standing. It is perfectly 
pure, melts at 158°, and a further 2 grams can be isolated by dilut- 
ing the filtrate with water and crystallising the precipitate from 
alcohol. This substance consists of small, light yellow crystals 
closely resembling the nitration product of o-vanillin (Found: 
X - 6-7. t’,H,0 4 N n ' = 0 0 l >er 

a.yi!ro ' 2 -mtthai!i-'i-flhoxyben:aldehyde (X\ II).— The above 

nit roethoxysalicy laldehydc is methylated by boiling with silver 
oxide and methyl iodide in chloroform, the reaction being complete 
in one hour. The yield is almost quantitative and the mcthylation 
product separates in very light, colourless needles melting at 118 , r 
(Found : 0 - 53 4 , H - 4 9. <’ w H„0 4 N require* (' = 533; 
H — 4 9 per cent ). No trace of an indigotin derivative is obtained 
bv the action of acetone ami sodium hydroxide solution on this 
nitrohenzaldchydc derivative. In order to examine the effect of 
sodium hydroxide solution the substance (01 gram) is boiled for 
five minutes with 2.Y sodium hydroxide solution (8 c.c.), when a 
deep yellow solution is rapidly formed. The liquid, after being 
cooled", diluted, and filtered from unchanged substance, is acidified, 
when a light yellow substance at once separates. On crystallis- 
ation from ethyl alcohol, the precipitate is obtained in very light 
vellow crystals melting at 138 , and at this temperature when mixed 
with the original nitna-thoxysalicylftldehyde. Hence dimethyl- 
ation and not dcethvlation is the main result of boiling this nitre- 
methoxvethnxvbeiaaldchvdc with sislium hydroxide solution. 
This fact is very strong evidence in favour of the formula adopted, 
and the evidence is still further strengthened by the behaviour 


,,f the convM*>mlin*: aciil. 

Xitro-'l-mfthojtj-'.l-i thox yt» n zoic J ( id (XXI)-— ■ I hr a °u 

nitmmrthoxvt‘tht>xylK*ii7.ttlth hYiU‘ d 1 grains) » uhM 
with a slight excess of p..ta*.ium (sTmanganate solution mt 

presence of .sulphate exactly a* w*cn «■< 111 ■ 

pa ration of bromo-o-veratne acid (p. I3H7). A small a. non d of tte 
aldehyde remains unchanged and U* gram of 
177- is pr<Klm.sl. This acid is very sparingly soluble m 1 
so much so that when a cold, fairly dilute aqueous "d«d.^ 
of its salts is acidified, the and is precipitated so ■ I ^ ^ 
ap|s ar amorphous to the naked eve. ♦ ' ,in » 1 • ^ ^ ^ 

hot water, in which it is moderately soluble <> , filing 

cent, ethyl alcohol, when it is obtain.-.! ... «Jnurir» i"««* 
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at 177° (Found-: equivalent = 241. O.Jt o v . ' 

lent = 241). 'This acid give* no coloration with ^aZuTakfr ‘ 
ferric chloride solution. • ^ alcoholic 

5 Mro-2 hydroxy.2.ethox>jbcnzoic Acid (XXII) - j xitr 2 
oxy-3-cthoxy benzoic acid (0 5 gram) is boiled with iv‘s«|Lu ' 
oxide solution (75 c.c.), when a deep orange co.oration fcjKJ 
duced. After ten hours,* the solution is cooled, filtered from , tL 
of floeculent matter, and acidified with hydrochloric add when an 
acid (03 gram) melting at 205* is formed. 5 -Xitroifodroxl 
‘3-dhoxybenzotc acid consists of colourless needles pos'-essine a 
metallic sheen and sparingly soluble in cold water Attenuated 
purification does not alter the melting point of the acid first ore 
cipdated. The acid when treated with aqueous alcoholic ferric 
chloride solution gives an intense brownish-violet coloration which 
rapidly becomes brown. The analysis shows lhat the methoxy 
and not the ethoxy -group has been hydrolysed (Found- 

i-« 47 w “ = 41 : equivalent = 220 . C 9 H 9 0 6 X requires C = 
4,-6; H = 3 0 per cent; equivalent = 227). The equivalent is 
determined by direct titration of the acid with sodium hydroxide 
solution until a permanent orange-red solution is formed This 
coloration is due to a trace of the disodium salt, and such a solution 
leposits large quantities of sodium b-nitrv-i.kydroxy-Uthoxy- 
cnoalc in clusters of colourless needles very sparingly soluble in 
■old water. 


Preparation of 3-Ethoxysalicyl- 

■Idehyde (16 6 grams) is dissolved in methyl aleohol (80 c.c.) and a 
>art of a solution of sodium hydroxide (5 grams of XaOH in 15 c.c. of 
‘ater) added until the yellow sodium salt separates from the boiling 
uethjl alcoholic solution. Methyl sulphate (10 grams) is at once 
dded and the mixture boiled until the yellow colour disappears, 
he remaining sodium hydroxide solution is now added and also 
further 6 grams of methyl sulphate ; after the reaction has gone on 
3r a short time, the colour of the product can be changed from 
ellow to a singular green and from this back to yellow by alter* 
treatment with minute quantities of methyl sulphate and of 
^dium hydroxide solution, respective!}'. The reaction is now 
omplete, the time required being about half an hour. The yellow 
3 u ^ on is allowed to cool and diluted with water, when the desired 
^thylation product separates as thick, colourless crystals (m. p. 
in a yield of 13 grams. 

- ^Pthoxy-Xcthojysalicylaldifu/th can be recrystallised from 

j P 10 c 'bangt? in colour probably shows that tin' reaction is almost eom- 
* 6 10 a ^ cw minute**, but the reaction was allowed to proceed for ten hours 
V01 un ^ Possibility of tho presence of un changed acid. 

' 3h* 
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methyl alcohol and is slightly soluble in water, from which it separates 
in colourless needles melting at 45°. It is volatile in steam, has a 
burning taste, and when hot is extremely pungent and sternut- 
atory, but is much less objectionable when cold (hound : 0 — G(j‘4; 
H = 6*55. C 10 H 12 O 3 requires C — 66*7 ; H — 6*7 per cent.). 

Nitration of 2 - M ethoxy ^ethoxy saUcylaJdehyde. — At least two 
isomerides are produced in this experiment. When the nitration 
is carried out with excess of nitric acid (d 1 '42) at the ordinary tem- 
perature in the usual way and the nitration liquid diluted with 
water, the substance obtained melts at about 85° and produces 
a small amount of an indigotin derivative when treated with 
acetone and sodium hydroxide solution. One of the isomerides 
produced in the nitration is sparingly soluble in cold concentrated 
nitric acid, and advantage can be taken of this fact to isolate it 
in a pure condition in the following way. 2-Meth<ixy*3-ethoxy- 
salicylaldehyde (5 grains) is added in small quantities at a time to 
nitric acid (20 c.c. ; d 1*42) at 10 20° with stirring. Even before 
all the aldehyde has been added, fine, silky needles begin to separate, 
and when the reaction is complete the product is cooled to d J , 
filtered, and the precipitate dried. This substance weighs 24 
grams and melts at 113 — 118 J ; it crystallises from methyl alcohol 
in colourless, light needles melting at 11^*5'. It yields no trace 
of an indigotin derivative when treated with acetone and sodium 
hydroxide solution, and is shown to he identical with ■> nitro- 
n-met hoxy-3-ct hoxy benzaldehvde (p. 1588) by the method of mixed 
melting points. 

5-Nit ro-2-methoxy-3-et boxy benzaldehyde undergoes no change 
of colour or melting jxjint when exjH>>cd in pure acetone solution 
for twenty-five hours to ultra-violet rays from a powerful mercury 
lamp. On the other hand, the well washed nitration product 
(m. p. 85') obtained by precipitation with water rapidly becomes 
greenish- blue when exposed to ultra-violet rays under the some 


conditions. 

When the nitration product (rn. p. S.V) is oxidised with potassium 
permanganate solution, only two acids can be isolated. I he} are 
separated by crystallisation from water, the less soluble consisting 
of needles melting at 177 and identical with ;>*nitro--*nitt wxt 
3 -ethoxy benzoic acid (p. 15 * 9 ). 1 he more soluble «u id niut. * 

157’5° and is apjktrcntly identical with the lower-uie tmg ati 

obtained in the nitration of 2-methoxy-3-cthox\ benzoic <ui 

below). Since the nitration product- of 2-inctliox}--^ 1 ^ 
benzaldehyde can be partly converted into an indigotin^ 1,1 
ami has been shown uInac to consist partly of..»*nitu> - 1 ‘ 

3- e t ho xy 1* nzaldehy de, and since, on the other ham . I 11 11 
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product can be converted by oxidation into two acids only, there can 
be little doubt that the more soluble acid melting at 157*5° is 
gnitro- 2 -methoxy -3-ethoxy benzoic acid. Conclusive evidence of • 
the constitution of this acid will shortly be advanced. 

2 Jf dhoxy -Mhoxy benzoic Acid (XXIII), —This acid is not formed 
in good yield from the corresponding aldehyde by oxidation with 
the theoretical quantity of potassium permanganate in water or 
acetone, a considerable quantity of unchanged aldehyde being 
left The following procedure is fairly satisfactory. 2-Methoxy- 
3 ethoxybcnzaldchyde (5 grams), suspended in boiling water (40 c.c.) 
containing 8 grams of potassium carbonate, is gradually treated 
with a hot solution of 5 grams of potassium permanganate in 50 c.e. 
of water. The permanganate solution, which is in large excess, is 
decolorised in about half an hour, although some unchanged alde- 
hyde is still present, as is shown by the pungent smell of the hot 
liquid The reaction liquid is filtered hot, and the filtrate cooled 
and kept, when a small amount of unchanged aldehyde separates. 
This is filtered off and the clear solution acidified with hydrochloric 
acid, whereupon the desired acid crystallises out in a yield of 
3o grams Z-Methoxy-Mkoxybenzoic acid consists of sparkling, 
colourless/ compact crystals melting at 59 s , and moderately soluble 
in cold water (Found: equivalent - 194. C 10 H 12 O 4 requires 
equivalent - 196). This add has a remarkably low melting point, 
which is not altered by repeated crystallisation. 

X it ration of ethoxy -Mhoxybenzoic Acid- As shown m the 

course of some preliminary experiments, the nitration of 2-methoxy- 
3-ethoxvbenzoic acid results in the formation of two monomtro- 
derivatives which differ considerably in their solubility m water 
and in dilute alcohol, and still more in their rate of separation from 
water. After various experiments on the latter property, it was 
found that a rough estimation of the amounts of die two amende* 
may be carried out thus: 2.Metlu»xy.3-ethoxybeii 2 oic acid l 
grams) is dissolved in concentrated nit lie acid (-0 W> 
the temperature being maintained between 15 an JJ . 
few minutes the nitrated acid begins to septate m needles and the 
nitration mixture' is immediately thrown into 150 £•*’• 0 c ° 
and filtered from the precipitated arid at once. rhe ‘ ,f ' 

tr, tly amorphous precipitate, winch is, lwuetcr, “ 

the microscop, is well washed with water and dried at UlO.whe 
it weighs 1-2S grams and melts at 173—177* (hound: X ==-»• 
Ode. for C w H„0 6 X, X - :V8 per sent.). Tins aeul » ^nttul 

with 5-nit ro-2-mct boxy- 3-et hoxy benzoic acid shown by th 

method of mixed melting pints. 1 he filtrate— o 1 



i ) ay iks : substitution in Vicinal 


1592 

prisms (0*50 gram) melting at 157-5' are gradually formed. The 
filtrate after concentration in a vacuum to 75 c.c. deposits a mixture 
of acids melting at 142 — 157° nn<l weighing 0*35 gram. This mix- 
ture has not yet been completely separated into its constituents. 
The experiment shows, however, that in the nitration of 2-mcthoxy- 
3-ethoxybcnzoie acid the nitro-gruup chiefly enters the position 
met a with respect to the carboxyl group. 

6( \)‘XitrO‘-‘mi’thory-ll-ethoxybvnzoic Acid (XXIV) melts at lo7*o° 
and Ls easily distinguished from the isoim-ride occurring with it, 
both by its greater solubility in water anil alcohol, and also by its 
appearance. It is beautifully crystalline, some of the prisms 
being half a centimetre in length, and hence this acid is easily 
differentiated from the isomeric 5-nit ro-2* met hoxy-3-elhoxybenzoic 
acid, which consists of minute needles. fi-Xitro-2-methoxy- 
3-cthoxy benzoic acid (Found: equivalent — 240. FjoH^C^X 
requires equivalent 241) is apparently identical with the more 
fusible acid of the two formed by the oxidation of the nitration 
product of 2-methnxy -3-ethoxy bcn/aldchyde (p 1591). 

[from i nation of 3 • Ethoxijso ( i ajbiUi* h >jdr . 

The broiuination of 3-ethoxysalicylaldchyde with the calculated 
quantity of bromine in acetic acid solution does not proceed 
smoothly, owing to the formation of considerable amounts of a 
colourless, crystalline substance melting above 250". This product 
is sparingly soluble in acetic acid, methyl alcohol, or acetone, but 
can be conveniently reerystallised from ethylene dibromide. The 
sparing solubility and high molting point indicate that this substance 
is an anhydm aldi hydr (or a bromine derivative) of the type in- 
vestigated by Hupp and Beyer {lo*\ fit., p. 379), The formation of 
this substance can lx* entirely avoided by carrying out the reaction 
in the following way: 3-Ktboxysalieyla!dehyde (3 grams) is dis- 
solved in glacial acetic acid (25 c.c.) to which 5 grams of powdered, 
f reshiv fused -.odium acetate have been added. I he suspension is 
continually stirred and gradually treated with bromine (3 '0 grains) 
in glacial acetic a. id (fi c.c ), the temperature being maintained 
U tween in and Jn . Tin product Is paired into water and the 
.solid collected and cry •'tallied from alcohol, from which - 5 ^rani. 
of the pur*? bromine derivative separate. 

o~Brotno-2‘h!pir'K>!/-%rthof}/UnzaldthifP. consist* '»{ yellow nm 
melting at 94 , very soluble in hot and sparingly solube n 1 
cold alcohol. The alcoholic solution (lives a blue colonw® 
with ferric chloriac solution, and a red, crystalline 0 ir, '“ ' 

Wiith an anurous alcoholic solution of /.-nitrophenylliydran 

hydrochloride. 
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5 - BrO)na-'2, - mttkoxy- %-dk oxybt'nza Idefujdr is produced in almost 
quantitative yield by methylating the above phen olid substance with' 
methyl sulphate and sodium hydroxide solution in methyl-alcoholic . 
solution. It is readily soluble in hot and sparingly soluble in cold 
ethyl alcohol, from which it crystallises in long, colourless needles 
melting at 95° (Found : Br - 31*0. C 10 H u O 3 Hr requires Br = 30 0 
per cent.). 

Bromi nation of 2 - .1/ ethoxy - 3 • rthoxyU nzaUkbjdp—2- Methoxy- 
3 -ethoxybenzaldohyde (3 grams), dissolved in cold glacial acetic acid 
(20 c.c.), is treated with bromine (30 grains) in 4 c.c. of glacial 
acetic acid. A small amount of heat Ls evolved, and the tempera- 
ture is maintained at 10 — 20 * for three days, when colourless needles 
separate. The reaction product is diluted with water and the 
precipitate crystallised from ethyl alcohol, when 2*55 grams of 
j.bromo- 2 -methoxy- 3 -ethoxybenzald« hyde an* obtained in colour- 
less needles melting at 95. The melting j>omt is unaltered when 
the substance is intimately mixed with tie* bromomethoxyethoxy- 
knzaldehvde obtained by the nicthylation of the broinination 
product of 3 -ethoxysalieylaldehydr. M» •reuver, the bromomethoxy- 
ethoxybenzaldehydes formed by both processes give identical 
mononit ro-derivatives. , 

X it ration of 5-/bw/io-2 - fto thoxyAVi thoxyhr i\:o{d<hy<h :. — This sub- 
stance (0-73 gram) is slowly added to nitric acid (2,3 c.c.; d 1*42) 
and complete solution is finally attained by uarming to 35 . The 
nitration mixture after standing half au hour is poured into water; 
the product crystallises from alcohol in very pale yellow needles 
melting at 128’ (Found : X 4*4. r i 0 H 10 O 5 XBr requires X = 4*6 
per cent.). This nitre-aldehyde. when treated with acetone and 
sodium hvdroxidc in the wav described on p. 1585, is rapidly and 
almost completely converted into a munificently coloured mdigotin 
derivative. 


The author has pleasure in acknowledging his indebtedness to 
Professor W. H. Perkin, F.R.S.. f<ir a supply of 3 -cthoxysaheylalde- 
hyde, and to the Ramsay Memorial Fund. 


ThkJJvsos Perrins La non Atom . 
8<ii;Tit Parks Roam. Oxforp. 


fra , re/. April Mh, 1923.] 



1 594 THOMPSON : THE ULTRA -VIOLET ABSORPTION 

OLXXVIII . — The Ultra-violet Absorption Spectra of 
Eugenol and koEiigenol 
By Gartha Thompson. 

In a paper by Crymble, Stewart, Wright, and Glondinning (T., ljm 
99, 451), it is stated that 44 of two isomeric substances containing 
two or more double bonds, the compound the molecule of which 
contains the longest chain of conjugations will have the greater 
absorptive power in the region of the spectrum above that in which 
any absorption bands make their appearance.” 

Fio. J. 

OtriHufion frequency. 

2500 2031 2777 2941 3125 

0*015 

0014 

00 13 
•HU 2 
0011 
^ OillO 
'C 0-000 
£ 0 0*1 s 
I *>007 
Z tVUOO 

£ <HKW 
*)-00* 
u-003 

OOOJ 

owl 
(> 1*00 

4o"*> 300*} 3400 32**0 

SYv'l'fuyX 

The method used by these workers was, however, not such as 
to enable a quantitative »tatement of the absorbing jxiwers to be 
made. The following w**rk was undertaken with the view nf 
obtaining figure* for this properly of eugenol am! Morugenol. 

The apparatus eonridrd of a Hilger quartz spectrograph, size hj 
(formerly known as size c), a L u is photometer (T., 1919, 115, 3121 
and **>nden*ed spark between nickel-steel electrodes. 
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III order to *tudy the general absorption, solutions of knowrt 
and approximately iV/20 strength of eugenol and isoeugenol were, 
made with absolute alcohol, and the effect of absorption by the 
alcohol was eliminated by placing an absorption tube in each of ‘ 
the two paths of light, one being filled with the solution and the 
0 tlier with the pure solvent. 

The method of taking the spectrograms was that described by 
^ Judd Lewis (Rroe. Royal Hoc., 1910, [B], 89, 327). The experi- 
ments were done in duplicate and the curve was drawn through the 
mean values. In the main, the agreement was quite satisfactory. 

The results for wave-lengths 4000 to 3320 are shown in Fig. 1, 
where extinction coefficients are plotted against wave-lengths; 
oscillation frequencies corresponding to a few wave-lengths have 
also been added to facilitate compaiison with the former work. 

. log I T . j . , 

The extinction coefficient w the quantity ^ , where l is the 

initial intensity of the light, V the intensity after traversing the 
absorbing solution, c the concentration in milligram-molecules per 
litre, and d tlm length of the tube in centimetres. 

Oil examining the plates, it was found that the limits of complete 
absorption under the conditions of working were 32(H) for eugenol 
and 3300 fur i’soe ugcnol. At the wave-length 3300, isoeugenol 1ms 
therefore the greater absorptive power, as is to he expected from the 

law quoted above. 

When, however, other wave-lengths are considered, it is found 
that the law hr no means always holds good, for. as shown in Fig. 1 
am) Tahir 1. in the region 4000 to nearly 33on eugenol and not iso - 


Tawi.k 1 


:u.w owns . o««»2s 

• Th, ™tinc«ta» «. ».« <■»'*• " f^rv 

ami these for the region 332.> *•> 3 <m 0 lr,,lu ^ ’ ‘ r ( . urvC3 ar6 
much larger scale tlmn Fig. 2. the valors taken norn tl» * 
much mure art-urate than thus** taken trum tig. -• 

eugenol has the greater absorptive l^wer* it l& ^ cessar y 

that the curves must cross. Since this i> so, u\u u * y 

iu applying the Orymble, Stewart, Wright, and Glendmmng «*. 
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in the case of eugenol and woeugenol, it applies only at wave-ion^ 
between 3320 and 2380, but does not do so in the other regions of tfo 
spectrum studied, although these are even more remote from the 
region of selective absorption than that considered by the fomi tr 
workers. 
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The bands were aUo photograph**!, with the results shown in 
Fig, 2 and Tahir 11 fn order to obtain th«>e, very much weaker 


Table U 

Kij jj* • f h ■ 1 . » jf '> Kiig'-nvl. 

Crjmtit' A Pr»’»*«nl I'rynild** A F’lvst-rit 
> ?>. workers. ».>rk. « n-wofk*TH. work- 

UW.I.-ngth «>f of Uu*l. 2 h3*» 2S2o ? -'iEU 

W«>v length of foot of t*w>,J. 252*1 2530 2lun 237" 

solutions were necessary ; concentration* of approximately hitNti.l 
being required in th< ea.se of eugenol and IHUMMI-W in the cn >co\ 
MO»ugenol. 
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Thc absorption is in the main very much greater f« r tsocugenol 
than for eugenol; this is particularly noticeable in the re gj on of • 
selective absorption. 

As shown in Fig. 2, the curves cross at wave-lengths 3320 and 2380 
and therefore at both ends of the spectrum eugenol has the greater 
ibsorptive power. 

The density of the eugenol and Moougenol was d)jj: 1*0746 and 
l *0897, respectively. The figures were obtained after the samples 
had been distilled under reduced pressure : both substances were 
nearly colourless. Water was proved to he absent by means of 
anhydrous cop|#*r sulphate. 

Summary. 

The absorptive ]*>wers in terms of extinction coeflieients have 
been found for eugenol ami fyoeugencl in the region 4000 to 2300, 
mid the ratio of these [Movers has been calculated over the region 
31UU to 3630. 

It hits been shown that thr rule connecting absorptive power 
and number of conjugations may be reversed in certain portions 
of the spectrum, although these portions may be far removed front 
those in which selective absorption occurs. 

The selective absorption of these compounds has also been studied 
and the effect of the number of conjugations has been found to be 
particularly great in this region. 

5, INTERNATIONAL MaSKMNS 

Hitiii Street, Kccjijv. 7*V< Irc.l, April Hi///, 1923.] 

CLXXI X . — The Properties of some Silver Organosols. 

By John Kenneth Giles and ('veil Sebastian Salmon. 

Comparatively little is known about the stability and constitution 
of colloidal solutions in lion-aqueous dispersion media. This is due 
largely to the fact that so many of the sy.>tems studied have been 
:of unknown chemical constitution, and that where more simple 

[ stems such as metalhe aleosols have lxt'ii investigated sufficient 
tention has not been directed to the conditions obtaining during 
id formation of the sol. In most eases, quite large quantities of- 
nkuown impurities have hern present. 

The stability of hydrosols has been slnovn to be due either to 
uue process analogous to ionisation (the proteins, soaps, etc.), to 
io adsorption of ions from an electrolyte present in the system 
hottermoser’s silver halide sols), or to some process which ma^ 
e considered intermediate between the two. The investigation 
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described in this communication is an attempt to determine how 
far the stability of silver organosols is due to such phenomena, 
Silver sols in alcohol have been investigated to a considerable 
extent. The method of preparation most frequently used has been 
the arc dispersion method* the presence of reagents necessary for a 
reduction method thus being avoided. On tho other hand, a certain 
amount of decomposition of the medium is inevitable. Carbon and 
tarry impurities which have an unknown effect on tho stability of 
the sol are always produced, sometimes in considerable quantities. 
Sve<l berg (“ Formation of Colloids,” p. 25) has carried out an 
extensive investigation of this method. According to one arrange- 
meat of his, the arc was protected by enclosing it in a small quartz 
tube, the silver vaporised in the are being carried in a stream of 
nitrogen into the alcohol which surrounded the tube. The decora, 
position of the medium was undoubtedly reduced by this device; 
bvit a new impurity was introduced, silica from the protecting tube 
being vaporised by the arc and carried into the dispersion milium. 
As much as 40 per cent, of the disperse phase in one dispersion 
was silica. Another impurity probably present was rubber. The 
quartz tube was held in position by robber tubing. Some rubber 
from this was almost certainly extracted by the alcohol or other 
solvent, such having been found to be the ease during preliminary 
experiments in this investigation. 

Silver alcoaols have been obtained by other methods giving purer 
products, still, however, containing unknown impurities. Thus 
Svedbcrg (up. cif., p. M); Kottoid Z., HHO, 6, 12D) has obtained 
silver aleosols by eMmlyds and with the uh- of A' -rays. Xor- 
densott (Kolloi'i Z., UMl, 7, Id) has 4<uti that in all these casts 
an intermediate eoinjxiund is formed Ih-Iwitji the silver and tlic 
alcohol. The sol then-fore always » onlains this unknown compound, 
Burton C’ Physical Properties of (Vllnidal Solutions;’ p. 14>) 
prepared sots of varion* metals in aleolml and ethyl maionate, using 
the arc di^a-twimi method. Hi* *ols were probably rather impute. 

From the work of those investigators ii ap|ft«i* probable that 
stable silver sols cannot be prepred in the pure state, ami that, 
as in hydro* ds, the presence of some stabilising agent is essential 
The first object of the investigations here recorded was to deter- 
mine the nature and concentration of the stabilising agents nemsary 
‘to give stable sols. Ik-fore doing so, in view of the nature d vat 
apparatus used by SvedU-rg, it was thought advisable to itflfim 
Burton s faults as to the instability of pun* silver alcosok 
The apparatus used, shown in the tigure, is a nuKliheatieti o 
SvedU rg s ene hiscd arc apparatus. In this case, neither the are 
flor the alcohol comes into contact with anything but silver. 
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silver tubes are 'soldered together, one in front of the other in the 
form of a cross, their interiors communicating through a small 1 
hole. This Cross was soldered to a cylindrical cooling jacket as 
shown. Two brass T .pieces fit tightly in the ends of the horizontal 
silver tube. Glass tubes carrying silver wires are fixed inside these 
T-picces by rubber bungs. The vertical silver tube is fitted at 
the bottom with a brass tap, silvered inside, and at the top with 
an ordinary cork and outlet tube. The nitrogen is led in at the 
side tubes of the brass T .pieces, passes through the small hole in 
the two silver tubes, carrying the silver vapour with it, and bubbles 
up through the alcohol, which is placed in the vertical silver tube. 


Fig. 1. 



Tho arc was operated by hand : about C amperes and fit) volts 
were used. 

Having been prepared in this apparatus, the sol was ri j n ° 11 m 0 
a specially cleaned test-tube, and observations of its sta i 5 
made ’for about* ft week. A large number of sols were prepares 
with absolute alcohol, aqueous alcohol, and alcohol containing 
various slight additions as dispersion media. . 

In absolute alcohol, no stable sols were 0 tain » u 
results thus being confirmed. The addition of a out a per c 
of water before dispersion resulted in practically even in . , 
production of a stable sol. It is impossible to a>ce ai 
greater accuracy the concentration of water necessary a B 
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stability, since it is extremely difficult to distinguish between a 
slowly settling precipitate and a moderately stable sol, 
criterion of stability employed was the absence of Sedimentation 
after two days. Stability also depends on other uncontrollable 
conditions, for example, concentration. The percentage of water 
is quite large and the mechanism causing stability is probably the 
same as in ordinary aqueous sols and is ionic in nature. 

In water as solvent, the most efficient stabilising ions am the 
hydrogen- and the hydroxyl-ion. The effect of small additions of 
acid or alkali was therefore investigated. Caustic soda, aniline 
ehloroacetie acid, and stearic acid were added in small amounts 
and found to have no effect. Svedbrrg states (A'orti Acta Hoc 
Sci., IffOT, 2, No. 1) that sols of such metals as silver in alcohol 
can be stabilised by the addition of bronmljenzeno. The Ulition 
of 0*8 per cent, of t his. compound was found to have no stabilising 
effect on sols prepared in this apparatus. Tin* stabilising effect 
obtained by Svedberg was probably due to decomposition of the 
bromobenzene, some couqioumi of silver being formed. 

From this it appears that the ions most effective in stabilising 
aqueous colloids have no corresponding effect in alcohol; also 
that the effect attributed to bromoUuttene is not real. On the 
other hand, in preliminary experiments it was found that when the 
solvent came in contact with rubber stoppers or tubing, stable 
sols resulted. This effect was quite definitely shown to be due to 
the presence iff rubber, thus proving that these sols can lx* protn*t«l 
by even small quantities of colloids iff the eimilsoid type. 

S\{t»r S*>h in Stmric .lei//. 

As a result of the prefMimtion <»f certain sols by the are method 
Hurton {op. rit., p. 1 .’> l ) considered that only substances containing 
a mobile hydrogen atom could give stable sols of mjcIi nn*tal> a* 
silver. He suggested using organic acids, but did not carry the 
investigation any further. Assuming lux vhw to Ite correct. it 
appeared to the authors that the most convenient substance to 
use would lx* an acid of high molecular weight, An attempt was 
therefore mad** to prepare silver sol* in stearic arid. The apparatus 
already de^-rilird was m>t fuiiml convenient for tins pur|**v. If 
a sol of silver in *t curie acid can exist, it should lx* formed k 
reduction of silver ->t**arat«* in stearic acid with hydrogen- -an 
extension of KnhUehuttern method *ff preparing silver Imlrvnk 
This method is superior to an are di-qx-rsiou methcxl, as thvoni- 
position of the medium is prevented. 

Preliminary experiment* tiding silver oxide in place of direr 
stearate indicate! that a sol was formed. Reduction ttxik 
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slowly at 100° and rapidly at 180°, a rod liquid being formed in’ 
each case. Ultramicroscopic examination of this red substance ' 
showed the presence of a large number of line particles. In all 
subsequent work, silver stearate was used. It was prepared from 
silver nitrate and stearic acid by double decomposition in alcoholic 
solution. In the latter part of the work, ammoniacal silver nitrate 
;vas used. The percentage of silver in the silver stearate was found 
to be 27*50, compared with a calculated value of 27*58, 

When prepared from pure stearic acid, silver stearate is colour* 
less and stable to light. Impure stearic acid gives a product 
which rapidly turns violet on exposure to light. Below 100°, 
silver stearate is almost insoluble in stearic acid. Above 100°, 
the solubility increases rapidly; thus, at 83' and at 180°, the solu- 
bility is about 0*005 per cent, and about 50 per cent., respectively. 

Jinludioa with Hydro/jui. 


When hydrogen was passed through a solution of silver stearate 
in stearic acid at 180% the solution rapidly turned dark red with 
a beautiful purple or blue sheen, and also began to froth. After 
hydrogen had been passed for some time, the colour of the sol 
changed from red to dirty mustard colour and finally became 
frrey. This grey mixture settled completely when the current of 
hydrogen was stopped. 

It seemed probable that the sol of silver in stearic acid is 
stabilised by silver stearate, and becomes unstable when the last 
trace of this is reduced. To test the accuracy of this hypothesis, 
analyses were made to determine the course of the reduction. 
Portions of the sol were removed at intervals and weighed, the 
stearic acid was extracted with but absolute alcohol, and the 
mixture of silver stearate and silver weighed in a Gooch crucible. 
The total silver was then estimated by solution in nitric acid and 
titration with ammonium thiocyanate. hen silver stearate is 
dissolved in stearic acid at 180', the solution turns somewhat 
orange. It was thought that this might indicate some decom- 
position of the silver stearate, but an analysis of such a solution 
showed the presence of IH15 per cent, of the quantity of silver 
stearate dissolved, and therefore very little decomposition had 


taken place. 

The results of one reduction experiment are as follow . 

Stearic acid, 40 grams; silver stearate, '2 gratis , tempt ratine 8 

r i« , 10 10 23-5 

Ttino (hours) /> J. , . gl . 2 100 

j. After twenty -three hours, a change was observed in tin sol . the 
(colour was grey and frothing had ceased. After tw # enty - our hpuu, 
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the stearic acid, when solidified, was as white as the original stearic 
acid. These results indicate that a very small amount of silver 
stearate is sufficient to stabilise the sol, hut that this small amount 
is essential. Very much more concentrated sols than this can be 
obtained. One was prepared which contained 10 per cent, of free 

Electrical Condition of the 1 articles. 

As there now seemed no doubt that the red mixture did consist 
of a silver sol in stearic acid, experiments were made to determine 
if the particles were electrically charged and, if so, the sign of the 
charge. Four eataphoresis experiments were carried out at about 
80°. ^ Only slight and variable changes in the level of the sol were 
observed. In order to increase any slight effect that might have 
been produced, a much smaller U-tul>e was then used, the distance 
between the electrodes being only fi cm. This again gave a negative 
result. 

As no motion was observed in the eataphoresis experiments] an 
attempt was mm made to find if the medium and the sol would 
conduct- at all. It was found at once that the conductivity was 
far too low to lx- measured by the method ordinarily used lor 
aqueous solutions. A direct -current method employing a mirror 
galvanometer was therefore used. With an K.M.F. of 200 volts, 
measurable although very small detection- were obtained. The 
specific conductivities of pure stearic acid, of a solution of silver 
stearate in stearic acid, and of the sol were measured and found 
to ho of the same order, about 2 X lo “ ree. ohm. 

Kd-er ("Fourth Rep-wt on Colloid t hem ." fi. examined 
two colloidal solutions in non-conducting media, rust in paraffin 
and stannic oxide in toluene, and observed no eataphoresis. lie 
assumed, then-fore, that the particles were uncharged. 1 his does 
not necessarily follow. According to Helmholtz. (Memoir of the 
London Physical !**•., 1***1. eataphoresis ami rmh.sluo.-is ran 
only occur in a liquid which conducts electricity. If re- 

ticles, suspended in an insulating medium, are subject. d t- an 
electric field, a displacement of the components of the double 
electric laver will take place; but it will stop at a point where be 
attra tioii” bv the external field is balanced by the attraction 
■ between the two lavers thom-clvcs. The fact therefore tha a 
does not show eataphoresis docs not prove the al--ei.ee of an 
charge. If the two electrically charged layers are perf«tl> - 
metrical, no displacement at all will take place when the 
field is applied. It i- also possible that a double elect , L>«« 
might lx- formed, the two charges residing in the extraun. .» 
pit, m- -teen!.: .such a., silv-r stearate Conduct.vits d.tumm 
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ations, on the otficr hand, show definitely that if there is any eharve' 
it is not due to the adsorption of ions and therefore that the 
stabilising effect of silver’ stearate is not similar to that of ferric 
chloride on a ferric hydroxide sol. 

Surface Tension and Viscosity, 

As previously mentioned, it was noticed that when a mixture 
of stearic acid and silver stearate was being reduced with hydrogen, 
after about five minutes or less a froth of very stable bubbles was 
formed. This frothing continued until ail the silver stearate had 
been reduced and the sol became unstable. It therefore seemed 
probable that the silver stearate lowered the surface tension of the 
stearic acid. Measurements of surface tension were made and it 
was hoped that if the effect was sufficiently great the surface tension 
might be measured from time to time during a reduction, and the 
relation between composition, surface tension, and the stability of 
the sol investigated. At tire same time, it was thought of interest 
to see if the viscosity of the stearic acid was affected by the presence 
of silver stearate or silver sol. 

The surface tension was determined by the rise in a capillary 
tube at 138°, this temjrerature being maintained by means of 
boiling xylene. The results obtained were : 

Surface 

tension. Density. 


Stearic acid 22- T 0-S019 

Stearic acid -j- 2°,’, »ilv<-r steam tv 22-0 <>$070 

Silver sol in stearic acid 21 o (0-8070) 


These results show that the presence of 2 per cent, of silver 
stearate does not appreciably lower the surface tension of stearic 
acid. Xo accurate value could be obtained for the sol, owing 
}K)ssibly to the silver being deposited in the capillary tube. A 
considerable lowering, however, was observed. 

The viscosity determinations were made in an ordinary Ostwald 
viscometer, heated in a bath of the vapour of boiling xylene. The 
reading for jam* stearic acid was first taken and then silver stearate 
was added to give a 2 per cent, solution. Headings were taken for 
this solution, which was then reduced in the viscometer with a current 
of hydrogen, and the time of llow of the sol noted. The following 
results were obtained : 

Tin it- uf How 


'lVm |>f raturr Ills . 

( mins. ). 

Density. 

id. 

Si far k* livid 

17‘Ki 

0-S010 

144-0 

- Ml o silwr atvrtialf 

is:to 

0*5070 

147-7 

iMlvvr sgl .... 


(0-8070) . 

144 4 


It will be observed. that t </, which is proportional to the viscosity, 
is slightly increased bv the addition of 2 per cent, of silver stearate. 
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This increase, about 3 per cent., is more comparable with tJiu 
increase produced by crystalloids than by colloids such as soa 
in water. The silver sol is seen to have practically the 
viscosity as the pure medium. 

Stability of the Silver-Stearic Acid Sol to Change of Solvent 

The behaviour of the sol when its dispersion medium was changed 
from stearic acid to a solution of stearic acid in various solvents 
was investigated. The following results were obtained when 
approximately equal weights of the sol weir .dissolved in the same 
volume of the solvents : 


Solvent. 

Paraffin wax 

Ligroiu i 

Hexane 

Toluene ) 

Benzene 

Xylene 

Ethyl alcohol 

Amyl alcohol 

Amyl acetate 


Ether 


Vuilo stable. 


Stable. A 
formed. 


slight black deposit 
Stability greater than 


Unwhirtllv 
I t days: 


Fairly stable. Settled coinpM<lv iu 
iiwk. Hlaek npt. 

Settled completely in l day. Black pnt. 
Settled in a few minutes, Black npt/ 

S* .-tiled in l day. Ked ppi. 

Deep red is»l. Very upmjuo and stable. 
Slight lilaek dejmsit ail. r In days. This 
sol was found to In- negatively charged. 

4 hi* sol at first appeared quit.* unstable and 
a blaek dejH«ut formed. After about 
4 hours, this coagulation stopp'd and 
tin* rvinaimng nol Ut&iiic quite stable. 
It wiw found to U» negatively charged, 
rnstabh*. The sot wuM (ompletely in 
l day. The ppt. wiw white. 


These results art' discussed in the conclusion. 


( tKi/jultiiion. 

The sol coagulated when heated strongly with sodium chloride. 
Sodium sulphate had no such coagulating effect. This seemed to 
suggest that the precipitation was due to a reaction lie tween the 
salt and the silver stearate giving silver chloride and sodium 
stearate. Hydrogen chloride gas was found to coagulate the sol 
much more quickly and at a lower temperature than sodium 
chloride. Analyses »>f the sol Is fop* and after coagulation indicated 
that the hydrogen chloride rapidly attacked first the silver stearate 
and then, gradually, the free silver. It also quickly coagulated a 
solution of the *ol in benzene at room temperature. 

Silver SoIm in o(h*r l aa pernio* Mtdm. 

The method of preparing a colloidal solution of silver in ^ 
aeid^ which proved successful in the cam* of stearic acid was 
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with other fatty acids in order to find out what effect 
in the length of the carbon chain has on the stability 
sol. 

Acetic Acid. Special care was taken to dry the acetic a VI 
After being purified by partial solidification, it was heated fo 
BO mc time with a few drops of acetic anhydride and distilled" 
directly into a flask containing silver acetate. A current of hvd 
gen was then bubbled through the mixture. Induction took 1\1Z 
gradually at 80 . A brown stain was formed on the glass and a 
coarse suspension in the liquid. It was observed that soLs could 
be formed, although they were not stable, by heating acetic acid 
with silver acetate; the mixture, which was colourless initially 
became yellow, then reddish-brown, and finally green. At what- 
ever stage the action was stopped the sol rapidly coagulated 

Valeric, n-Octoic, Jjinric, Palmitic , and Margaric Acid *'— The 
silver salts of these acids were prepared by the action of an am- 
moniacal solution of silver nitrate on an alcoholic solution of the 
acid (Found: Ag -- 51-81 ; 42*92; 35-14; 29*2: 28-4 per cent 
for the respective silver salts in the order given above). 

In each case, a current of hydrogen was passed through a mixture 
of the acid with a small quantity of the silver salt heated at 100 o>i 
a reddish-brown sol was formed, most rapidly in the case of valeric 
acid. YV hen an intensely coloured sol had hcen formed (two 
minutes for valeric, ten minutes for n-oetoie. thirty to sixty minutes 
for the other acids), the current of hydrogen was stopped and the 
sol kept at 100 for observation of stability. The sol in valeric 
acid showed definite signs of coagulation in live minutes and was 
completely coagulated in about ten minutes. In the case of 
N-oetoic acid, the first signs of coagulation appeared in ten minutes, 
and it was complete after twenty-live minutes. The sols in laurie, 
palmitic, and niargarie acids were* quite stable and showed no 
signs of eoagulat ion. Frothing was observed during the production 
of each of the sols as in the case of stearic acid. 

It was desired to find the effect of substituting a phenyl group 
for the fatly hydrocarbon chain. A susjxmsion of silver benzoate 
in benzene was therefore treated with hydrogen, benzoic acid not 
being suitable as a disjxrsion medium. A red sol was formed. It 
coagulated, however, completely in alxmt an hour. 

The effect of the presence of two carboxyl groups was investigated 
m the case of sebaeie acid. Xo sign of sol formation was observed. 


('onclajiiaH. 

hrom a consideration of previous work on this subject and t>f 
file results of this research, it seems that, as a rule, ft stable organo- 
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sol can be formed only when there is present, besides the dispersion 
medium and the disperse phase, a polar compound containing 
radicles similar to those in each of the two phases. 

First with regard to alcohol : stable alcosols of zinc, tin, and 
lead have been prepared by Burton (op. ciL, j>. 147), but he could 
not obtain stable alcosols of silver, gold, or platinum. It seems 
probable that the positive metals form ethoxides or hydroxvdh- 
oxides, whereas the noble metals do not. Again, in both cases in 
which purer silver alcosols have been prepared — by electrolysis 
and by illumination of a silver plate in alcohol by ultra-violet 
light — it has been shown, as already mentioned, that some silver 
compound is formed. 

With regard to silver and stearic acid, the case i* quite clear 
At one time, the authors wen,* of opinion that in dispersion media 
in which the molecules were long chains adsorption of these mole- 
cules stabilised the sol, no intermediate substance being present 
But this is evidently not the ease. The presence of a little silver 
stearate is essential to the production of a stable sol, whilst on its 
removal the sol becomes quite unstable. This behaviour is com- 
parable in some respects with that of ferric hydroxide hvdrosols 
for the stability of w hich a small quantity of a ferric salt is necessary. 
In this case, the stability i.s definitely an ionic effect. The colloidal 
complexes acquire a positive charge, whilst the corresponding 
negative chlorine ions remain free in the liquid. Conductivity 
determinations show conclusively that this cannot Ik* the ease 
with the silver stearic acid sol, and it In comes necessary to postulate 
a non-ionic mechanism of the stabilising action of silver stearate. 
The most probable explanation is adsorption bv the metallic silver 
particles and e»*n-eqm*nt lowering of the surface tension between 
them ami the disji» r-i<»n medium. The w*»rk <>f l-angnuiir, Harkins, 
and others ban shown that, at interfaces, jwdar molecules of the 
type of stearic acid t»*nd to arrange themselves so that the ends 
of the mohrule are directed towards the phase they more strongly 
resemble. In the <a>e under con-iderntion, the silver atom would 
Ik* attached to the e«d!oidal silver particle, whibt the hydrocarlxm 
chain would be extended into the stearic acid. This arrangement 
would considerable decrease the tendency towards coagulation: 
each silver partich*. b* ing eovctvd with a layer of fatty acid, would 
IrfdtAve as a large pvxMxialod) stearic acid molecule. 

It appear* to be an established fact ( “ Fourth Keport on Colloid 
rhemistry," p. 4*J) that molecular attraction extends to a consider- 
able distance and that it is not only the contiguous niolecuk or 
atom that is affect.-d We ahould' exp-et, then-fore, that the 
stability o] an Arganiiwd of the type silver A gX dispersion in*Im« 



THE PROPERTIES OP SOME SILVER OROAXOSOLS. • ' l fi0 7 

would bo dependent on (i) tlic similarity between X and tV 
dispersion medium, and (ii) the length of the X group " 

(i ) The results recording the effect of change of medium on the 
stability of tho silver-stearic acid sol illustrate the importance of 
this factor. Paraffin wax gave the most stable sol. I,igroin and 
hexane, which still resemble the radicle C„H 35 ,, u it c closely gave 
sols nearly as stable. Of the remainder, benzene gave a ’fairly 
stable sol, and ethyl alcohol, amyl alcohol, and ethyl ether did 
not give stable sols. In the eases of acetone and amyl acetate 
ionic complications arose and stable, negatively charged sols 
if suited . 

(ii) The effect of this factor in seen in the different stabilities of 
the sol in various fatty acids. In aeetic acid, very transitory sols 
only were formed. In valeric and w-oetoie acids, sols were formed 
which quickly coagulated. In lauric, palmitic, margaric, and 
stearic acids, stable sols were formed. Benzene and silver benzoate 
gave a sol the stability of which was intermediate between those 
of the u-octoic and the lauric acid sols, 

it is impossible to say definitely whether in these solutions the 
diver salts are molecularly disjxrsed or arc* present in the colloidal 
state. They apparently show a definite solubility, which is a' 
characteristic of true solutions, but, on the other hand, concen- 
trated solutions show a tendency to gel on cooling. Very possibly 
sols sr* only formed when the solubility of the silver salt is suddenly 
reduced by cooling. The stabilising action of the salts runs parallel 
with the molecular weight and therefore with the tendency to form 
colloidal solutions, but in the very small concentration necessary 
fur stability it is probable that they are present as crystalloids as 
ill the case of aqueous soap solutions. 

It is interesting to consider one ease of protection in the light 
of this livjMi thesis. Wry stable silver, gnld. and platinum organo- 
sols can In- made by a method described by Ambcrger ( Kdloid Z 
1-H5, 11 .97, UMJ); A concentrated solution of silvernitrate is mixed 
with hinoline, and caustic soda added. The mass is left exposed 
to daylight for sunn* time, when it will dis>ulve in an organic 
sol vent, to give i\ silver organosol. Lanoline consists chiefly of 
cholesterol, ( 27 H 4& -OH, a complex alcohol containing a terpenc 
ring and the group >C ( ll 2 ; on oxidation, this yields various 
complex acids. In the preparation of the sol. the silver salts of 
these acids are formed by the oxidising action of silver oxide. 

I hey aie then adsorbed by the free silver which is also produced, 
the great length of ’the hydrocarlion residue making it a very 
efficient stabilising agent. A very large number of protective 
a g (, nts are acids of high molecular weight, for example, the proteins 
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and their decomposition product, lysalbic acid, ho that a gieat 
many protective actions may have a similar explanation. JTu r t|j er 
investigations on this point are in progress, in the course of which 
it is proposed to study the formation of silver sols in glycerol in 
the presence of silver mannonate, which, according to the hypothesis 
outlined above, should be an effective stabilising agent. 

University of London, 

King's Commit. [JtaWwf, May :th , 1903 j 


CLXXX.- The Freezing-point (have for Mixtun* <>j 
Potassium Nitrate and Sodium Nitrate. 

By Henry Vincent Aird Briscoe and Walter Matthew 
Madoin. 

The earliest systematic investigation of the freezing points of 
mixtures of sodium nitrate and potassium nitrate appears to )*• 
that of Nchaffgutseh (Pogg. Ann., 1857, 102, 293; Jahnskr 
1857, 19); later, Carveth ( J . Physical ('hem. y 1898, 2, 209) examined 
the ternary system comprising the nitratcH of sodium, potassium 
and silver and incidentally redetermined the freezing-point curve 
for the binary mixtures now under consideration. Both sets of 
data are plott<*d in Fig. 1 ; and it will be observed that the curves 
obtained by joining the points of each set are fairly smooth curves 
of similar form. 

Nevertheless, SchalTgutseh and Carvt’th agreed in assuming that 
their results should U* represented by nearly straight lines drawn 
among the points on either side and meeting in a eutectie point. and 
that the euteetic mixture consisted of practically pure sodium 
nitrate and potassium nitrate. 

Hiss ink, in the course of a general study of mixed crystals (/. 
phy>tiknt. < 'h* m , 19tHb 32, 537), using the vacuum filtration method 
of Van Kvk (ibid., 1*99, 30. 432), separated and analysed the 
solid in equilibrium with certain liquid mixtures of sodium and 
potassium nitrates. His results, recalculated to a .w eight -percentage 
l>asis, indicate that solids f/ r r\ d\ containing, respectively. 
28 4, 90*8, 23 <», amt 89 .3 j**r cent, of potassium nitrate, are in 
equilibrium with liquids n, b t r, d, containing, iespec lively, 43*3. 
1)4 25, 44 - 5, and 6b 45 percent. of potassium nitrate: these point* 
are plotted in Fig, I. 

Hiasink, accepting the views of .Schaflgotsch and t.'arvcth ask 
the nature of tin freezing-point curve, miwluded that the eiiteetif 
mixture consisted of two kinds of solid solutions of the limiting 



MIXTURES OF POTASSIUM MTRATJ5 AND SODIUM NITfiATK. . 1609 

coin jx>si t i ons 12 per cent. NaN0 3 and 20 p er cent. KN0 3 , determined' 
approximately by projecting rectilinear solidus curves from A and ■ 
B (Fig. 1) through the points b\ d' and a', c' upon the eutectic 

temperature line. 

It is remarkable that, although sodium nitrate crystallises in the 
rhombohedral system, in which all the other alkali nitrates, thallous 


Kie. I. 



nitrate, and silver nitrate also crystalline, no case has hitherto, 
been known in which sodium nitrate forms a complete scries of so i 
solutions with any one of the other nitrates. Attention has rec^ > 
been directed to this anomaly by Early and Lowry (T., 19-1, . 

DOT). . 

The experimental work described in the present communication 
affords evidence that the nitrates of siaiiuui and potassium o, 
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fact, fonn a continuous series of solid solutions at all temperatures 
above 130°, the transition point of potassium nitrate. 

Experimental. 

The freezing points of a scries of synthetic mixtures of pure sodium 
nitrate and potassium nitrate were determined by the cooling curve 
method. Purification of the salts was effected by six successive 
recrystallisatiuns from pure water, the mother-liquor in each crystal- 
lisation being removed as completely as possible by suction. Before 
weighing, the salts were powdered and dried at 120° for at least 
three hours; it seems reasonable to assume that any residual 
impurity could have had no effect on subsequent measurements, 

For the measurements of Series l and 1 1 the heater used was made 
by winding two layers of wet asbestos paper on the lower 12 em. of a 
3 cm. diameter Jena-glass test-tula*, winding lu metres of Xu. 2S 
IE & S. nichromc wire spirally over tins, and insulating the whole 
with three thicknesses of wet £-ineh asbestos millboard. On drying, 
first at atmospheric temperature and filially by passing a small 
current through the winding, the heater was so consolidated that 
the tost -tube could be removed and reinsert* d as desired. The 
heater used fur Series III ami IV was similar save that the melt 
was contained in an inner tuU* separat'd fri m (he heater tube li\ 
an annular air-space. 

As a moderate degree of accuracy only was sought, temperatures 
were determined with a merrurv-in-ghiss therm* .meter, nitrogen 
tilled, having a range i f In to too and graduat'd in degrees. 
This was calibrated il ) bv dir** t comparison with standard, nitrogen- 
tilled, mercury thermometers which ha*! themselves been twice 
calibrated by the lVi« hsanMall, using baths of water, vao-lin. and 
Hose's fusible metal, and (2), more Accurately, by using it tu 
determine th** apparent boiling points of pure water, aniline, nitm- 
benzene, bnum naphthalene, and hcnziplnm in*. th»* thernn-mcUT 
being, of eu ills**, completely iiMiuts* <1 in the vapour. 

The cnnvetion h r th** e\jN***ed stem * » uld not writ In* dcfcrminol 
by the ordinary no-thml Using a single secondary thermometer, 
because clearly that part of the stein within the test- tuhe was at a 
much higher t* -mjjer.itur** than and ha* l a different temperature 
t gradient from tin* pm 1 exposed tu air outside tin* test-tube. Two 
secondary thermometer* wen* therefore employed, placed thm 1 * 
quarters of th** wav down the enclosed and t In* exposed |Kirti<*n of thi 
stem respectively, and the cnrrcetioii. *, was ealeulated separatdj 
for each part *4 Mu* stem. According to the usual rxjuvsdon* 
j a o n (7* - <j, where a is th** cocAiciciit of expansion of menu? 
ft) glass, n is the number of degrees <4 ex]>oH*d stem. 7 b 
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temperature registered, and t is the mean temperature f tit 
exposed stem indicated by the secondary thermometer tk ' 
some doubt as to the best value of a, but in the Tin. Is 
of Thorpe (T., 1880, 37, 160), u = 0-000143 U ^ 

probable that the correction thus determined is not in error bv m" 11 
than the error of reading, which does not exceed 0'2\ y ° re 

Ihe freezing point of eaeh pure substance o r mixture was deter 
mined by fusing about 20 -30 grams in the apparatus above 
described, clamping the thermometer exeentricaily in the tube wit] 
the bulb and a few millimetres of the stem immersed in the ’melt 
and reducing the heating current until the temperature of the bath 
fell slowly, the melt being meanwhile stimd bv rotating the lube 
Headings of time and temperature were theu'taken which when 
plotted, permitted an accurate location of the temperature at which 
cooling was arrested. It was found that observation of the temper- 
ature at which rotation of the tube was no longer possible gave a 
sharp determination of the setting point, in agreement with that 
deduced from the cooling curve. 

The freezing point of one of the pure .salts having been thus 
determined, successive weighed portions of the other were added and 
the freezing point similarly determined after each addition. 

Attempts to secure cheek determinations by the heating curVc 
method were attemlui by the usual difliculty that the arrest points 
were dhdvlined, ami were abandoned became, with pure potassium 
nitrate or any mixture containing nn re than about 30 per cent, of 
this salt, the tube invariably cracked at about 13o\ This is 
probably due to tbe transit ii m from the orthorhombic to the rhombo* 
hedral moditieation which occurs at lilb (Wallerant. Compt. rend., 
ItH.^, 130, JG4) with a pronounced crackling noise and a considerable 
increase in volume. At the same time, it is not very clear why the 
converse transition, which takes place cm e< cling, dees not bv 
shrinkage create a space MiHieient to j»eniiit the expansion on 
floating. 

In tin- freezing-point determination any diilieuSty from this cause 
was avoided by remelting the contents of the tube before they had 
cooled to bin , removing the thermometer, and inclining the tube 
so that the melt jinuhere ncrupied the full diameter and so was free 
to expand when reim ltod. 


tour series of determinations w ere made. Serbs I and 111 began 
^vith jiure potassium nitrate, Series li with pure sodium nitrate, 
and Series IV with a mixture containing 71 per cent, of sodium 
nitrate.; and each was curried well past the luininmip point. The 
whole of the data, ‘including the actual calibration and exposed 
*tem corrections, are given in Table 1 and the corrected freezing 
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Table I. 

Experimental Data for Freezing Pointa of Mixture* of Sodium 
** Nitrate and Potassium Nitrate. 

Corrections. 


% KN'O v 

Series I. 

1000 

90*8 

77-ti 

08*5 

t>5-0 

59*1 

.-.til 

54 -8 
33*5 
52*7 
31-2 
50*1 
49-4 

Series II. 
57*2 
56*4 
55*23 
53 S 
52 0 
60-8 
50 0 
49-1 
47 2 
45- 1 
32*7 
18*1 
0*0 

Spriest III. 
U jO 0 
85 0 
75*o 
03*0 

ooo 

55*3 

54*7 

53*7 

52*9 

48*0 
43 7 
3-4*0 
312 

Seri*** IV*. 
00-9 
59 5 
500 
53*7 
52*1 
50 8 

4H 45 

X4*8 


01*served 
. NiiNOj. «»■ P- 


Cali- Exposed 
brat ion. stem. 


Total. 


Corrected 
m. p. 


0*0 
9*2 
22*4 
31 5 
35*0 
40*9 

43 9 

44 3 
45*2 
40-5 
47-3 
4S-S 
49 9 
50*0 

42 S 

43 ti 
44*75 
402 
47*1 

49 2 
54)0 

50 9 
52*4 
54*9 
»>7 *3 
Hi *9 

LoO-u 


320*8 
297 •<» 
261*0 
238*3 
232*0 
223 2 
220*7 
220*3 
220*0 
220 2 
220*5 
221 0 
222*0 


221-0 1*82 
221*1 I s - 

220 9 l ‘81 

220 5 1 Hi 

220 8 1*41 

2215 182 

222 I l 82 

-»»3ii 1*82 

224 7 1-82 

2271 183 

24 s 5 19 

273 2 2*03 

298*5 -2 


51 4 

50 3 
02 o 
OHS 

:n*l 

40 » 
44 o 
40 3 
17 9 
49-2 
52*0 
tf- 2 
59*3 


2*3° 

9*5’ 

11*8° 

332*ti J 

•i*2 

8*1 

10*3 

307*9 

2*0 

5*9 

7*9 

*208-9 

1 85 

4*0 

0*5 

245*0 

1-82 

4 3 

0*1 

238*1 

1 81 

3*8 

5*0 

228-8 

1-8 

3*7 

5*5 

220*2 

1*8 

3*l> 

5-4 

225*7 

1*8 

3 *0 

5*4 

225*4 

1*8 

3*0 

5 4 

225*0 

1*8 

3-d 

5*4 

22.5-9 

1*8 

*.{•7 


220*5 

18 

3*7 

.... 

22.-.» 

l*8l 

3*8 

5*0 

228*1 


0*0 

321 3 

2*3 

15*0 

2*. 2 -5 

2- 1 

25 o 

2.54 5 

19 

37 0 

227 -s 

1*8 

400 

223 5 


42 25 

221*7 

18 

44 *7 

22^ 3 

Is 

4 5-3 

22 ol 

1 *S 

40 3 

220*5 

1 H 

47*1 

220-0 

H 

47 s 

220*7 

1 H 

1 .ii 


223 2 
>29 s 


251*7 


223 4 
220 0 
220 4 

220 9 

221 3 
223*8 
227-8 
234 5 


l si 
|HI! 
19 


1 HO 

l s 2 
1 si 

l Ml 
1 Hi 

1 *H 2 
l 82 
1 S 3 
l Htl 


3*7 

3*7 

3*05 

3*7 

3*7 

3*75 

3 8 

3*9 

4-0 

0-7 


4 1 

3-S 


3 0 

3 8 

4 2 

i*75 


10 4 


11-8 


It o 

0 o 


4*5 

3 85 
3*7 
30 
3*7 
3*7 
3*8 
41 

4 f 


227*1 
220 f. 
220*4 
220-U 
220-3 
227-n 
22H*u 
22H-ti 
23) M 
233 3 

2Sl-!l 

3MS-9 

333-1 
291 -s 
202 -a 
233-7 
229*1 


>i 

2 *20-4 1 
220*1 
22VS 

240 2 


211*9 

229-1 

220 -I 


o *0 

5-9 

0*3 


22(74 
■j-jii-S 
229*4 
233-7 
241 i-ii 
2625 
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points are plotted in Fig. 2, the upper part of which shows on a' 
larger scale the’ curve in the region of the minimum k ., ow t f 
dotted honzaiital line. . L ' 

From the continuity of the freezing-point curve, the existence f 
a complete series of solid solutions is to he inferred, and as this 
inference is in sharp opposition to the views liitherto’held experi 


Fjg, 2. 

Fmziti'J point composition duty rum for tin * ■jstuii XaNO,-KXO 



IOO i .5 0 £0 O 


\V. t ,. •. KX(V. 


nionts were made to asrertain the ermpesitioii oi the solid phase in 
equilibrium with molten mixture the completion of which differed 
slightly in either direction from that of the mixture of minimum 
freezing point. Here the rhief difficulty is to seetire a slow deposition 
(| f solid in true equilibrium with the melt and to separate it from the 
mother-liquor. Whilst a number of methods have been fully 
described for the separation of solids from solutions with whirfi 
VOL. CXXIII. 3 1 
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• Tkniim, li+firt information lias been found in t ht* 
they are in t< 4 m 1 * whereby the solid phase Can be separated 

from molten sa s. ^ comprised a tall narrow beaker, 

The S. nuhrome wive whieh 

wisTcld! and spaced clear from the walls of the beaker, by asbestos 
millboarcf strips B, A being supported m a largei bca n r, , n .in 
T Ud D and a collar of asbestos rope, A. The vessel ,1 
a>bestcs i , > was titted with a double lul, b> of 

asbestos millboard paeked with 
woollv asbestos, through which 
passed a thermometer, T v and a 
l-ineh test-tube, fr\ closed by a cork 
carrying a second thermometer, T. z . 
and two tubes, // and designed to 
t ause circulation of cool air through 
(i. The tube ./ was held in a clamp, 
thus supporting Or in any desired 
position. 15y adjustment of external 
e in the heati 

held at any 
to about oW 
any desitvd 
nt s could he 
transmit te«l 

oxjicriment, 
the mixture 

under investigation weir melted in a 
porcelain didi over a free llaine while 
’ i wa - ln-atcd eleeirically 

nine 2* 1 aO above 
the mixture. 

4 



rc>i>tancc in 

the he 

at in; 

apparatus c 

mild 1 

>c h 

d, .drcd temperature 

• up 1 

i>r allowed 1 

to cool 

i at 

rate, whilst 

the c< 

mtc! 

clearlv observed 

by 

light. 



In conducting 

an 

about -on 

grams 

of 


ti uimii r-i d 1 1,1 111 ,1 " 

The apparatus wa- cooled 


the apparatu 
to a t«*mjN , rat at 
tin- freezing point 
11, . ii tin- nu ll wiv I"’" 11 ’ 1 "» 
the lid F replaced with the tub 

•melt. i ,| il„ 

t„ within on.- ... two degree V 'f 
,f ending w*. adjusted to ahou 


freezing point and thi n the rate on fc\ aftc 

, r ivdoc. d • 
vvtals oil d had grown ami 




After alio' it an hour, the ring • ,„, lk , r .1 at the to' 

a .condn„g had formed on. 


surface of the m* 
alniut ^ l # Mn 


,f the melt, tie to 






MIXTURES OF POTASSIUM NITRATE AND SODIUM NITRATE'. IMS 

its withdrawal .lowered the surface of the liquid in the beaker bv 
sume 1-5 cm., so that the crystals, both on the tube and on the 
beaker, drained at a temperature practically that of the melt A 
second crop of crystals was grown with the tube in its ne w position 
and these in turn were similarly drained by raising the tube again’ 
It was observed that the mass of crystals, before withdrawal from 
the liquid, was fairly solid and therefore could scarcely have retained 
after drainage any very large proportion of included mother-liquor 

The tube G having been removed, with its adherent samples of 
the solid phase, samples of the melt were drawn into previously 
heated glass tubes, in which they afterwards solidified. A second 
sample of the melt was obtained by crushing the whole mass of solid 
which remained in .1 on cooling. 

Two series of crystallisations, A anti B, were made as above 
described, starting with mixtures made up to contain approximately 
,10 per cent, and 58 per cent, of potassium nitrate, respectively. 
Determinations of potash in the various samples were made gravi- 
metrically by the perchlorate method, a-nd the results, calculated 
as KN0 3 , are given in Table II. 


Table 11. 

Composition of Liquid and Solid Phases in Equilibrium in Fused 
Mixtures of Sodium and Potassium Nitrates. 



Found 

Scries A. % KXO^. 

Mean 

%KKO 

Liquid phase 

f 1 . Sampled in tubes 50-14; 50-25 ( 

t2. Sample from Inilk 50-Ul; 5U-09 f 

50-12 

Solid plin.se 

1 11. Fpiier ring on tube 48-51 : 48-90 i 

.... 4. Lower ring on tulie 49-07 ; 48-02 

1 3. Upper ring on beuker 4S-15; 47-54 1 

4S-4li 


Scries H. 


Liquid phase 

(I. Sampled in tul»r -s 57\»7; 57-82 l 

12. Sample from bulk 57-72; 57-901 

«•» 

Solid plm.Ni' 

j !*. UpjK-r ring on tuU- 5S-9ti ; 59-74 i 

.... 4. Lower ring on t ube 59- Oh; 39-11 

1 5. l’p|K-r ring on iH-akcr 59-12; 59-54 I 

OU-L’li 


Discussion of Result*. 

Whilst the freezing point data here presented have no claim to’ 
any unusually high degree of absolute accuracy, they would appear 
to constitute a consistent series of observations which merit con- 
fidence as a means of determining the form of the freezing-point 
curve. Curves deduced independently from the four series of 
measurements are practically coincident in the region of the minimum 
although the errors of weighing are, in this ease # additive, «ind 

31 2 
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evidently increase toward the end of each aeries. Vor this reason, 
it U the mow- significant that all four senes agree m she vmg the 
igton of the minimum a continuous curve of substantially the same 

f °ItH evident that this continuity of the curve is entirely ineom- 

SESSSSSfR. r ;.w .v. 

3E . comp I* «« A “T 

... , Bml .1 chews that the data now reported are not m sennas 

a.. «*» 7 

The nature- of the curve has been misundotood previously because 
the points determined were too few to fix «t Feeise y m the re, non 
near the minimum, when- the eurvature changes rapidly and because 
the earlier workers evidently assumed tha curves so neany straight 

- — «, 

Ibis a>Munpti a, n«w ivjH.*rti'd, ami it 

it is Clearly untenable m '* u ‘ ut . t ,ic mixtures 

might be profitable In Mtbjeet ,-in. nth’ 1 - 

t*i more rig<*rou> in'* V j^,., , urvo d.ti nniia d in the 

present invotigaticn ^ip|«.rt> 


»<*n * r i * 

( - u t retie i.uxtiuv. f,r vsninyW. bi ' muth lm ’ 
ii..i:a,han.arn.M at th. * i-ut^ic 


initial freeing H'»t- lllt 
*,„limn nitrate <h'.w ' 

pr.. tf n-,,ive s..U«bfi.-.iti-n . 
initial frri/m^ p'l”' t<« th 

luatrriai ug lily htid> -r~ 
In i rd*T t<> * bt in. mi 


-mmiudmi, th.- iMtuir • f lb- ph.» 

— «r r v;:;t rniin. 

nann- r above " • ( 


- ! 1 ] 1 [J rUHc- 
i ll as at th- 

turvt s for mixturr- «>f pt-U^iinn .mu. 
c, 1 am >t, wbrnuf it is <-lt-ar that 
,.mt tb wlmb rang** 111 Ut 
mimir.HH! . at vhirh the iv.a^ '■ 

i-. vt ry ' in all . 

ndr p Ii'h-Id ai.d ** 1 la ‘ K >r 


in iqmldMirm with f^*'- 

, tl ,t was drtrnm::- tl m \h 

nitrite mill 
d-ditv in the --‘-i'ai 


he pur- -l,d -r the hunt .0, - - J „ IB , the e* 

nurture nght «» " |,, lt ,, ,® 

s-pariting from solution- "f ■ -"'1 ( jn|I point ».-rihl dit.-> 

1 of. that of the mixture of nnm «.m 

widely in comis'sit on. I l "' ■‘"' l • 1 , )lt ! v from that ef» 

Ulf) emu position of these solu s d> j • • ; the U'clu-^ 

piped pV|y ip •■|'uhbri" ,, i- A- thi. 
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considerable amounts of mother-liquor has littl,, ,n * 
position, deduced from the analytical data, for the 
freed from mothcr-liquor.' Even on the rather tLtLJ! a M P ^ Se ’ 
that the crystals contained .'10 per cent. b v wei.-ht ,f ; 1 ^“ U “! ptlon 

differ by about half a unit from that found for "the crystals ^ 
mother-liquor. Allowing a dill larger correction ef » pus 
one unit upon the analytical fi it 
confidence that the solids in equilibrium with liquid mixture-. T* 
taming o(JT2 per cent, and p< r cent, of . 

contain, in round numls iy, not It sstlian 47-.-, i K . r cent T i " ltrate 

than GOO per cent, of p.,las<ium nitrate, re.pcctivelv n0tDlore 

Therefore it is apparent that the,- solids are net, her the p ure 
components nor the sohd solutions containing, respectively uV 
cent of potassium nitrate and 20 per een, of sodium nitrate,;,’, pn'ofed 

'did state riP ‘ ' i,S '““I <* «** ^Its in the 

On the other I, and, Hissink's data, having regard to the rather 
considerable errors by whirl, they are obviously affected do not 
preclude a solulus curve, of the general form and' location indicated 
by 1 ho dotted curve in pjg. 2. 

coi ic hide, therefore, that sodium nitrate and potassium 
nitrate, at temperatures above 13n , f„rni a eontimious series of 
solid solutions. Be low I3cr, these solutions change to a porcelain- 
like mass, owing undoubtedly to the segregation of potassium 
nitrate in the ortlmrliomhie foiin. This change niav sometimes be 
delayed; for example, the nmlt-n mixtures on glass may form 
perfectly clear and transparent crystalline films on cooling to room 
temperature; mechanical disturbance or the addition of* moisture 
thru causes the tilms to heeoine white and opaque. Microscopic 
txamination of the films during thi< change e<*nti?ms the foregoing 
opinion as to its nature. 

Hie melting points i ,f the pure coinpom-nts, dctei mined inci- 
dentally in the course of the pu.-ent \uuk, merit brief comment; 
tiny arc given below, together with the moo* important earlier 
'■dues for these conMants, 


KN0 3 33i)'; 312 ■; 33 S ; 339 ; 337'; 333'. 

\a\'(J 3 310 .V ; 314 ; 313 ; 3U» ; 3US ; 3o9\ 
fbe authorities fur the respective pairs of values are Person 
f*boi. (.’him. Phys., Is 47, jiiij, 21, 32!!), Braun {Pogy. Atm., 1S74, 
154, 190),* Sclia iTgot sell (/%/< /. 1837, 102, 293 ; Jahresk richte, 

1S,) ' ■ Carnclly (./. Ch< m. Soc .. IsTS, 33. 277), Carvcth (J. Physical 
IMS, 2, 2o<>), and Briscoe and Madgin. 
lu the present investigation, the salts were carefully purified and 
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the determination of temperature can scarcely be iii error by much 
more than ± 0*5°, so that the present results, differing little from 
the earlier data of Schaffgotsch and Carveth, appear to merit 
confidence. 

Summary. 

1. The freezing-point curve for mixtures of sodium nitrate and 
potassium nitrate has been redetermined and found to he con- 
tinuous, with a fairly sharp minimum at 225*7° and approximately 
55 per cent. KX0 3 . 

2. Cooling curves for these mixtures exhibit a sharp arrest at tin* 
initial freezing point, but show no material arrest at the minimum 
freezing point. 

3. The solids in equilibrium with liquid mixtures near the com- 
position of minimum freezing point are solid solutions differing little 
in composition from those liquids. 

4. It is inferred that sodium nitrate and potassium nitrate, at 
temperatures above 130 , form a continuous series of solid solutions, 
and not. as has hitherto been supposed, a eutectic mixture of the 
pure salts or of solid solutions of limiting composition. 

5. The un iting points of sodium nitrate and potassium nitrate 

are found to be 309° :: 0*5 and 333° 0*5 \ respectively. 

University or Di rham, 

Armstrong ( Yu.t.KGF, 

NKwetsTf.K-rpos-TvNr. •’ /?♦•<*»• \ftfj 2n'i, lfriX 


CLXXXI . -Rohtrlinn <} Ethyl EthyUdentmalowiU a* 
Afjtt'Ud hy ('hair* it} Rnlucintj Ayf.nl. 

By Livy Hiouisbotii am ami Autiu-k Laiavorth. 

Stuihks of xViitwit united acids and esters which have been in 
progress in these laboratories have included certain investigation* 
of reduction products *>f alkybdenecyanciaoetic acids. It has hern 
observed that the unsaturated acids. Art H.CB N)’(.0 2 H. made 
by condensation <>f aromatic aldehydes. ArCH-.O. with cyano- 
acetic flj-id, are reduced by means of sodium amalgam and mainn 
tg the correspond ini' saturated acids. Art Il 2 d H(t N)4 H.,H, but 
that when the eonvsjMmdmg acids derived from aliphatic aldi-hyd^ 
are used the expected reduction products an* not obtained, althnug i 
very ready absorption of hydrogen takes place. In a ,iw 
manner, ethyl ethyhd.'neevanoaccUte and ethyl ethylidenoflialon- 
ikte, an* easily red u red by moist sodium ama - 

gafri. but the product/givc no trace of the expected n -butyric am 
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after complete hydrolysis and elimination of carbon dioxid, tf 
observations seemed the more remarkable inasmuch as ahT 
ethylidencmalonate was found to be capable of readv ,,,i . y 
tbe cold with hydrogen in presence of colloidal palladium' Z 
almost quantitatively converted into ethyl cthylnfalonate • ’ ^ 8 

CHj-CHX'fCOjEt), j-2H CH.,-CH 2 -CH(C0 2 Et) 2 . 

In order to ascertain the probable nature of the abnormal course 
pursued when mo.st sodmm amalgam is used as reducing agent 
with these «3.unsaturated acids and esters, attention was con 
central on ethyl ethylidencmalonate and it was found that this 
ester with sodium amalgam give* rise to products of at least two 
distinct types. Tlie first of these has many of the characters of a 
^ketomc ester, and yields on alkaline hydrolysis a volatile ketone 
from which a crystalline scmicarbazone can be obtained* this 
compound has not yet been isolated in quantities large enoueh to 
permit of its full characterisation. 

The main type of product obtained by reduction of ethyl ethyl- 
idenemalonatc by moist *xlium amalgam appears to be formed in 
accordance with the scheme 


2C H 3 *ni X’(C< Kt ; 2 H — (, H 3 *C H *CH(C0 2 Et) 2 
f'H 3 *cH-CH(C0 2 Et) 2 

and when hydrulysfd by means of methyl-alcoholic potassium 
hydroxide is cons ei led into salts of mixed polycarboxylic acids; 
these, when distilled, are converted with loss of carbon dioxide 
into a mixture which consists mainly »»f two isomeric diearboxvlic 
acids, one of these melts at Idfi — ld< . and has been definitely 
identified ssitli a .* ( j -tliuiethyladipie acid which has since been 
obtained together ssitli its isomerides by the action of copper 
l«»svi|-r mi Js-iodobut vri*- arid : 

-('11 t -( H 1*^1! ,•( (), 1 1 nkj-CH-riU-CUH 

" “ rHj*CI-H*H 2 -rO s H‘ 

In neither of the two pnn essts was the pure stereoisomeride of 
die acid melting at lo<>- ll>7 chtained, but the two eutectics 
appeared to melt at about f>2- ti.V, and displayed no appreciable 
difference in behaviour towards solvents. The proportion of the 
two isonierides obtained from ethylidencmalonie ester varied eon* 
dderably according as the redui-iiou process was eariicd out in 
faintly alkaline or aeid solution, respectively. 

fhe coupling at the yjmsitions of reduced residues has previously 
I'cen observed when agents such as sodium amalgam or moist 
aluminium amalgam act on benzvlidencacctonc, benzylidene- 
hcnzylaeetone. inrthvlo»/Wohr\eiione. and enrvone. the prodnejs of 
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such coupling being 1 : G-diketones (Harries and others, Ber., 1890, 
29 380 1 1838, 31, 1800; Annakn, 1904, 330, 235; Stocrmer 
and Mollcr, hiss., Itostock, 1905, p. 24). Ethyl cinnamate with 
aluminium amalgam in moist ether similarly yields not only the 
normal dihvdro-derivativc, hut also a little ethyl Pit’ -diphenyl- 
adipate (llenle, Annakn, 1900, 348, 10). Wollemann (His,-., 
Gottingen, 1913, p. 4 it srq.) observed that, whilst as a rule, reduc- 
tion of"»p-unsaturated compounds by means of hydrogen in presence 
of palladium gives almost exclusively the normal dihydro-derivative, 
traces of the bimoleeular products could he detected during the 
reduction of diben/.ylidcnoacetone by this met hod. The parallelism 
between these couplings at ^-positions and the formation of pinacds 
bv reduction of saturated aldehydes and ketones is almost self- 
evident. In both cases, the change may broadly he represented by 
the expression 2X ; -’ll — ► X..IU. the usual forms of the molecule 

X being (1) OK'IK'KXK". and (2) O'.CH,, respectively. The 
forms always contain carla.n atoms with distinct latent polarities, 
and coupling takes place by union of carbon atoms denoted by 


MgllS. 

' The mechanism of such reductions has often been discussed, 
and the theory which perhaps ha- found most favour is that which 
assumes the union of a hydrogen atom with the oxygen of thi 
earbonvl group, yielding molecules or residues with a free valent j 
(T) IKM'RlCK'-i K", or (2 ) HOU R, These residues, which 
virtually contain t- •r'vah-nt carbon atoms, ate supposed to unit. 
t,v ,,.. ans of tin--, in pairs, vlvirg rise to 


IltHTO II - It", iin(1 ja- 
v } JKH'IO U'-i K"j 


tivt-ly, thr 
to uliif li it at t»ii 
Sin li a thrt-ry 
jrp'tltS' t> art 
n tim ing ajvnt 


* \ivj \\ 




>t iM* 


rn.tr h< . 

■ i-t.n.t n-< -. 

ai’w t" mIiv tl.f 

1 win n in* tal- in 
riith»ulty may m» 


IK H Ko 
IHKlO 
k..! <.f a 1 


t’t-diket- 


hiim 


■ ill v f« in 
Thi.* 


mi riilar it <lta t;fi 

1 v.r ft mil Jilt* 15>ui H 
inulit hr rvadttl ty 

assuming that a metallic atom rathe, than a hydrogen atom her,* 
attach-d ,o tic- carbonyl oxyg-n, and that e. ooyr^xj^n, 
with Srhlwuk’* mrUl k«*ty^ an- f< rmul . *• 1 txainp i, - 
•rather than HtM R> Rut the metal kctyls am so lug i > ^ 

1 t | 1( . AV rrau. ! l!fr tin-ir Miilivitlual h « ulr< m ‘W 1 *" ~ 

: 1 «“V W “ m 
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If such adsorption of molecules on the surface be assumed, then 
coupling might be accounted for in two entirely different modes 
(a) The molecules first adsorbed are attacked by other molecules 
still in solution; in this manner, two layers of "simple molecules 
one above the other might be formed, these ultimately forming 
one layer of double molecules by readjustment of electrons in the 
system which includes both molecules and also the metal and the 
solvent. The stages assumed may be roughly pictured as follows, 
where M indicates the mass of metal : 

M+CR,0 — ► MCKjO 


MCR 2 0 f-CK 2 0 — > MCRjO'CRjO 



MCR-jOCK/) j -H 2 0 — ► M H(H'HyCR 2 «OH : 20H. 

Here some of the metal t jf eourM* ultimately becomes converted 
into metal hydroxide or salt. 

(6) The individuals of the interacting pairs both form part ef 
the layer of molecules which are directly attached to the metal. 
These individual molecules lie side by side and with subsequent* 
readjustments of electrons in the sy*t«*ni unite in pairs. 

Here the supposed stage.-* may be represented as follows : 


M r2CR,0 


.CK,0 

u Ut.O 


M 


<;R.,< ) 

rrut 


2H..0 - 


C1T 

Clb 


■OH 
■OH : 


20K. 


Whilst hypothesis {b) is perhaps tn In- preferred to {a) in the 
present connexion, it is worthy of note that much recent evidence 
las been accumulating to show that adsorbed layers of gas several 
molecules thick may occur on tin* surfaces of solids. It is not 
altogether unlikely that the natural synthesis of compounds con- 
taining .carbon (bains produced by tin* concurrence of several 
simple molecules may in certain eases be traced to localisation and 
activation of the simple molecules at solid-liquid or liquid-liquid 
interfaces. 

Hie absence of appreciable quantities ef the bimolecular pro- 
ducts when hydrogen in presence of metallic catalysts is used as 
reducing agent Hilda it ready explanation with the aid of the tiew, 
;"Weh is widdv held,' that during such eatah tie reductions the first 

a 1 
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step consists in the formation of a layer of activated hydrogen on the 
metallic surface. It is evident that if hydrogen is adsorbed much 
more rapidly than the reducible compound, the molecules of the 
latter will come into contact with hydrogen atoms rather than 
with the metal, and the mechanism for the pioduction of the 
bi molecular compound Mill therefore almost wholly be excluded. 

On the other hand, W ollemanii s obsen fltioii {lot. nf,) that traces 
of the bi molecular products are formed when dibenzylideneacetone 
is acted on by hydrogen in presence of palladium can only be 
harmonised with the pn ceding suggestions by assuming that 
catalytic reductions may proceed in two different modes. r Jhe 
more" usual mode would involve adsorption of hydrogen, and the 
other adsorption of reducible compound in the tirst instanee. In 
this wav, it may be possible to reconcile the two hitherto apparently 
divergent views, each based on experinu ntal giounds, of the 
mechanism of catalytic reduction processes. 


K X P K H l M K N T A L. 

The ethvl ethylidenemalonate was prepared by tin- condensation 
of acetaldehyde with ethyl malonate in presence of a small quantity 
of sodium ethoxide »»r pijK ridme, the product being worked up by 
repeated washing with wat* r, drying, and fractionation in a 
vacuum. 

Reduction of Ethyl Ethyl id* in -miUmutt with Ilydroym in Primncc 
of ColloM Palladium. The ester (o grams) Mas dissolved in a 
mixture of alcohol VH) e.e.) and water (Ua c.e.) to which were added 
1 C.c. of an approximately 4 per rent, solution of palladium chloride, 
then H l gram t j f gum arabie di'-olved in water arid a little colluiiU; 
palladium solution which hud been pic\i..i:dy prepared. TL- 
containing Husk, provided with a wrlMitting c.rk and stirrer, was 
eonneeted with a n ,, rvoir . out lining putilbd hydrogen, by means 
of which the air m the l!a>k mu, tirst replan .1 by hydrogen, ami 
interaction Mas then etT.ned by ellieieiit birring, lunrly rapid 
absorption of hydrogen took pla.-.* when as sometimes 

happened. tie- i utalvM -*■ purated from ,oIulien a> .lark, t.m-ulmt 
masM- In the » our-* -f about two hour , reduction ** a 
r .de m fuplete, when the IT. k w.i, detaehed and its contents 
dibit d with water and extra, ted with .tier '1 he extract, re 
‘covered by evaporation of tle-dred .tie Pa’ ,!, ; ti.m. w :»> fn»y ^tm- 
ated and distilled pr.O't i* ally constantly at -»».> *b-> n ‘ ni . ^ 

nearly pun* ethvl etbvlidenenmlonate and on hydrolysis wi 

vioM.a . thvljiml' iii- mU.m* .« »•« HI . «»l ^ ^ 

il »irh funn-lH-. orb.,. x,l- and 

nf tht- i lhylmali.iiic ami f«.un«l, **»'*• . 1,1 * l ’ 
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Reduction uf Ethyl Etkylidenmahnate uilh Sodium Amalgam .- ~ 
The ester (15 grams), t dissolved in dilute alcohol (20 c,c.), was 
cooled in a freezing mixture and shaken with successive quantities 
of well-washed, 1*5 per cent, sodium amalgam (400 grams), the 
approximately neutral reaction of the alcoholic solution being 
maintained by frequent additions of acetic acid. Later, complete 
reduction was as far as possible insured by shaking the solution 
vv ith washed, 4 per cent, amalgam (100 gramsj. On subsequently 
diluting with water, acidifying, and extracting with ether, an oil 
was obtained which when boiled with methyl-alcoholic potassium 
hydroxide for two and a half hours yielded a small quantity of a 
neutral ketone, volatile in steam, and an alkaline mixture of sodium 


salts, 

The ketone, after distillation with steam, was collected. It 
had a peppermint -like odour and was converted by w arming with 
semiearhazide hydrochloride and sodium acetate into a white 
solid, evidently a aemicaiWone, melting and decomposing at 
o;, 5 \ The total quantity of these products obtained during the 
course of the work was insufficient for satisfactory characterisation 
or analysis. The mixture of sodium salts obtained by hydrolysing 
the crude reduction product, when acidified and extracted with 
ether, gave a mixture of acids which on standing slowly solidified. 
The acids present were doubtless for the most part the two stereo- 
isomeric -dicarboxy-^'- dimethyl adipic acids; when the mixture 
was heated at about 160°, carbon dioxide was evolved and the 
rvalue when distilled at 5 mm. pressure, gave about 3 grams of a 
pale vellow, oilv distillate: this slowly let-aim* converted mto a 
white solid mixture of acids which melted over a range, the upper 
limit being 75'. The equivalent of the mixture determined by 
titration was 85, the number calculated for a dibasie acid, t 8 H n u e 

* K Repetition of the reduction of ethyl ethylidenemalonatc with 
sodium amalgam, but using excess of >odmm bicarbonate ins ea 
„f acetic acid to minimise alkalinity, gave somewhat similar resu a, 
the mixture of dicarboxylic acids, however, non mi e o ^ 
rancte the upiier limit of which was 128 . ■ k eruie aei . 
washed with carbon tetrachloride, dried, and analysed fou 
e _ 34-9; H _ 7-8; equivalent, by titration. « ‘“ M * 

requires C = 55-2 ; H » 80 per cent. ; equivalent - »«)• 
Samples, of mixed acids prepared by the 3 °' c “ e “ j ous 
reerjstallised several times were colleeted an expis 
earthenware in an oven at 100' , the residue, a ter rrert.. 
from hot carbon tetrachloride, formed "ell-dehned P"" 1 ^ 
fairly sharply at 130 137', which is probably ^nearly 
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correct melting point of one isomcridc. The portion which was 
absorbed by the porous earthenware was, extracted with carbon 
tetrachloride ; after solidification, this portion, when slowly heated 
began to melt at about 03°, which is therefore probably the 
approximate melting point of the eutectic. 

Synthesis of $$-DimcthyIacnjUc Acid from fi -lodobutyric Acid.— 
P-lodobutyrio acid, made by the action of hydrogen iodide on 
crotonic acid in aqueous solution, was ground U]) with “ reduced !5 
copper powder, and the mixture lusted at 100 J for four hours. On 
submitting the product to distillation under a. pressure of 4 nun. 
a fraction passed over between WO" and 190° which solidified 
when infected with the solid mixture of fip-dimethyladipic acids 
prepared from ethyl ethylidenemalonate. The solid after one 
reerystallisation from carbon tetrachloride melted at 124 — 126" 
and its equivalent, determined by titration, was 87, or the theo- 
retical value. After exposure on porous cfirtheuwaro at HX) 
and reervstallisation of tin* residual solid from carbon tetrachloride 
well-defined prisms melting at 1IHV 137 were obtained, lb- 
extraction of the earthenware with carbon tetrachloride, a solid 
was obtained which U'gan to fuse at (12 and closely resembled 
that from the partly purified mixture of Vi-dimethvladipic acids 
obtained from the sodium amalgam reduction product of ethyl 
ethylidenemalonate. A mixed melting-point test, applied to the 
sjiecimcns melting at lilts 1117 , confirmed the identity of the acid 
prepared by the two distinct methods. 

The authors' thanks are due to the Advisory Council of the 
Department of Scientific and Industrial Research for a grant t<« 
one of them (L. 11.) which made it pnsdble for this work to lr 
done. 

UaO A NIC ClIKMIiAl. 

Thk Cmvfj’.sit \ , M a >< ur sn r. [/»'<• ■ '■ M*ri IM, 1 ; . 


(LX XX II, Tit* Theory of Acid Alhtlt Solution Ltpu- 
l ibritt m as Applied to Stilts of Mint* rnfi iy Sir on] 
hut Sparingly Soluble Acids, 

Uv Komi > i> Hkyolks Ri'ohali. IMuokalx. 

It is well known that Nitration of the total alkali in salts of ur ) 
weak acids i* earned « >ut with tlm aid <4 acid-insensitive indie.L0i> 
ofdow titration cx]HU»en(, pr Tin- weaker the acid, the lurijrt 

can be the valgr of pf ; thus 1 mange (pj- I) 

, 1 « 
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carbonic acifl from a titration, whilst ^-nitiophenol (p T ~ ;>*u)' 
excludes boric acid. Acids with a dissociation constant higher 
than 1 X’ 10“ 5 , if present in considerable concentration, cannot 
Jje excluded without the use of an indicator of too low' a titration 
exponent, which makes the hydrion error too high. If, however, 
the acid is sparingly soluble, it can be estimated by aeidimctric 
methods, even when the constant is as high as 1 X 10 3 . Although 
the broad lines of the theory of such titrations have been laid down, 
they do not appear to have been much tested experimentally. 
'Hie acids to which the special equations deduced below should 
apply arc those with solubilities of 0 02 mol. j>er litre or less and 
constants between 1 X 10' 3 and 1 / Hr 5 . 

Benzoic and salicylic acids only have been examined. 

The hydrion concentration of a solution of a stoicbciometrically 
neutral benzoate or salicylate is given by the well-known equation 
of hydrolysis, which is expressed fur convenience in the form 

[H*j- VKwKaS W 


in which K v tlio dissociation constant of water, 1 X KT 1 at 23 , 
, n<l , i, the total concentration of the salt XaA at the end of the 
titration. fly taking logarithms and changing the sign, (H] is 
obtained as the negative of its exponent, — log[Il*] or p B - 


2p n = II WAj -r log e . • 

ln the case of ben** mi. K - :■ W*. so that lor a normal 

button "1 sodium U-nmat- (f - 1). lor a solution of benzoic acid 
: united at 2.V (c .***,, and for 0 Ul.V.bcnzotc aetd 
values of l’„ are !Hi>. S-W, and S OS r^ ct.vcii . All thee 
values are within the ra.fp- of pli.n.dphthaUin. 

The exact neutmlisatum of salicylte aetd van tested ^ 

[dumollddbatuum'ai accord,.* to Kohhofl a •**» 

in normal concentration />„ ' " ‘“ W * 4 J, w should be just 

the latter etfueeutradoiu tin nf<at. ■ dilution, 

alkaline to phenolplithalein, and be mate ain ^ j s the 

Tlus U .lot the ease, anti the ^ r fwe t0 

phenolic hydros vl group, the M 1 '*- 1 . U m placed 

dissoeiato when the earboxyi.c hydrooen atom V. M 

*»— • «— s- » *. 

to that of methyl tmhcylate, I X H • . in f 0 H 

normal solution of the phenolic amon, HA , dissociattn. . 
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and A" may be calculated as IH'J = 3x 10"* which is greater than 
that of phenolphthalein. Also the quantity of alkali that must be 
added to bring pn to a value, 8*4 ([H ] = 2*5 X 10 0 ), at which the 
solution will give a decided pink colour with phenolphthalein, can 
be calculated. 

The quantity, ;r, of added alkali may be put equal to the concen- 
tration of the phenolic union A" in the equation [H }~ Kcj[A n \. 
Therefore, x -= 2*5 X 10' 3 or 0*25 c.c. of O LV -alkali must be added 
to 10 c.c. of A -sodium salicylate in order to make p n — 8*4, or, in 
general since x’c — A7[H’l, the over-titration a\ this end-point will 
bo 0*4 per cent, of the total salicylic acid present. 

The distinctive feature of the method <>f analysis described below 
is the titration of the strong mineral acid, leaving out of account 
the weak acid. The end-point at which all the organic acid is free 
is given approximately by the ordinary dissociation constant of 
the acid at its saturation or lower eoiurnt ration? [H"| V AV. 

Benzoic acid: A ti-Sfl Itr*; c at 25 ; (ll’i 

1*27 10 3 ; pn 2 SO. 

Salicylic acid : A l 10 3 : v 0*0102 at 2o . [11 j 
4 X 10 3 ; pn - 2*4. 

If the organic acid is precipitated and washed free from the 
inorganic acid at a temperature nf alx>ut 15 , its concentration will 
be found to Ik* about u*ul ; the com* sjxmding values of [H‘J and 
p l{ f t) r benzoic acid. S*2 hr 4 and 21, and for salicylic acid, 
;H0 x Ur 3 and 2*5, respectively. 

The titration exj»oneiits of the indicators chosen should he as 
near as jx >ssible to thc*e jx»ints. 

H* nzoir Artil ntfl H* w;rw/» s. 

The principal indicators which change (“lour at or near the 
calculated pn of OOlA-benzoic acid are methyl-orange, dimethyl, 
yellow, broinophenol-bhic, and enngn-red. 

Methyl-orange, according to Sorensen, changes its colour between 
p a ;|-l and 4 4. The initial change from the full avid colour corn*, 
sponds ulmo-t exactly to the hydrogen ex lament of uul5 -beiizoic 
acid, and experience .dewed that if titration wi n' stopped »h<-n tin- 
pink colour Inyaii to fade or the lirst trace of orange appeared, the 
difference lietween the methvlorange and the phenolphthalein 
titration values aimed well with the quantity of benzoir and 
extracted hv chloroform. It is, however, not easy to detect these 
faint differences of clour, even with the aid of a comparison solution 
of p n •'!. The titration exponent, or |K)int of optimum colour 
change of methyl-oranttc is 4U or 4 2, at which point the 
acid IS qvertitrated and the fienzoic acid is partly neutralise 11 
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best conditions for obtaining a sharp end-point are those in which a 
small fraction of the benzoic acid is neutralised, because the gradient 
Jpujdx has its greatest value at the beginning of the neutralisation 
of a weak acid, that is, one with a dissociation constant less than 
| / 1(T 3 . This is proved by numerous titration curves, .selected 
examples of which are given in the authors book on “ Indicators/’ 

A calculation similar to that given below shows that, at p a = 4>o 
about 40 per cent, of the benzoic acid is neutralised, and the value 
of dpu;dx is now lower than the maximum, as is always the case 
near Iho middle of the neutralisation curve of an add. The useful 
exponent for this titration will be between />//-- 3 and pu — 4; 
in what follows it has been taken as H o |[H’] -- ,*M(j / ]{j 4 ). 

For the pure acid at r O'Ol.the more exact value of [H'|, obtained 
from 111** equation 

lirp : 1 1 r i A' Ac <i ^ 

js S • 10 h 4 he degree of dissociation or " ion fraction.* of 
the acid is given by 

x [H‘] >' (Mis, and (1 t.) r II A, 

Bv using an approximate calculation into which the total con- 
centration does not enter, the relation . 

(I - i) x [HTA s In 1 fi-si; In 5 . H” . .{3) 

is obtained. Snppo>e now that alkali is added until the fraction 
r of the aeid is iieutialiM-d. and jH*j i.-> diminished to 31fi :/ I0' 4 , 
If a is the “ inn fraetii.ii " in the modi tied sense. which includes 
atiiuti <lerived from the .-odium salt, then 

(] -i\ x 3i*> In 1 il-sii ■ )n : 4 (5. and :t — (WTO. 

Of i In* total anion. *' or ;A*j. wliicli \< promt in one litre of a 
r- normal so !nt i« >n. an amount equivalent to ;H j is derived from 
the free aeid ill present, and the remainder. r<' |H‘|. is equivalent 

to tlie salt present, that is, to the quantity .4 alkali t[Xa*l) combined 
with organic aeid ;i t this acidity, in thi> ease. y.c [H ] — 
ii-i.hiITi; (M)on3H» n (hi! It |Xa'j. The amount of free aeid 
is c [Na’| or tMHiK.Vi. The fraction / of the benzoic aeid which 
is neutralised Is given by (1 .r} .r O iHl8ot> 0lH)144. The ^ 

quantity of aeid neutralists! is therefore 14 4 per cent., and tb£ 
amount in the free state is about M> percent. 

Broniophenol-bbn* (/>// 30to4t>) is a better indicator than methjl* 
orange, because the iirst change is more noticeable, and the titration 
exponent is lower.. The transition tints are peculiar and easy to 
recognise. Starting from tin* full yellow of the acid solution, the 
change is through brownish -yellow to giwniah-yellow, which is the 
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colour given by a solution of sodium chloride of t^ie same concen- 
tration as that formed in the titration and saturated with benzoic 
acid. If the solution is only half saturated, the ne*t colour, bluish, 
brown, will be obtained. This changes to purple and finally to 
the blue of the alkaline solution. The titration exponent maybe 
found by Noyes's rule (’* Theory of Indicators,” p. 172) by subtract- 
ing 0*o unit of pn on the side of weaker colour (in this case towards 
the yellow) from the point of half-way change, p t (in tins case 3*9). 
The titration exponent, pr, obtained in this way is 3*4, and the 
corresponding colour was determined by the aid of the mixed acid 
rectilinear buffer solution already described (7Voc. Ko\j. Soc., 1910, 
[.4], 92, 400). This mixture, when 20 per cent, neutralised 
{p H = 3 44), has a green colour, or brown when viewed through 
deep layers. When an additional 0*32n e.o. of 0*2N -alkali is added 
to 25 e.e. of the mixture, the colour changes to green (purplish- 
brown through deep layers), and the value, of pn calculated from 
the formula is 3 59. The addition of <HV> e.e. nf the alkali produces 
a blue colour, at pn' 3*74. These colours appear different, but 
are still distinctive, when viewed by electric light. 


Salicylic Joe/. 


The high dissociation constant 
limit of tin im acids which can be i 
introducing an unduly large error 
concentration. Tie I m Irion conn 
(2) above is 3 43 H» 1 8 2 

{pn 2 57) at <* «»*n|. which 

a lilt rate fr<>m tin- sole! a* id at 
thyniol-bhie <pn l - to 2' v o am 
should allow tin* >ahc\iie acal to 
sharp end point i> not to 1»»* * < 

The ran tie of tropaolin OO.am 
with ft titration e\[M.neht < f 2 v 
is from 14 to* 2 t> and the 
rule (rub .-Mpw), is 2*5.* 

In O'ljol.Y-hydrirthlone and. 
salicylic acid it is tauny-veilow , 
a redder tinge ; judged by the * 
solution of sa!i* \ in and, 1 1 ** ■ i * f 
a ponds to a tawny -yellow cib-ur 

• Tli* =»'’ rlitL'f'T.r.M 5i y *!■ | - ■ J 1 

whether t{.r > yr IS fti-!. I by * 
chloride find i mioih', , ■ 


nf salicylic acid places it at the 
•xdudul from a titration without 
in the e-timution of the hvdiion 
nt rat i« n culculatt <1 from equal it n 
,7 } at c U Olfi, and 2 7 X Id’ 3 
is the average concent ration in 
about 15 . Such indicator:- a** 
l trnj aolm t M ) (pn 1*3 to 32: 

l»e excluded from titration, lent a 

t»d . 

irdiiig to Kolthoff, is pn 1*3 to d'2. 
According to Sorrmen. the range 
.is exponent, calculated by X«»\v> > 

tr, pj-olin <M> i- yellow. in m'l.V- 
iind in th. saturated >olutiuh it lia> 
licet ]. reduced by the unsaturaud 
ore. the \ahie « f pr, if torn ' 
, i * 2 5 or evm less. If pjd* ta ^ Ll1 

on 1 1.1* net hod nf finding the range, 
i . f - nlotir mnt eli***, for example. f prri 
4 th** hnHlm- « i.h.urs without 
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as equal to 2*8 ([IVj --- 1*6 X 19~ 3 ), equation (3) gives ct-0‘38, 
and therefore [Nil’] ~ «c — [TV] = 0 0022. Therefore 1 — x is 0-0078, 
or 80 per cent, of the acid is free at this end-point. A difficulty is 
encountered here whichever way the facts are regarded. If methyl, 
orange is used at p H 3*3, it may he calculated that 73 per cent, 
of the salicylic acid is neutralised, 27 per cent, only being free. One 
of the intermediate tints of methyl-orange cannot he selected because 
the composition of the solution will then he too near to the point 
at which the salicylic acid is half neutralised, and the neutralisation 
curve is too flat {vult supra). 

A solution containing 10 milliequivalents of sulphuric acid and 
0 81 milliequivalent of salicylic acid in 100 c.c. was extracted with 
chloroform. The aqueous solution was found to contain 9 9 milli- 
equivulents of sulphuric acid, and the chloroform solution 0*72 
milliequivalent of salicylic acid. In another 100 c.c. of the solution, 
the phcnolphthalein* titration value was I0‘S c.c. and the methyl- 
orange value (colour change to orange) 10*4 c.c. The fraction of 
salievlie acid remaining fret* at the latter point was therefore 0'5. 

A solution containing 2*60 milliequivalents of hydrochloric acid 
;\ml O' “4 milliequivalent of salicylic acid was titrated with 0*2 
A-alkali, of which the following quantities (c.c.) were required; 

With tropmolin OO, reddish-orange (i) 12 2 (ii) 11*8. 

tawny- orange (i) VK> (ii) 13*3. 

With phcnolphthalein. lh-0. 

The difference (Hi'U -134) multiplied by 0‘2 — tr.VA and this 
value, obtained when tin* titration has been carried to the stage 
corresponding to the tawny-yellow colour of the indicator, agrees 
with the iymiU to l><* expected on the assumption that p T ~ 2*o. 
A i Miitinuation of the titration until the enlour of the indicator 
was full yellow gave a figure corn qumding to that required for 
H 2‘S. 

roK<liti«n*''f EquiMriut" inti' /***«* of a Sola bk Achl. 

If a 4ron - acid is to k titrated in the presence of an excess of 
a weak, sparingly soluble acid, the end-point will not he quite the 
sanu> as that in the ease already considered. The equations are 
different, because \\\A\ the com, nUatien of the undissociatfd 
acid, is now constant, and equal to c, !1V]. the solubility of the 
add itself in water minus the hydrien concentration of this solu ion 
In tho eilse of benzoic tu*id saturat.d at 2.V. <*, - [H ] is a iou 
0f)2\ whilst it i> about <1*01 in the neighbourhood of 1«V. once 
[IVjjA'] ^ K‘r, *[1V]:, then under the above conditions 

l-Vj teS6 \ JO*, | H'j at 1*> and 1*T \ 10"^, [H ] • 



1630 PRIDE A UX : THE THEOKV OF ACID- ALKALI SOLUTION 

The concentration of the added alkali, [Na], whicHi Jia.y funned 
benzoate, is equal to [A j (H ].* t 

If x is the amount of alkali added in excess of that required to 
neutralise the hydrochloric acid, and 1 is the volume of the titrated 
solution, then 

xjV M-V] |»n - miAUH*|-[H # l . . . (4) 
Writing for A'[HA] one of the values given above and choosing 
p H - 3-5 ((H’J 316 10 _< ) as the end-point of the titration. 

V(6S6 U> 7 3 16 10 1 316 • Ur 4 ). 

Since l* is expressed in litres, then, for a titrated volume of 
■Jo e.e. 

0 02 l -So lu :i • 3 7o ■ 10 equivalent 
on:»7 c.c. of normal reagent. 


Similarly for 1 ->0. x 0*00. » 

and for 1 liHt, r 61S.V 

'l’he volume is usually about .">0 c.c.. and therefore the accuracy 
is about u 1 c.c. of normal acid or about o*.’» percent. in a titration 
of 20 c.c. of normal sodium benzoate. 

This result has been applied to the direct titration both of the 
alkali and of the acid in solium beir/mite. In order to avoid the 
obscuration due to the precipitated mid, chloroform (about f»U c.c.) 
is placed in a stoppred 100 < *.c. cylinder. the solution (10 to 30 c.c.) 
,,f sodium Wn/.o ate is added followed by a few drops of broniu- 
phenol-blue solution, and the mixture is titrated with A- or A 2 
acid until the colour is green or browpidi-blur (see below). Tin- 
volume, I‘, of the aqueous layer i> noted in ease a correction is 
required To secure the U‘>t results, this volume should be kij.t 
small; that of the <-hiorf<<nn may be large, and the temperature 
should Ik* low.v 

If a e.-rreetion is rnhhd to the titration \a!ue of the total alkali, 
it must aU.. I»- it<M" 1 t.. th>- >ul-< *|*i* nt litrati..n vain.- uf tW 
IwtUilicatlii. nicUtti rntnitii.il i'll!" ti ll l.y rul.HnK stLiii<lar.l ittkiili 
m the w of |*.-n..l|.Htlialrin until a pur|.l.- 0 ..btain«I- 
A -iriuli' ilrup of .V will lin n uiv.- a full ru! »l"«' 

inask.s the blue. 


'• -n... , „ n . trull II- .ui.lo- mi. il -Imm » '* M ' 

out Of 'onsnl- r.U;. f» at 

t -The tura‘1,0 total dkoi. >n W-cmms «>. !' ■ 

oOtho turn »-•„ t-rmtiy t.y K.«hnff (/• «**»• ii 

lit). In hoth . liHmn ntly tn,-*" OO -«• ^ ; rf 

rhf;V r*“f* r to'sAlts of h! r«iii|n«i!ion. -Iii>« A vh fc li 

•tkaii.. 
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*1M1 


>i \ P K R l M E S T A L . 

The solutions to bo tested were made either with known amounts 
ut sulphuric or hydrochloric acid and of the organic acid, or by 
decomposing normal solutions of the commercial organic salts with a 
liiiown excess of standard acid ; in the latter ease, the filtrate from 
the precipitated acid was analysed. The procedure has been 
worked out in detail so as to afford a method of estimating both 
the alkali and the acid in the salts, and several checks have been 
introduced as follows. After filtration, the precipitated acid, 
benzoic or salicylic, U washed free from the inorganic acid, and the 
iiltrate and washings are titrated first in the presence of an indicator 
of low titration exponent and then with phenolphthalein. The 
difference between the two titration values, multiplied by a factor 
if necessary, corresponds to the quantity of dissolved organic acid, 
which mav he checked by again acidifying the neutralised filtrate, 
extracting the organic acid with chloroform, and titrating it in the 
parated chloroform extract. Alternatively, the original filtrate 
, av i x . extracted with chloroform, and the excess of sulphuric or 
vdrochloric acid in the extracted aqueous solution estimated; 
ie chloroform extract also is titrated. In both casts, the pre- 
ipitated organic acid is titrated separately, and the quantity, 
dded to that of the dissolved acid, give.- the total amount of 
rjjanir acid. This method. calhsl the chloroform extraction 
ncthod, was employed to cheek the composition of .solutions of 
lcazoates or salicylates when these had been made from weighed 
quantities of the salts. 

A mixture containing 7-s e.r. of A’ -sulphuric acid and Hi lmlh- 
rquivalents of benzoic acid in !«Ki e.e. was analysed. After extrac- 
tion with chloroform, the aqueous solution was found to contain 
sulphuric m id equivalent to 7 s4 e.e. of -Y-acid. the chloroform 
containing millieqmvalents of bn, zoic acid. The extraction 
\v,i> therefore not quite complete. 

Thr diffi-rviurs' (in milliinillivalrnls) l« l«,rn tin- «|uantiti.s ut 
id found with tho first indicator ami of tl.- total acd prwnt 
(Tp as billows : 

, Difference 

Total tviizoie ui'iti 

l ti-l inthriifor. ( o}o\:r < imu ? 1 . 1 ; 


lotlivl-onuigr 

IVVr n il 

u-A 

Owiuv bX*» 

eA$ 


Yellow 

( i.;U 

)roinnp}K'noI'l>liir> 

HruwnisL yoll'-w 1,1 

Hlmsh-brottn hi' 

Uiirple " s ' t 


A sample of sodium benzoate wa- derompoM 

,i with excess, of 



1G32 PRIDE AUX : THE THEORY OF ACID-ALKAIJ SOLUTION 

standard sulphuric arid. Thu precipitated benzoic acid was 
removed and estimated as described above. 

The sulphuric and benzoic acids together w;cre equivalent to 
9-9 c.c. of A'-acid, and the benzoic acid alone to 1-0 c.c. 


First indicator. 
Methyl -orange 

Dimethyl- yellow 

Bromoplu'iiol-Liluo 


Colour change. 
Orange 
Orange -yellow 
Pink ttirst change) 
Orange 

Civet i {first change) 

lHuish-hrown 

Purple 


Difference * 
(c.c*. of A'-cu.itl). 
US; 0-84 
04 

o-y 

0 * 7 ; 0-8 
M 

1-<I ; 10 
Oil; O-'J 


* In these experiments, the ilifference is numerically equal to the ratio 
difference/ total benzoic acid. 


These niul tin* preceding results confirm the conclusion that 
to 90 per cent, of the benzoic acid is free* when the colour of the 
methyl-orange is orange. The change, however, is not very sharp. 
Dronm phenol -blue gives a good end-point, and when its colour is 
bluish-brown the whole of the benzoic acid is excluded from the 
titration, a result which is n«»t quite in agreement with calculation. 

Into 50 c.c. of a saturated solution of benzoic acid which required 
1-0 c.c. of A’ -alkali for neutralisation there was run the equivalent 
( f fvfifi o e. of .Y-acid. After the addition of a little more solid 
benzoic arid, A u’k.tli was run in until hromophenol-hlue became 
LTren, .VS .M- u-imr required. After tin* addition of Hi c.c. d 
i hloroform. 5-H e e < »f A’-alkali were required to produce the saw 
(Inre'e of .dour. The o\ri tit ration?-, r, of alkali, which form: 

... »•-. »*• .. . . <•.«•. ■■> n* .j 

, bi..n font! and n-2» u <•. in tlm piuM-nuu of <-hlon>f<>nu. 

A normal ~..luTi..n of -,!ium lN-iiz-ato was analysed («) bv tlif 
<•hiop.fl, rill extra, li. n method already ni.ntiolnd, and {>>) by tin 
,|„„hlc titration m-th-l in |>n -m e of chloroform described abow 
• n „. «..p- in oi!. total alkali CM. bviizniv and IK 

j„ ./,) total alkali IM . 1» nz-ir arid IHm. 

\notin r -ami.l- of -odium l» n/.oatv pv after sinular Irriinmir 
(„) total alkali ' OM. I» nz"i'' arid IS-.V.. mid (M total alU. - 
iq-T 1 lull /.ole .l< i<i Is* 1 * 

' ■IV total alkali a. ...ally |.P-n. in .!„• volu.m- „f hi® £ 
■ dilution tak.'ii »;o f. nod (from .If weight of the imhd and jOh; 
alkali obtain' d • n ignition) to V 19 W 11 ms the errer uk jb 
.Uvr for a vol.ino of e e . namely. IH«I c.c. of ^ 
a „ r ,, . II w.th tl... error found Tills correction .mot _ 
Uth u, lb- total alkali ami to th.- Is nzm,' ^ "i", , ^l*! 

Tb.- -ampl. of odium I.. n»*to wore low ill la n* • 
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thecomctcd ratils of alkali to acid being («, Hj.-, a „d !<*'(*) j, i4 
and 1-04 in the two cases. A sample made from • . ' 1 U4 

die calculated quantity of alkali gave : total alkali 8nd 

acid = 20-0, the corrected ratio being 20*2 ->0-l =. jqjy ” nzoic 
Salicylates may be analysed by a similar method in the 
of ti-opaxdin 00, the end-point king taken when the colour of tk 
M,|„lion is tawny-yellow or orange or red. The concentration .t 
-salicylic acid extracted by the aqueous solution from th( 
saturated chloroform solution was found to be 001* of 
and 0 0102 at 25 3 . . - at about 1» 

The value of [ICj corresponding to a mean concentration of 
1MX1U .S by equation 4). 3-2 X to* ( Pu -2-5), and the mean 
ccnecidra ,on o the undissoomted acid is again <1010. Therefore 

V i V] ," , X , 1I1 ' ,,,ratinf? !" a " «!*««•» of 2-8, the amount 

nf alkali winch still remains as salicylate is .r ... nia. v ia- 5/1 , 

hr 3 - 10 x l(r 3 ) - 4-05 x ]o ' A ,l b x 

Thus, at V - 20, 50, and UHJ e.c. ? ,• =, (m* 3. 0-23. and 047 c c 
respectively. It is evident from the remits that titration to an 
-range colour agrees most closely with the .lelicit of standard acid 
.namely. 0-2.. C.C., calculated for 2-S). If ,he titration is 

continued until the colour is pink, the reading will almost a<-ree 
with the value of total alkali found hv other methods that all’ 
the .salicylic acid will befrec. |!ut 2-:. for free salitvlie acid’’ It 

seems, therefore, either that the salicylic acid thus >ct fme in piescnee 
-I chloroform is a stronger acid than would be expected from its 
dissociation constant and its behaviour when shaken with water 
ami chloroform; or that troponin 00 in these circumstances 
Clives its full acid colour at t.V, low a value opir (too high a value 
Tllr titration of the liberated mid with piicnJlplitimlcin 
_i\i s c aim s higher than those* exjieetci I . I hi- dive rgence is scarcely 
at all due to an error in the c hoice of the cml-poim. for, as already 
hown (p. 1020}, such error, which can In* diminished bv using an 
excess of phenojplithalcin. will then only amount to 0-4 per edit, 
of tin salicylic acid present. It really reveals an incorrectness in 
tile lonqmsilion of t|,e sample used. This is proved hv the last 
experiment, in which the solution was made from a weighed quantity 
(1 the nrii I and the caleulatcd amount t«f alkali, and \va> rendered 
>ljL r lit !y arid towards phen..ipMhu!<n, !■ y tin- audit it li of t wo drops 
H divdroehlorir arid. It was then analysed hv the method 
tmdrr consideration. 

Hir result shows that <»■! <».<». imi-t >tiil he added to the tropawlin 
titiatinii value. This amount would also hr added to the phonol- 
pdlinlrin titration. jahle wore it n«»t 1 hat the oiid-point is 04 e.e. 
blu ^‘^ l - ° r c.c. for 2*1 r.r, of normal saiieylatr solution. ^ ilie 



1634 R1VETT AND OLKNDTNNEN : MIXED CRYSTALS AND DOUHia; 

t\\o corrections cancel and the phenolphthalein titration value j H 
correct as it Stands. 


Total alkali found, 
(o') By weight of salt. 
(6) By ignition. 

(a) 20-0 (6) 19*7 


P.KLS 


Total alkali found 
by titration with 
tropa'olin OO. 

Orange, 19*2; pink, 19-4. 
Tawny, 19-0; orango, 19-4; 
pink, 19*7. 

19*75 by chloroform extraction 
method. 

Pink, 19*7. 


Salicylic acid found 
by titration with 
phenolphthalein. 

19- 8 

20 - 2 

19-9 

200 


19-90 


(much indicator j.h »*. lf m . 
I 20-0 found 
(20-0 taken 


Summary. 

Equations have bien deduced by which the hydrion concentration 
may be calculated which occurs at the end-point in the neutrulLv 
alien of a mixture <4 a strong acid with a fairly strong hut spar- 
ingly soluble acid having a dissociation constant not exoccdiim 
1 X 10' 3 . The predicted results have been tested experimentally 
in the case of benzoates and salicylates, and partly continued. 

Rapid methods have been described for the titration of both total 
alkali and acid in benzoates and salicylates. 

University College, Nottingham. [Hcc tired, April 18 th, I92J. 


CLXXXII.L Mixed Crystal# and Double. Salts: A 
Com pnri*i>n of System# c ontuiniwj Wahr, Am- 
monium Chloride, and <i chloride of Mumjmm, 
Iron, (.'ttbnlf, XieCl, or Copptr, 

By Albert Ojkubi ry David Kivktt and Frederick William 
.Ikeekky Ci.kndinnkn. 

In previous pafwrs. description* have tarn given of ternary systems 
having water and ammonium chloride two eomj>«iiients with 
manganous (T., 1 !>iM . 110, 132W t hi-*- voi . p. 1344), fi*rron>. 
enhaltous, or nick* ions (T., 11*22. 121. sol), or ferric (this voL 
p. 133*) chloride as third mmjMinent. There is much iri i-mimiun 
in all these cases, but particularly so in tin- first four mentioned. 
An essential part of the manganous system has bn n wry com- 
pletely investigat'd between 10 and 70 , and may reasonably be 
considered to give the t y j « * of the series. In every case, then* is 
abundant evidence that ammonium chloride forms mixed crystals 
uhh the dihydrate, of the chloride of the bivalent 
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metal, and that the extent of mixed crystal formation, or solubility ' 
of the one solid in the other, depends on temperature. Over a 
certain range there are *thrcc series of mixed crystals, and hence, 
in the ternary systems, three curves of solutions. In other words, 
there are two gaps in the miscibility of the solids NH 4 C1 and 
yi“Cl 2 ,2H 2 0. One of these gaps (that nearer to pure ammonium 
chloride) has been shown for the manganous system to diminish 
with falling temperature and to vanish at a little below 25°. The 
other gap no doubt vanishes similarly, but under conditions which 
arc metaslable owing to the appearance of a higher hydrate of 
manganous chloride. With ferrous chloride at 70", one gap has 
gone and the other is very small; with cobalt chloride at 60°, a 
complete series of mixed crystals has been followed from XH 4 C1 
to CoC1 2 ,2H„0. ft is, however, in part metustubJc owing to the 
formation of a totally different set of more stable mixed crystals 
throughout a small range of concentration; with nickel chloride, 
the two gaps arc present at 70°, the one being quite small, the other 
large. One cannot doubt that the relations described in the 
manganese case are similar to those that would be found on further 
examination of the other three over appropriate ranges of tem- 


perature. 

The similarities and contrasts in the systems arc most clearly 
<cen in distribution curves where the concentration of one com- 
"nouent (ammonium eWorld, in »Ui »* S*** 4 
liv.it in iVm cortUNVorniinj- 1 \ (X . ot ammonium 

in Tig. 1, Vh<- "t?\ TO 'v,, a l t aV»Wi'»-'h»ve '«n taken the per- 
t l dl-W -eh regarded as 

. .. . . ‘K-i (ammonium ehlondt in 

junta! between ordinates 4. . * • . .iq.q m 

... ..11 „ ,., 1U aN 3«t2 ivr cent. •«*«** - K .° 
\H 4 Cl,loU i .-H.O imo. This slu*ws no connexion 

<«».«l>arc I,, K*— 121. • * ■- V8tem , the point* 

whatever with the continuous . u.u ^ # mtl(al point 

on which arc indicated by crossis. i.,, w been found 

at which the two curves merge. Nothing .mnlat has 

in the other three systems. . - t throws 

» “«»•■ "i •**«* tSU * 

on tljc binary systems M1 4 i l - "T . ^ {\ appear* that com- 
exceptional short wries in the cobalt s>* ^ »i,hjn certain 

[ilete miscibility is' characteristic of tin 



1030 BtVETT AND CLKNDINNEN ; MIXED CRYSTALS AND DOUBLE 

temperature limits, outside which limited miscibility occurs in one 
or both of two regions. This amounts to saying that the thermo, 
dynamic potential (^-function) of the various possible solid 
mixtures, ranging from ammonium chloride at one end to M"Cl a> 21I„0 
at the other, must bo a continuous function of the composition 
although at certain temperatures one or two portions of it may 
correspond with metastable systems. The extents of the m clast able 
portions increase with rise of temperature, or, what comes to the 
same thing, mutual solubility increases with fall in temperature. 


I'm. i. 



In pruti- • »n»* cannot realise the binary liquid pha-e Iniau.-tc 
diss<w iation of hydrates below temj^raUjies *’f liqurfartinii, bui 
it has l«i*n ,-houn (T , 1921, 119, 13'1*»; that it i.-> po^ible to er! 
some due to the liquid binary bv a rather fei'id 

extrapolation from th* t. rnary 1 1 - j* —iMr typ s i f tbx* 
systems may readily U< d-dmed by method.-* .-imiUr t«» tliooviiM'l 
by liooz*‘b< mm (/. pht/*ibil. * h- m , 1 ^\K f , 30 '.]<*> in the j-inlder 
ease *>f mixed ery.-Ul formation with on* gap lhu-, given that 
the ^-fune! i--n « ur\e f'T -olid- i a.- -hown in Fig 2. i. markul 
whilst that for the liquids i* <w*\\ ax tin i.im marked one cA 
deduce pwjiible. binarv sv«D ■m.x having two rutceth>, two tnn*s’:-n 
piinU or ofiw cute* ?i‘ and one transition p.int, juronling h 1 d* 
waw in which C# and >d. rfm* one another with t< mpiatum » k.gat 
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Fig. 2, sections i to vi, shows, for example, the relations of } and 
U leailing to a two-cutectic binary system of the type in the upper 
part of section- xi. 11 

Practical investigation is limited, however, to the solid part 
of 'this binary system in which there 


are five parts marked S lP -f S 2 , S 2 , Fl< -- 2. 

S 2 -j- Sj, and 8 3 , respectively, in Pig. 2, j j~ "7 ~r* ~| 

xi, where 8 denotes a series of mixed / 

crystals. Hut since the attainment of ; ' I r 'Jj\ ■. %yj 

equilibrium between solids is extremely .P — sf • 'r\J 
shoe, invest igat ion will be }x>ssible only j id pw * 

if another component such as wafer r — : -‘-M — y--*- 

hc introduced, and then only if this 1 JL M i 

component enter to but a slight and \\S- 
negligible extent into the eoiujKjsitions ; v I 

of the solid phases.* Water appears ! : • ;| 

to he satisfactory from this point of . i_J. Li ;■ ■ i 

view in the eases dealt with. i JL h j)L / 

The interpretation of the manganous \ — ' , 

system is that the £ curve changes as /V 

shown in Fig. 2, vi i to x. At a -'vipi I • 

definite temperature, the regions Sj \ i I ? j j j j j ; 

a io 1 S 2 liave merged into one another. ! jy i x 7 

that is. the Sj - - S 2 regii.n of section /V/PP 

\i has become closed. Similarly, there '- V M /vjV J 

is reason to suppo>e that sooner <t '> \ ' 
later the S., - S 3 region u ill also vanish, j ;i:;l 
so that complete miscibility is found p j[j 

'sect ion x), a stage already reached in — ^ u«a. ^ 

the cobalt system at . It would , v jfi 

be nf inti rest to find arid examine AP /Xj* /p / : ... 

cases in wiurh Use region?. • S, and ; : i ; rt ; jjs $1 jyj 

S 2 S 3 open,, instead of oh •so, with — U /T pP-j* 

falling temperature. W A. f$s ( ]Si / ^ 

'Hie additional short -ri«-s in the i / \&/.Si\Sij ^ 

cobalt sy.-tem introduces a nr.v t yjx-. j \r\y 

It seems not to be eonnceted in any ii Tp/[ \l ix* 

way witli t 1 h’ main continuous seue>. ■ ■ ii i >* 

Two unrelated A t unes will therefore Anv^ifioi Hfomrositwn.B 
ap}H-ar in jin* complete diagram of this 

\Vsb m, and their relations to one another and to the (l curve uih 


ititii-n 1* Composition. B 

A 


deterinino the form of the full tein]K’rature-conipdsition diagram 
of the? hinary system V2H S 0. ^ . v 

Xumemus oasis are on record in which the regions Sv and 
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S 3 are very small indeed. An excellent example belonging to the 
class under discussion is given by ammonium chloride and cupric 
chloride dihydrate. The region is narrow, but R has long been 
recognised from the work on the ternary system that the dihydrate 
will 'mix slightly with ammonium chloride. The S, region, how- 
ever, is so narrow and approximates so closely in composition to 
%> XH Cl,Cud,.iH,0 that a solid of this composition has always 
been regarded as a pure compound or double salt . in fact, it is a 

Fio. :t. 



rnmmctriol irtirl.-. t 1 'hnu. |M " * j’.’ . 

Shrvi.f.nak.r, |#W W-kiM. I »«. 5. sol; i„,.k.Ab». 
. | Y.tmrh. .1 m,t.r,l.r. . 11. «!.*.). tJ ■ Amir ( bm. .W 

34, vsn>. and » l»av<- all d»*riil»rd it as a ' ' 

Si have '* ’hauv.-n.-t ">•! I 'rluin (''««/•' r.,,,1. 151.. IS' !■ 

althouiili th-v -Im.u. iI tli.it tli" i.ml.. nbr v.-luttir. Itk>' <-"rr I’ 1 '?' 


properties, oIh'Vs tin- law t*f *ai !* ii t »\ it % . 

Table I and Fit ' 3 tfiv* s«»n;e nliMTV.it miw 

infill* at and U Thr pr»H • dur»- was imu li 
f(),« o*h**r imm-mmui was r 4imat« d 


which have l ,,rS1 
i the same as with 
!,y ilistillatii'H an»l 
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copper by the iodide method, which can he made very accurate 
by adopting back-titration practice. 


Table I. 



Temperature 2.Y !- 0 01'. 

Pcrer-n tago r-oi 1 1 posj (ion. 

Solution. Il.-sidu#-. 

lt\. 

NH 4 Ch 

fun,. 

XJl/'l. 

f’uf’P. 

1*31 

i usn 

28-U2 

<mw: 

73-3 

1 l>‘J2 

274)9 

1-7S 

4.1'*; 

24*i 

1 

2ti*8U 

2-u:. 


;;s-i 

1*114 

19*. r *!i 

ell 

;u-!i 

4(Hi 

H4-i 

1 0 2*1 

low 

34 II 

40* S 

1-I9I 

1«H»4 

m-:r» 

2s-y 


1 

<*•'»:» 

23* 7*1 

27-:. 

4o-2 

i:ith 

a*m 

33*2 

27 U 

44*7 

k»24 

1-82 

43*3 

8- Os 

.73-2 

— 

I-Ti* 

43 3 

13*04 

51*5 

K*23 

141 

43-2 

ll-Ss 


i-:dtt 


43 -4 

— 

°- 

1-078 

TemjK-rature 0* 
22*.V» oy] 

1 : u v. 

82-4 

2*2y 

1-084 

22-28 

1-U2 

41 s 

• 38- fi 

1-117 

13-09 

7*.'i7 

34 s 

42-2 

1-178 

7*49 

l.'i-nji 

34 •!) 

. 44 n 


2-u.'» 

24 40 


44-t; 

iie.ig 

Mu 

33-80 

2'* N 

47-3 

i-iy.'i 

u-7U 

4i r 

1-Tii 

48-1* 

i-ms 

n-7.7 

1*1 s 

0}*l 

32 -U 

The part 

({ ft of Fig. 

1 has been 

established by 

other.' and no 

aUciupt has 

been made 

to lix its 

limit accurately 

: the ]X)int of 

present interest is that the lie-lino ! 

<*r the intermediate curve most 

certainly do not inters* 

t < >u the e 

imposition 2XH 4 n.(uCl. 2 .2H 2 0 

(marked 2.1 

2). It is true that tin 

v do not div«-r: 

:c from it very 


much, but the region cd at is by no means negligible. At 0" 
it becomes greater, Wing <*#. an increase with fall of temperature 
which was to Ik* expected from analogy with the manganese case. 
jS, is narrower still. The solution cum- is quite short and any 
h* elation in solid phase from rutL2Hdl ff> was beyond the limits 
f accuracy of the methods used. 

Tlie system XH 4 lT Vt\\ H,(> i/«* r d.i is a similar case,. 
-XH 4 CJ,M j 3 .H,0 has Im-cii very generally mognised as a com- 
]x>un<l which could exist in equilibrium with a series of solutions 
(Koozchooni, Z. jih y<ihil. ('him., 1M^, 10 , 14’* Mohr. »bnf., 

27 , IM). Actually there is a clearly detined series of s’oiid elutions 
about this composition. ,v 

| As a matter of fact, it is imt po.^ii»lr to have Angle solids in 
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equilibrium with successive solutions along such elirves as each of 
those in Fig. 3. If it were, then every possible solution on any one 
oun-e could exist in equilibrium with every other, each being i„ 
equilibrium with the same solid. The phase rule denies the po-si- 
bilitv of such co-existence of unlimited numbers of phases (compare 
Chan. -Vcies, 11121, 123, 251). 

The ease which is so obvious in the systems described may he 
supposed to be quite general. Curves such as ah, cd, and / must 
he Unite lengths, although they may be small, and for any binary 
system when*, besides the two components, there are also “ nmlccii. 
lar compounds " or " double salts " between them, them are two 
possible points of view suggested by this work. Hie " molecular 
compounds '* may represent the last 


Fk. 4. 


b 


$ 




S»i 
• $> 


stable intermediate sections of a con- 
tinuous miseibility curve running from 
one eompoiieutito the other. The 
rurve for the solid* would be like that 
of F itr. 4a, with Very birje yap* mui 
sharp hut continuous turning poims 
siit li }K 7 , and r, the tangents from 
either >ide almost meeting at those. 

On the other hand, it may be that 
th»‘ region c d in Fijf- belong to a 
-i,. ,,f mixed ery-'.ds t..tallv different from <i hand/, eorrespoinlins 
with tin* short -■":•!• s ill tin- cobalt system. In that case the yfctm- 

Wollkl tie "f tile typo of Fig. 4b. 

Tlnat a series of solid-, when short, should approximate in cm. 
ation to integral molecular ratios O cm.,.. nets is only to I* 
, t.-d If strain is set up wln-n two solids crystallise together. 
,hev are more Ukrlv. as a matter merely of symmetrical pack,:*. 

rill, wb< n the emupmimu are pr.*M*nl m ahMy 
n ; j,. tn.ni pimple integral pn«i«ortn 
f tie* trrms " compound ' and 

no mm.* justifiable than would Ihmi> 
Ih.i ,.f a,tv part i. ular |«dnt -eeiirrinc in a 
Vstab. at tthi.h emnjM-nents happened abote^ 
.• i i v ii,> >]. < ill*' Inw- tipUi.m of lb--' 1 * r . v?,iS 

uld Im- valuable. 

U s , 

I'M’.: -■TV ' >• ’ 


[K>: 

iXJMT 

an 

to mix, if at 
dilT'-rirv^ but IF; 1 
The appli' Uti. n • 
su. h limiting . ■ 
k ipplii ati* n to *h»' 
s. r ; *‘;v of ruivd el 
in i literal . 

,,trmtur. s by .V ray didraetioi. i... ih—l- 


bv Illotcculf. 

lulilfle Slit ill 
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CLXXX1V. Hydroxymphtlioic ^ 

By Frank Albert Rovlk and Jack ,\ KSotD lS J* ’ 

OF -(lie Severn theoretically possible tnonohvdrrm- * , ^ 
•■naphthoic acid, only four appear to have- !*„, d,.',’ . . ' C ' S of 
ll-hydroxy-a-naphthoie. acid, m. „ 15 k e|,-.,„n • n6wt > namely, 
15,500; Schmitt and Burkhanl. “nn " 

naphthoic acid. in. p. 1H3— Its* (Ihlkr,’ }j,’ r 'Vt 
,'i hydroxy.i-naphthoic acid, in. p. op/- , K i "1 '■ , 5 ' ' J <4), 
and Spiel/ojrel, MU,. Ur}, 

J-l. 3I«: « <' also J. Hoe. Chun. Ind.. Ik'is 17 ™ ' V, 8 : l 11 antl 
,naphthoie acid, p. l«f (Kkstnmd/ ^ 

In addition to the above, the chemical literature e, ■ , 

itiees to three other •hydroxy.se.jiaphthoio acids ,t‘ K ? M ' 
e-< institution. Batten-hall {'/.Cbm ‘ '^determined 

1S7.-I, 168, 144) sulphonated Miaplithoj," acid’ m,l 1 ?f*’ 
the precinct* two isomeric mon<*ulphomt acids* ^ 1 ;,T * tod froni 
euished by the prefixes , and <’, feU S * **? 
uMde, the i-sulphonie acid (rave a hvdroxv , nanhtl - «"■ T h , J - dr ' 

product. ’ »-*t yield a pure 

Stumpf . lna«Aa Is77. 188. 1) repeated Battershalls wort 

iilKi in :ir]t h 1 in in the, ... .,..11. .1 .... 1 , , , 'urjx, 


]■ 1 > . . , • *t «Mmr<naiis work- 

and m addition to the so-called a. and Wulphcie acids he isolated 
.1 third niiiiiosulpheiiue acid, t,. which la- 1 r. I;x< cl the ,„nhnl 
llehe,,! the S -and v-mone.idphonie .rids whh ,-ou.ium h'vdroxide 

^ *•* 

1 he only attempt made by Stump, f to determine (he constitution 
' tlHM- hcdroxyiiaphthoie acids Was by distillation with line; 
' found that the hydroxynaphthoie id derived fp-.ni the *• 
Mdphome aeiel yichle-d t-naphtlml. wfciM the obtained from the 
/* fun! b.suljvlionic; acids yield'd '* i-hj litlm] 

Three ^-hydroxy- ,-naphthen- acids' arc possible namelv. the 
S-hydp.xy.ac-i, Is. and. a« ha> 1.,,-n j-tvvi. usiy ment'iwied. 

■ Hm- hav, UVn prepared hy other ami apparently trustworthy 
,1( ami null. n-sjHctivt-iy. at IsV JM . *J]‘i . and 101 );. 

wc taki* thex- mi'hinjr |N.ints att ui.iu- and tin iv i> p-nd reason 
'* ** i,U ^ h '. var, *“ tlit'ii tin- a ;;ud t,f Hatii i>hall and Suimpf, 

;i ■ I ni “ ,M ^ at d "As jut an a-liydro.\y-s-naphthoic 

* 11 ' .hut either held a ilitFeretit ceiMitntion or was a 
impure sub^ta^cc. 

Sdn, Stuinpfs ( 2 - and ; -acids, bein^ Viiydroxx-a-na-phtliOit 
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acids, might be any of the 2-, 3-, 6-, and 7-hydri>xy-a-naphtlun c 
acids. 

The last llirec are unknown, and it is scarcely jxjssible that citlici 
the or the y-aeid could be identical with 2-hydroxy-a-naphthok 
acid — which is the only fJ-hydroxy-a*na]>hthoic acid that has been 
described — since the melting points are so widely divergent, am ] 
t he constitution of this acid is well established. 

With these facts in mind, the present authors proposed to prepare 
the 3-, 0*, and 7-hydroxy-**iu\phthoic acids and thus attempt t (: 
establish the identity of Stumpf's p- and y-acids. 

Two of the desired acid* the (>• and the j •hydroxy-acid, were 
obtained, respectively, from x-naphthylnniinc-ti-sulphonic acid and 
amaphthyhunine-7-sulphonie acid by dia/.otising, proceeding 
through the eyano-sulphonic acid to the carboxy -sill phonic acid 
and fusing this with potash. 

(3 'Hifdwxy-x-ndphthoH' acid, prepared in this manner, melts at 
20S- 2otV, whilst the 7 -hydro* y-x- naphthoic acid melts at 253- 251 

Z-Htjdroxy-V'napklhoic acid was pre) Hired in a similar mannu 
from ct-naphthylamine-3-sulphonie acid ; it melts at 242- 24 3. 

From a consideration of these melting points it would appem 
at first sight that Stumpf's p-acid, in. p 245— 247 , might lx 
identical with 3-hydmxy-**naphthoir acid, tn. p. 242 243 
Stuinpf, howcM-r. describes hi- £-aeid as crystallising from vatn 
in bulky of needles, a description which agrees prfnth 

with the characteristics of 7-hydmxy-x-naphthoic acid. m. ji, 

253 — 254 . 

StumpfV v-acid. m. p. IM> 1*7 , might possibly 1 h> a very impure 

specimen of b-hydroxy-x-naphlhoie ackl, in. p. 20S 'M . 

The properties of the x-a<id, .u- previously mentioned, do n>A 
appear to suggest tin*-..' of any of th< known x-hydroxy-x-naphthwr 
acids. 

In order to ..btain a definite d*»i-i.*n on tlic «pn-ti"ii. the 
work of RiU.rdiali and of Stuinpf ha, U-.-n repaid and the 
'■). (k nd *, h vdr»>\\ ■ - napht h«*ic acid** of thr.-e workers ha\c Ixcti 
proved to impure >j*« imen> of 7- and b-liydroxy-i-naphlhok* 
acids. rf >jx. tiveh I he x-acid lms l*v» definitely found to W 
purr 1 5-hvdmxv - 1 • napht hi »ic arid, the melting l^int, -1-* 
arid as given by Fn dlandcr. H« il|« rn, and Spielfog.-l eft) 
hoing incorrect 

F. \ V V. 11 I M K N T A t- 

MnUrmh u^d I’he i-naphlhyUminr-li. and l-iiaplithyLuiurie 
7 salphomc arid, wrr . .anim rcml produ- and these were h JI} uI 
p'.ntied in the Ulmratory l*'f**rr u-c 
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\m 


a-Niiphtbyiamine-a-sulphonic acid was prepared from the' com- 
mercial acid sodium salt of a-naphthylarmne*5 : 8- d ini] phonic acid- 
^t'-acid) by boiling with 55 per cent, sulphuric acid for two hours 
( Kallc & Co., D.Tt.-P. Oil u small scale, it was found 

advjsablc to increase the proportion r>f sulphuric acid recoin- 
mended in the patent, and 7 parts by weight of 75 percent, sulphuric 
uid gave good results without excessive charring. 

Piazotmtion of 'i-Saphihylam i »c-3 • , -b-, and -7-.v«fpfcom'c Arid*. 
^The a-naphthylauunemonosulplionic acid 125 grams) was dis- 
.elved in an aqueous solution of sodium bicarbonate (U grams) 
a nd the solution filtered to remove any insoluble impurities. The 
volumes of water which were found to give the most satisfactory 
u-mlts were lSf> c.c., HX> t « and W c.r. in the .-use of the 1:7-, 

1 th, and 1- 5-acid, respectively. Ihe soiution was cooled to 
iiltoul (i . concentrated liydrochloric acid |b5 c.c.) add(-d rapidly^ 
md the finely divided suspension diazolised by the gradual addition 
„.dium nitrite (7 grams in 20 e.e. of water) with stirring, the 
tuipcrattm* being maintained below 5 this i> ojK-eially necessary 
\uth the 1 : 0- and 1 : 7-ac ids, but with the 1 : 5-acid the temperature 
>i iv be slightly higher without the formation of undesirable com- 
in-iumlr- taking place. Ihe diazunium elm-rides separated in the 
Jvc of the 1 Mi- and 1 : 7-acid.s as light brown, semi-crystalline 
..sliik whilst the 1 : 5-diazonium chloride was canary .yellow and 
Killin' crystalline in character. The wen* saturated with 

odium chloride and filtered. The solid dm?... mum chlorides were 
Wished with cold saturated salt solution and used in a damp 
lendition. 

ir^nmuiphthabn^'.V, and -7-M/l/^.e .kiUs.-The solid 
hUn, iriuiii compound was added to a hot cuprous exanide solution 
[,Vf. tin'} prepared in the usual way.* and the mixture was sub- 
.■ipirntly warmed on tin- steam- bath for an lmur. loin filtrated 
lYilrorhiorh' acid xxa> then added t<> tb 1 ■ i solution. the preeipit- 
M euprnus cyanide tilt end «.« ar.d washed with a little hot 
ter. the washings and filtrate w.n execrated to dryness, and 
rcridtfe W.I> extra* ltd seXrl.t; v -;.h -It- }kT cult, 

die! The alcohol was evaluated and the mlrilts were reerys- 
li’dl. from a , W a)3 bulk of water. aimed dmrusd being utilised 

tim-ssary. _ * 

It wa> not easy to obtain these nit slier v.\ a siillit lelilly pure state 


* ]il I* l-w the M-oou- « 

1 *4sm«i:i i-yniutte ws*. nveidi <1 1-) ua i:' 
*3- N'leii.-.ji until a fiimt opales* * eo-- m 
- "‘is <hr i - 1 

a j'iirjilc impurity.^ 


A »dry . \erss 01 

i.\-ir.-o} ]o:u- a. ..I to the 

uA. 1'iili* ib# preoiii- 
.jivrtmWv • onwiuinatcd 
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for analytical purposes, and they were usually hydrolysed before 
any analyses were made. 

3-, 6-, and 7->Sn1pko-oi-naphthoic Acid *. — The potassium bait of 
the cyano-sulphonic acid (or the whole of the solution after the 
precipitation of the cuprous cyanide) was boiled with 10 per cent, 
aqueous potassium hydroxide until ammonia ceased to be evolved. 
Any final trace of eoppx r was removed by passing hydrogen sulphide 
through the boiling, aeiditied solution, which was then filtered and 
evaporated until crystals began to appear. On standing, almost 

the whole of the desired potassium carboxynaphthalencsulphoiiate 

crystallised. 

The crystalline character <>f all three potassium carboxyiuiphtha- 
lenesulphonates readily distinguished tlum from jK»tassium or 
sodium chloride. They were usually sulheiently pure for the next 
stage of operations, but could, if necessary, be readily puritied bv 
recrystallisation from water. 

In the preparation of the salts, of which the following analyses 
were made, potassium or sodium salts were u>ed throughout so as 
to avoid the formation of mixed salts. 

S&lium I’Cnrboxtinnphtfotb tH'-’A-sidphonuL cry.'l allies from v,;;tu 
or dilute acetic arid in small needles {Found : li.lt . . tc3; Xri — - 
7 7. CjiH-UjSNa.lljU requires H.O li J ; Xa 7P per cent.], 

PtiUisxium [ -rarUrj’tfUfi phth*il‘ crystallises in 

microscopic needles from water or dilute alcohol (Found ; IFO - 
pry ; K 117. ( 'jjlLUrSK.’Jll ,1 > require 11 O ll’O; 

U’O jier cent.). 

PuttM-iium \'f<irl»Li '(nnphlh*il n> •"•suljdor.ti!*: crystallises from 
water or dilute acetic aeid in di-ndcr Ui-edi»s (Found : 1U> -- ]U;y 
K ll‘S. FjjIIjOjSK.JIFO requires 1LO ] 1*0; K - ll’O 
1 *t cent.). 

fusion of 1 ■* ftr^oj'ywtphthol* -3*. • (> . and •~-<u!phn.ti 1 »-<v'dk 
/Vusso/m Hyiruj'vU . The tinelv {tow tiered, anln drous sulphonate 
(1 mul.) was abided gradually to fused j-otassium hydroxide at 
I’tjU , after ♦ a« h addition, the (• m|* rat uiv wa> allowed lo rise 
to l!b*F and the iu i.-.s w;w well stirred. Having been linally lu-ated 
at -SO for about live minutes, the melt was cooled, dissolved in 
water, and almost neutralist d with sulphuric auid, and f tb' 
-•dutioii, tilter» «l jf net « rv.arv, the hvdroxy-x-naphtheic acid was 
precipitated bv concentrated hydrochlorie at id. I he ciudc add 
wa.s purified by e«, overling it into the sodium .‘■a It, the aqUo'R' 
dilution of which was boiled with animal charcoal fmd idbioi. 
The hydroxy- i naphthoic ackl was then repnvipilated with M ro ' 

\ ha-ric aeid and ivcry.it al lined from Nailing water. 

th/Zy/riiury- naphthoic acid is almost insoluble in cold watib 
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but it is nwliljr soluble in boiling valor, from which ii crystallis" ■ 
in tine, silky needles niching at 208~-2fl9'\ It is soluble m alcoW 
ether, acetone, />r warm glacial acetic acid, but much less soluble in. 
benzene or chloroform. With ferric chjoride, tlie aqueous solution 
gi«* a (i;irk brown coloration. Dilute aqucous-ulenholie solutions 
of the sodium salt show a green fluorescence (F oUnf j : (; 

H T3. requires 0 70'2; ]{ - \ p t . r ( . { . n j j 

acetyl derivative crystallises in needles from dilute acetic acid or 
toluene. It melts at 209- — 210' [Found: (1 07*7 ; H~4*4- 

(WHa 1^ *1 (’nH 7 O a (('0*( , H 3 ) requires (' - (>7*S : H -4*3; 

(X)-0H : j - IS O |Kr eent.J, The undid* * is almost insoluble in the 
usual organic solvents, but may l>e crystallised jrom acetic acid 
from which it separates in short, glistening needles, m. p. 193—104' 
(Found: X no. < 17 H ];j () 2 X requires X ,V3 percent.). 

7 dl ydro.nj‘X’na iddhoir arid, in general properties, is verv similar 
to the 0-hydro xy*ariii. D i>, however, less ><»lubie in cold water, 
from which it crystallises in bulky masses of tine needles, dj. p. 
2o3 — 234 J . The ferric chloride coloration and the fluorescence* arc 
also very similar to those of the previously described acid (Found : 
(’ 7il‘i ; H 4m. rj|H # 0 3 requires (’ 70*2; H ~ 42 percent.). 

The uri/yf derivative, m. p. 221 222 , crystallises in long, 
transparent needles from dilute alcohol [Fnund: C0*CH 3 = 18*0. 
C^Ul^irH,) re([uire> rU’t 'H 3 1-vti per rent.): The anilide, 
m. j). 2<>9 21u , forms small needles from acetic acid (Found: 
X -VI. ( , j 7 H J3 0j,X requires X .V3 per cent.). 

3 J I yd cosy- *• nn phlhoie acid is even ie-s >oluble in water than either 
of the above acids. It crystallises from thi> solvent in short needles 
melting at 242 243 . The ferric chloride coloration is reddish- 
brown and the fluorescence of the dilute aqueous-alcoholic solution 
of the .-odium salt is purple {Found ; t 7<<i ; 11 4*4. 

requires (' 702; H 42 per cent.}. 

The aftlyl derivative, m. p. 1 lit* 17n , crystallises in long, 
transparent needles from dilute alcohol [Found: COfllj — 1 ^** 2 . 
t' n H : 0.j(( (H lijj) requires (TKTI 3 1 m> pci cent.]. 

Snlphomition of x Suphthoic And. 

In their sulphonatimis <4 i-uaphtlioie acid. Battersliali and. 
Stumpf (/nr. rd.) made u>e of fuming >ulphurie acid uf unspecified 

* Hie umlulcs ware prepared acenming to IVK.-l 1 . ((J« »«*«/>« 

totriic Cri'U' im KUUt»nK which a moditnatum of Sk'koepfls 

in.-tlio(1 (/ >Vr., IS92, 25, 274-1), The hulrox} nuphtheic anti. s\is]vm!ed in 
leiui -i 1 1 ■, wns treated w idi die reiph.-ite nf aniline, and phopliei-.* 

Uicliliiritli* wtw slowly propped into dn’^itand mixture: (he -elution vai 
R t ,n Hy hoi let I so as to complete the reaction- 
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strength ; hence it was impossible to repeat their conditions exactly 
Parallel results were, however, obtained by heating a-uaphtlioie 
acid (1 mol.) with 98 per cent, sulphuric acid (8 molt}.) oh the steam, 
bath for eight hours ami converting the product into neutral barium 
salts by the usual method. • 

Separation of the a-, p-, and y-Sulphonic Acid *.--- Fractional 
crystallisation of the neutral barium salts failed to yield within a 
reasonable time more than one pun* salt. This salt consisted of 
well-defined, transparent, hexagonal plates corresponding in 
general characters with Stuiupf’s x-salt. Conversion of the 
material remaining in the mother-liquors into acid barium salts 
resulted, in the separation of the |i- and ^ -salts, but it was found 
more expedient to convert the whole of the sulphunie acids into 
their acid barium salts in the tirst instance. On evaporation of 
this solution, the almost insoluble acid barium salt < >f the ',-sulphnnii- 
acid was tirst drf>osited — and was obtained pure by reerystallisation 
from boiling water. Further evajHiration of the mother-liquors 
yielded one or two indefinite fractions of granular material and 
then two very characteristic fractious crvstallidng in balls of fine 
needles ; these undoubtedly consisted of the arid barium [j-sulphon- 
ate, which Sturupf described as crystallising in “ soft, voluminous, 
warty masses. The Vsilt also was purified by reerystallisation 
from boiling water. The mother-liquors of the y- and [j-saits were 
then made neutral with barium carbonate, and on further evapor- 
ation gave a g<>«*d yield »>f tlu* neutral a-sulphomite. The inter- 
mediate fractions and all inotht-rdiqunr* were fully invesligatal ami 
readily nrhoKetl into V, and y -salts, no traces of other salts 
being detected. 

Conversion of the i-, and • Salts into Hydrojipzauiphthoic 
Acids.-'' The neutral sodium salts obi aims! from tin* preceding 
barium salts bv the usual met In sis were fused with excess of 
potassium hydroxide; the resulting hydn-xv-x-naphthoie acids 
were isolated and purified in the manner dej-erilnd in the earlier 
part of this paju-r. In ea<*h ea.-e, the yields from the fusions were 
satisfactory and the hydroxyi-naphthoic acids ohtaimd had the 
following melting j«>ints (the figures in brackets are the in. ]>. s 
recorded by Stumpf) : x-aeid, in. p. 23.’> 23b (234- 237 ). acetyl 
’derivative, m ft 2<*2- 2o3 ; Varid, ni. f>. 2.73 2.74 (243 24< ). 
acetyl derivative, m. p. 221 222’; y-ucid. m. p. 20N 2u9 (ISti 

1S7 ), aei-iv* derivative, m. p. 2< Hb 21 U . 

From t hese figures it is clear that the ft- and y -acids obtained h> 
Stumpf were impure sfxeimens of 7 hydroxy- and (i-hydroxw- 
naphthoic a** ids, n^fa-e lively , 

SIk* x a id had alt the pr.q>erties of Battershall and Slump 
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a-acid, although it failed to correspond with any 0 f the three/ 
possible a-hydroxy-a-naphthoic acids, all of • u'hich had been 
previously described in the literature. Since 4-hvdroxy- a- naphthoic 
acid cannot be obtained from 4 ,su I ph<px. naphthoic acid by fusion 
wrlh potassium hydroxide mvin g to loss of carbon dioxide, and since 
$- hydroxy -a -naphthoic acid mulily yields an anhydride, the authors 
draw the conclusion that the at-aeid must bo •>- hydroxy -x-naphthoie 
acid, which had been described as melting at 2Vr by Friedlander 
Heilpcrn, and Spielfogel {lor. at.). In order to justify this con- 
clusion, a Kpecimcp of a-Maphthylar/iine-^Hdphonic' acid was 
converted into o-hydroxy-a-naphthoie acid by the methods described 
above. The acid obtained in this way crystallised from hot 
water in long needles melting at 23 .V 23b\ and gave an acetyl 
derivative melting at 202. Further, the preparation of 5-hvdroxy- 
x-naphthoie acid by Friedlandcr, Heilpern, and SpielfogePs method 
again yielded the sajne acid melting at 23o~23b', ami there can 
be no doubt whatever that Hatterdiall and Stumpfs a-acid was 
practically pure o-hydroxy-x-naphthoie acid. 

Summary. 

1. 3-, ^15-, and 7- Hydroxy- x-naphthoie acids have been prepared 
and characteris'd. 

2. The sulphunation of i-naphtlu.ie acid with Os percent, sulph- 
uric acid at loo has bi-en shown to produce a mixture of •>, 0-, 
and 7-sulpho-t-naphtlmie acids. 

3. The so-called and yhydroxv-a-uaphtln-ie acids of 

Stmnpf and Hattcr.dmll have l.nni proved l<< )«• 7-, and 0- 

liydroxy-x- naphthoic acids* ivsjvclivrly. 

4. .V Hydroxy- x-naphthnie acid nulls al 23’» — 23b , and not at 
-FF as previously stated. 

The authors desire to express their thanks to Professor Lapwoith 
for his interest in this work. 

Tm: r\jvj:H.s!TV.- MAsrinsn it. » J, Nay .»///, IU23.J 













